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A KEY TO THE HARMSWORTH SELF-EDUCATOR 


At the heeding of each article iu the Setr-EnrcATon li the number of the group to which the ai41ole belongi. and a referenoe 
to thifl key indlcatee precimly the place of the article In the scheme of the book. This kqr, therefore, enables the student 
at anj time to understand whiit has preceded and what is to follow any PO||^of the work to which he may happen to turn. 


Gaour i. 

Affpiculture. Beekeeping. Gardening. 

PAaifiMO. In all Its Branches. Dairying. Poultry. 

Bssasarnio. A Practical and Comniercial Cuui-se. 

(Unnsirrno. HowtoGettheMostoutof a Minimum of Land. Garden- 
ing for Pleasure and Profit. Market Gardening. 

Gaour a 

Art. Architecture. Glass. Earthenware. Carving. 

Abt. Theory and Training. Paiiiiiiig. Sculpture. Ai chi tecture (Theory. 

Stylea Praotical Training). History and Ideals of Art. 

Glass and EARTueawARR. Including Pottery. 

Carvino. Wood. Bone. Ivory. Horn Tortoiseshell. 

GROur 3 . 

Biology. Psychology. Sociology. Logic. Philosophy. 
Religion. 

OioLour. Including Evolution, PalaMntology, Heredity. Anthropo- 
logy, Ethnology. 

PsYciioLoov. Including Psychical Research. 

SouiiiLoav. Including Political Economy. 

I-ooic. The Science ot Ueasoning. 

PifiLosoruY. Systems of Thought. 

Hklioion. History and Systems. Christianity. 

Group 4. 

Building. Cabinet Making. Upholstering. Fire. 

BuiLniMO. £.xcaTatlng. Drainage. Manufacture of Bricks, Litiies, 
and Cementa. Brickluyi^. Clay Wares. Reinforced Concrete. 
Masonry. Carpentry. Blates and Tiles. Plumbing. Joinery. 
Foundry and Smiths* Work. Painting. Piipcrhanging and 
aiHziug, Heating, Lighting, and Ventilatiou. Building Ilegulatiuns. 
Quantity Surveying. Bulldliig Abroad. In Business as a, Builder. 
Cabimrt Makimu AMU UrHOLSTRRiMO. A Practical Course. 

Fins. Fireproof Materials. Fire Prevention. Fire Extinction. 

Group s- 

Chemistry and Applied Chemistry. 

CiisuisTRY. Inorganic and Organic. OhemistiT of the Stars. 

Arman Chruistuy. Acids and Alkalies. Oils (Fixed Oils and Fata; 
Waxes ; Essential Oils and Perfumes : Paints and Polishes), CnndlcH. 
Soaps. Glycerine. Glues and Adhesives. Starches. Inks. Tar and 
Wood Dlalillatioii. Matehes. ('clluloid. Manure. WnsUi Pro- 
dufsts. Petroleum. Paper Making (including Paper Staining and 
Uses of Paper). Photography. 

Group 0. 

Civil Service. Army and Navy. 

f’lvii. Srrvioh. Municipal. National. Imperial. 

Ahmy and Nai y. How to Enter Them. 

Quour 7. 

Clerkship and the Professions. 

CLiRRSniP AMD Aocountanuy. Complctc Training. Bookkeeping. 
Banrino. The Whole Pmclicu of Banking. 

Imsuranok. Life. Fire. Acclduiit. Marine. 

Auctionrekino amp Vai.uinu. Practical Training. 

Estatr Aqrncy. Deiiorlmeuts and Oflicials of a Great Estate. Train- 
ing a Land Agent. 

Mriiicinb. Training of a Doctor. Spccioliets. Veterinary Burgeons. 
Chemists and Driiegiats. Dentistry : Thu Dental Mechanic. lJurae 
iiud Professional Nursing. 

Chuhob. How to Enter the Ministry of all Denominations. 
SouoLASTlo. Teachers. Professorshins. (loveniesses. Clinches Tutors. 
Sborrtauihs, etc. Institution Officials. Political Orgunisntiuiis. 
Lecturers. 

I.ukw. Solicitors and Barristers. Persoual and Commercial Law. Copy- 
right. 

Uitoui* 8. 

Drawing and Design. 

Drawimo. Freehand. Object. Geometrical. Brush. Memory 
Light and Shade. 

Tecbmioal Dkawino. For Engineers ; Cupnersmltlis, Tinmen, Boiler- 
makers; Architects; Stonemasons; Carpeulers and Joiners; Plumbers 
Dksiom. Book l>euoratioii. illumiiitttiou. Textiles. M’all Pupcis 
Metal Work. 

Group 9. 

Dress. 

Drrss. Dresamaking. Underclothing. Children's Clothing. Tailor- 
h^lj. ^MiUiirarj^. Men's Hats, furs and Furriers. Feathers. 

Group xo. 

EleetPlcity. 

Ki.rctrioitv. Electrical Ei^ineeriug. Telegraphs and Telephones 
(including operation of). Cables and Insulated Wire. In Business 
as on Electrical Engineer. 

Group si. 

Civil Engineering. 

Civil ENaiMisRiNQ. Surveying. Varieties of Construction. Machines 
Employed. Roads. Bridges. Railways and Tramways. Water 
Supply. Bewerap. Refuse.^ Hydraulics. Tumps. Harbours. Docks. 
Lighthouses. Foreign Work. In Business as a Civil Engineer. 
Group sr 

Meehanlcal Engineering. Military Engineering. 
Arms Ammunition. 

**5®V*A®/*' Applied Mechanics. Workshop Practice. 

Too s (Hand and Miscellaneous. Machine Tools. Portable Machine 
Tools). Machines and Appliances (A General Guide to Construction, 
(locks and W atches. Hrientiflc Instruments). 

M^itary Em^krkixo Pontoons. Bridges. Fortlfieiitlons. Rafta 
Trenches. Paaaing Rivers. Conditions in Peace and War 
Arms amd Aiimuiiitio.n. Manufacture of Arms and Esplotives. 

Group 13. 

Geography. Astronomy. 

Gser.RAPBT FhvticaL Polltieol. Human. Commercial 
AsTRoaoMT. A Survey of Uie boUr SysUm. 
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Group 14. 

Geology. Mining. Metals and Minerals. Gas. 

Oroloot. The MRking of the Earth. 

Miaia 1 . The Practice of Mining : Coal, Gold, DUmoiids, Tin, etc. 
Metals. NetRlluxgy. Iron and Steel Iron and 8te6.'MRnafRcturee 
Metal Work. Cutlery. 

Mirkrals. Mineralogy. Properties of Minerals. 

Gas. Manufacture of Gas. 

Group is 

History. 

A bhort History of the World from the Begliuilug. 

Qitoup 16. 

Housekeeping and Food Supply. 

Servants. Qualifications and Duties of Every Kind of Berrant 
CouKRRY. A Practical Course, with Becipes. 

Launukv Woita. Washing. The Laundry as a Business. 

Foods and Brvrraors. Milling. Bread-making. Biscuits and Con- 
fectionery. Sugar. Condiments. Fruit. JiHslieries. Food Preserva- 
Uoa Catering. Brewing. Wines and Ciders. Mineral Watera 
Tea. Coffee. Chocolate. Cocoa. 

Group 17. 

Ideas. Patents. Applied Education. 

Ideas. The Power of Ideas in Life. Bruins in Business. 

Patents and Inventions. How to Protect an Idea. 

Applibd Education. Appllcktiou of Education in Daily Life. Finance. 
Ouuup 18. 

Languages. 

Bow to Btudy a Language. Courses iu Latin, Biifflish, French, Oerinau. 
Spanish, Italian, Esperanto, Greek. A Table of Root Words. 

Group 19. 

Literature. Journalism. Printing. Publishing. 
Libraries. 

LiTKnATUKK. A Survey of the WorUl's Great Books and their Writers. 

poetry. Classics. Fiction. Miscellaneous. How to Read and Write. 
Jot it.NALisu. A Guido to NowBpai>er Work, with Practical Training. 
pHtNii.vu. Ckimposing by Hand and Marblne. Type Cutting and 
Founding. Engraving and Blocks. Bookbinding and Publishing. 
LiBitAuiEa Offlcfals and Management of Libraries. 

Group ao 

Materials and Structures. Leather. Wood Working. 

Materials. The Chagactoristics and Strength of Materials. 
HrnrcTUREB. The Stability of Structures. 

Lkatiirk. l^Htlier Industry. Leather Beltn. Boots and Shoes. 

Snddlery and Harness. Gloves. Sundry J^ent her Go<^h 1 s 
Wood Wourino. Design and 0)«eration ox Wood Wuikiug Machinery. 
Wootl Turning. Miscellaucous Woodwork. 

Group ex. 

Mathematics. 

Matiikmatics. Arithmetic. Algcbia. Geometry. Plane Trigouomet ry. 
Coiiie Kectiona 

GiiOi p aa 

, Music. Singing. Amusement. 

Music. Musical Theory. Tome »olfn. Tuition iu all Instruments. 
Urchestratiou. Conducting. Dell Ringing. Manufacture of 
Musical Instruments. 

SiNui.Mi. The Voice and Ita Treatment. 

Ahuskmkmt. Drama and Htagv, including Elucutloii. Uusineu side of 
Amuseiiiciit. Sports Officials. 

GROUP 93 . 

Natural History. Applied Botany. Bacteriology. 
Natural Products. 

Natural History. BoUny; Kingdom of Nature— its Marvels, Mrch- 
ttiii'.ni, and R< icauce ; Flowers, Phiiits, Beede, Trees. Ferns, Musses, etc. 
liiHih'gy Animals, Birds, Fishes, Rratilee, Insects. 

ApplikuDotanv. TobarcoJt Tobacco Pipes. Forestiy. RubberandOutta 
Pcrclm. Basket and Druah Making. Cone Work. Jtorks(Cork, tNatile). 
Bactkkiolooi. Pathological and Economic. 

Nak UAL PiioDucTS. Soui'ces. Values. Chiltivatlon. 

Group m. 

Physics. Power. Prime Movers. 

Fbysios. a Complete Course in the Science of Matter and MoMou. 
Power. A General Survey of Power. Natural Sources. Lniuid and 
Compressed Air. 

PniMB M overs. Engines. Steam. Gas. Heat. Turbines. Windmills. 
Group 9$. 

Physiology. Health. Ill-health. 

Physioloot. Plan of the Body. Digestive. Circulatory. Respiratory 
Locomotor and Nen ous Systems. The Sensea. 

Healtu. The Five Laws of Health. Personal Hygiene. Environment 
State Medicine and the Public HeMth. 

Ill-health. General Ill-health. Its Special Forms. Common Ail- 
ments and Domestic Remedies. 

Group e 6 . 

. Business Management. Publicity. 

PractiPijl Guide to the Keening of all Kinda of Shops. 
INAGBMBNT. The Applicatiou of System in Huai ness. 
Advertising from all l^iiiits of View As a Business 
Group st. 

^ Shorthand and Typewriting. 

Shoktuand. Taught by Pitmans. Tvpbwritino. Working and 
Management of all Machines. 

Group eB. 

_ Textiles and Dyeing. 

Textiles. The Textile Trades from Beginning to End. 

Di EiNO. Dyes and Tueir Application. 

Group m 

Travel and Transit. 

Tratu. How to Bee the World. The Businesa Side of TravsL 
Transit. A General Survey of Means of Communication. 

YBHicLxa. Construction of Air. Loud and 8«a Vehlclea. Buoiasss of a 
Uverymau, Carrier, etc. Driving. 

Rsilwats. The Management and Control ef Railways. 

S«irt. Shipbuilding. Shipping. Management of Bhipo, 


Shopkeeping. 

SUOPREBPIKO. A 

Business Management. 
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THE STATE LADDER OF LEARNING 

III." OPPORTUNITIES FOR GIRLS IN THE BRITISH ISLES 

By W. H. Stuabt Gabkett 


IT has only of late years been fully appreciated 
^ by the British nation that the education of 
iM^omen m a matter of no less importance to the 
pabHo than that of men. Ei^land has, perhaps, 
taken a longer time to realise this truth than 
have the sister kingdoms, and it was not imtil 
State provision had been made — by the Act of 
1870— -for the elementary education of children 
of both sexes on equal terms that any really 
serious attention was devoted to the secondary 
education of the daughters even of those parents 
who spent large sums to secure a public school 
education for their sons. 

The somewhat tardy recognition of the need 
was, however, followed by strenuous endeavours 
for its relief, and the outburst of energy in the 
matter of providing schools for girls which 
marked the latter half of the nineteenth century 
has made it possible to say that an excellent 
elementary and secondary education is now' 
within the reach of every girl in the United 
Kingdom, and that a university career is open to 
all girls of talent and determination. The 
conditions governing the education of girls in 
the countries of the llnited Kingdom vary 
considerably, on atjcount both of the diverse 
legislative enactments on the subject now in 
force, or recently abrogated, and of the variations 
of the social conditions in the different districts. 

The Mediaeval Syatem. In England, 
more than in the sister kingdoms, the conditiors 
of education of boys and girls are markedly 
differentiated by reason of the disparity in the 
endowments devoted to the support of educa- 
tional institutions for the youth of either sex. 
This disparity is no doubt due to the tradition 
that girls should be trained at home, a tradition 
dating back to the fourteenth century, when the 
girl plied her distaff under her mother’s eye, 
while her brother studied the courtly virtues in 
the castle of his lord, until in due time his 
master conferred on him the knightly accolade 
instead of the more modern diploma or degree. 

The tradition has come down to modern 
times, and the girl of to-day suffers from the 
prejudice of pious founders of the Middle Ages, 
and their ungallant devotion of their funds to 
the exclusive use and maintenance of the youth 
of their own sex. On the other hand, the girls’ 
school is free from the mediaeval traditions which 
bind the public schools of Great Britain. Ihe 
far smaller expenditure of the girls’ school on 
games and playgrounds and the lower salary 
required by the schoolmistress than by the 
schoolmaster combine to reduce the cost of 
female education, and to compensate the dis- 
abilities of girl students arising from lack of 
educational endowments. The paucity of en- 
dowed schools has itself, to some extent, 
furthered the cause of education. It has been 
impossible for boys* schools, when the property 
of a private company or individual owner, to 

* Bee previous artiolea on pages 481 and 1777. 
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compete witli the large and wealthy institutions 
with which England abounds. The private 
school has nearly always succumbed, and the 
consequent absence of serious competition has 
made possible the survival, in public schools, 
of me^seval and unsatisfactory method of 
education. It may therefore be said that, so 
far at least as scientific and methodical teaoMng 
is concerned, the education in the first grade 
girls’ schools of England is at least as good as 
that obtainable in the venerable institutions 
where the boys of the country are trained in the 
way they should go. 

The State School System. In Scotland 
and in Wales, secondary education has been 
for some time, as it now is in England, 
the duty of the local education authorities. 
Secondary schools are conducted in Wales by 
the county councils, and in Scotland by the 
school boards, and conducted with excellent 
results. We have not, in the appended tables, 
mentioned any but the largest of the Welsh 
mixed county schools, and of the high schools in 
Scotland. All of these may. however, be trusted 
to furnish an exceedingly good education at a 
low cost to the paient. The county schools now 
lacing started in various parts of England have 
not been included, partly for the reason that it 
is difficult to estimate fairly the merits of insti- 
tutions so new as to be almost experimental, 
and partly because the numerous and excellent 
girls’ schools established in England, before the 
Education Act of 1903 enabled the county 
councils to build and maintain the present 
county schools, render the latter a much less 
essential part of the scheme of national education 
in England than of the Welsh or Scottish 
scholastic system. 

Education of Girla in Ireland. The 

conditions of education in Ireland are very 
much the same for girls and for boys. State 
aid is granted to all efficient secondary schools,^ 
largely on the results of examination of the' 
scholars. The principal Protestant secondary 
schools are the property of companies or of 
private individuals, very much as in England. 
On the other hand, the education of girls belonging 
to the Catholic Church, like that of the boys, is 
pracipally in the hands of religious societies. 
The ifrBuline order deserves special credit for its 
excellent educational work. 

The teaching of children by members of a 
sisterhood, who work without remuneration, 
makes it possible to obtain an excellent education 
at a cost phenomenally low. There is probably 
no part of the British Isles where so good an 
education is within the reach of the very poor as 
in the south of Ireland. On the other hand, 
while the merits of the system are worthy of 
attention, it must be reoD^ised that it has the 
effect of inducing a nuralier of the pupils— and 
these commonly the ablest and best girls in the 
school — to take the vows of celibacy, a condition 
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LEADING SECONDARY SCHOOLS FOR GIRLS IN ENGLAND 

COUNTY. 

SCHOOL. 

ANNUAL FEES. 

Number akb Annual VAt.UB of 

SOHOLABSBIPB ANNUALLY AWARDED 









Day Pupils. 

Boarders. 

AT School. 

ASTER LB^viNa. 

Bedfordshire .. 

Bedford High School 

£9— £12 

£65-H»0 

3 free' 

£25, and £60 


Bedford Modern School . . 

£4 

£45 

1 free 

1 free to High 






School 

Berkshire 

Beading High School 

41—15 gs. 

644—75 gs. 

None 

None 

Buokingliam* 

shire 

Cambridgeshire 

Wycombe Abbey School . . 

None 

£105- £120 

3 of £30 

None 

Perse High School for Olrls, Cam* 

£6— £15 

36—50 gs. 

None 

2 of £37. 10 

bridge 



for 3 years 

Cheshire 

Birkenhead High School . . 

10 gs. to 
£16. 10 

Jione 

1 of £15 

None 


Queen’s Schooh Chester 

£«— £16 

£.56— £63 

9 free 

1 of £30 


High Schooh Macclesfield . . 

3 — 10 gs. 

None 

3 of fees 

None 

Cornwall 

High School, Truro 

44—161 gs. 

None 

None 

None 

Cumberland . . 

Carlisle High School 

10 gs. to 
£16. 10 

None 

1 of £15 

None 

Derbyshire 

Derby High School. . 

0—15 gs. 

£50 

3 ut £10 

None 

Devonshire 

Bxeter High School 

6 gs.— £15 

56—64 gs. 

None 

None 


Plymouth High School 

12— ISgs. 

00—06 gs. 

None 

None 


Bevonport High School 

9—15 gs. 

£47. 5 



Durham 

Gateshead High School 

10 gs. to 

None 

1 of £15 

Occasionally 


£16. 10 



1 of £10 

GloucestersiiJre 

Cheltenham Ladies* Colioge 

12^-24 gs. 

62 — 94 gs. 

1 of £25 

1 of £26— £45 



and others 


Clifton High School 

£l2-£24 

£77— £89 

None 

None 


Redland High School, Brietoi 

9 — 15 gs. 

49—58 gg. 

4 of £15 and 

None 


others 


Hampshire 

Bournemouth High School 

2—6 gs. 

48 gs. 

U of £5— £30 

Biennially 1 of 
£30 

1 of £40 


WlneViester High School . . 

7J— IH gs. 

l64-'L7.i gs. 

Home 15—30 gs. 
for boarders only 



Portamouth High School . . 

10 gs to* 
£16. 10 

None 

• 1 of £15 

None 

Here! urdsiiire . . 

Hereford High School 

6 -I5gs. 

42—57 gs. 

None 

None 

Hertfordshire . . 

Berkhamstod High School 

£8— £10 

£58— £60 

4, part or w'hule 

None 




fees 



Church High School, St. Alltnns . . 

9 -18 gs. 

None 

None 

None 


Christ’s Hospital, Hertford 

None 

A free board* 

None 

None 

Kent . . 



ing school 



Girls' Grammar School, Kuclicster 

£8- £10 

None 

Several free 

None 


Tunbridge Wells High School 

10 gg. to 

None 

1 of £16 and 1 

None 


£16. JO 


of £4 


Lancashire 

Bolton Higli School 

6—16 gs. 

None 

None 

Biennially 






1 of £35 


Merchant Taylors' Girls’ School, 

£8— £10 

£22— £40 

Several free 

1 of £40 


Gt. Crosby 

Bast Liverpool High School 

lOgs. to 
£16. 10 

None 

1 of £15 

None 


Liverpool Inst. Hlgii School for 

£4. 16 to 

None 

Several free 

1 of £36 


Girts 

Ogs. 





Liverpool High School 

10 gg. to 

None 

1 fit £15 and 

Tricnnlally 



£16. 10 


1 of £6 

1 of £40 


Manchester High School for Girls 

12 gs. 

£57 12 

16 free 

6 of £26— £50 

Leicestershire. . 

Wyggeston Girls’ School, Leicester 

1 

1 

None 

30 free 

£50 and £30 

Lincolnshire .. 

Girls’ High School, Lincoln 

£5— £8 

£33— £49 

20 of £10 

1 of £100 

London 

North London Collegiate School 

18 gs. 

51 — 63 gs. 

12 of £20 and 

1 of £50 


for Girls, Camden ^own 

4 of £10 


The Camden Sdiool for Girls 

»g». 


6 of £15— £20 

2 of £20 


Blaokheath High School . . 

10 gs. to 
£16. 10 

•• 

2 of £15 

None 


1 Haberdashers’ School, Acton 

5—9 gs. 


Numerous, 14 gs.. 

Variable, £80 to 





etc. 

£80 


Mary Bachelor Girls’ School, 

logs. 

46 gs. 

8 free, 3 of £20 

8 of £20 


Camberwell 

and others 

and occasionally 






1 of £60 


Central Foimdation School for 

8 gs.-£5 


Numerous free 

2 of £50 


Girls. mahoDSgate 

Gi^ of London School for Girls, 
Bmbankment 

9— 12gs. 

•• 

and others 

7 of 10 gs.— £40 

2of£50 
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LBABINa SEOONDABT SCHOOLS FOE GIBIiS IN ENGLAND— oonttomd 


OOOSTT. 


Itondon-— «ontd. 


Some other 
schools in 
the London 
County 
Ck>uneil area 
are placed 
under 
their 
Counties 


Middlesex 

Norfolk 


Northampton* 

•hire 

Northumber* 

land 

Nottingham- 

shire 


Salop . . 
Somersetshire 
Staffordshire . . 


See also under 
Lcmdon 


SuMex 

Warwiokahire. . 


SCH.OOL. 

— * 

dapham High School 

Dulwich High Scho<yi 

James Allen's School. Dulwich 

Boan School, Greenwich . . 

Lady Holies' School, Hackney 

St. Paul's Girls' School, Ham- 
mersmith 

Hampstead High School . . 

Aske's School, Hatohani . . 

Dame Owen's School, Islinghui . 

Maida Vale High School, Elgin 
Avenue 

St. Mary's (Jollege, Paddington . 

Putney High School 

St. Saviour's and St. Olave’s 
Grammar School for tltrls, 
Southwark 

Skinners’ School for Girls, Stam- 
ford HiU 

Streatham Hill High School 

Sydenham High School 

Grey Coat Hospital, Westminster 

Coborn School f<»r Girls, Bow ’ . . 

High Hchot»l for Girls, Tottenhain 

Norwich High School 

Thetford Grammar School 

The High School, Northampton , . 

Central Newcastle High School for 
Girls 

Queen Elizabeth’s Grammar School 
for Girls, Mansfield 
Nottingham High School . . 

Queen Anne's School, Oaversham 

Oxford High School 

Shrewsbury High School . 

Bath High School 

High School, Burton-on-Trent 

Croft School, Betley 

Endowed School for Girls, Ipswich 

St. FeUx School, Southwold 

Croydon High School 

The High School for Girls, Guild- 
ford 

Tiffin's Girls' School, KingsUm- 
on-Thames 

The High School, Surbiton . . 

Sutton High School 

Wimbledon High SdK>ol . . 

Roedean School, Brighton 

Edgbaston High School for Girls, 
Birmingham 

The King Kdward's Grammar 
Schools, Camp Hill, Ast(mt *nd 


NVlfBBR AKB AmrtTAL VAltTI Of 
SOROlAKSHIPg AKHUAU.T AWABDID 


Day Pupils. 

Boabpsrs. 

10 gi. to 
£167 10 

• • 

10 gs. to 


£16. 10 


8 gs. 


6gs. 

None 

£4— £6 


£21 

£06 

10 gs. to 
£16. 10 
0—9 gs. 


10 gs. to 
£16. 10 

10 gs. to 
£16. 10 

None 

10—24 gs. 

£75 

10 gs. to 


£16. 10 
£6 

Boarding 

houses 

licensed 


6—9* gs. 

by the 
Council 

10 gs. to 
£16. 10 

are 

attached 

10 gs. to 
£16. 10 

6 gs. to 
£6. 15 

to many 
of tiie 
High 
SchfMils 

4 gs.— £6 


6— 12gs. 

None 

10 gs. to 
£16. 10 

None 

£6 

£41 

£5. 14 to 

None 

£7. 16 

10 gt. to 

None 

£16. 10 

0 £0 

an IS au 



10 1 ^. to 

None 

£16. 10 

£9— £12 

£38— £40 

logs, to 

None 

£16. 10 

10 gs. to 

None 

£16, 10 

10 gs. to 

None 

£16. 10 


£8 

None 

None 

100 gs. 

£5— £6 

£24. into 


£27 

21—27 gs. 

£99~£105 

10 gs. to 

None 

£16. 10 

9— 15gs. 

None 

£6 

None 

9—15 gs. 

None 

10 gs. to 

None 

£16. 10 

10 gs. to 
£16. 10 

None 

None 

£180 

12—18 gs. 

£66— £72 

£4. 10 

None 


2 of £15 
and others 
2 of £16 and 
2 free 
6 of £13. H 

Numerous 

a free 

80 free 

1 of £15 

1 of £20 and 
many others 
1 of £15 


1 of £30 fur 
2 years 
1 of £15 

£13, £1S. and 
usual ilO 


1 of £15 
and 1 of 7i gs. 
1 of £15 

Largely free 

Numerous free 

S»)me free 

1 of £15 

S of £6 

None 

1 of £15 

8 of half fees 

1 of £15 

Numerous 

1 of £15 and 
1 of £10 
1 of £15 

1 or 2 of £16 

2 free 
None 
16 free 
None 
1 of £16 
None 

Occasional 

None 

1 of £16 and 
1 of £6 
8 of £16 and 
1 of £10 
1 of £80 and 
others 

2 of £4. lB-£8 
4 of £6— £12 


1 of £46 for 8 
years i 
Variable, £80 to 
£60 

Variable 

None 

Variable 

None 


None 

None 

Variable 

1 of £60 
None 
None 

I 

1 

4 of £20--£a0 

Various, under 
revision 
None 

None ^ 
None 
None 
1 of £20 
None 
Variable 
None 
None 
None 
1 of £60 
None 

2 of £10— £20 
None 

Trlennially 
1 of £80 
None 

None 

None 

None 

None 

None 

None 

1 of £80 
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^ AT Scnmoxu 

Arm laaigp^ 

Warwlolnhlre. . 

lUng Sdward'f HlSb Bcbooli, Kew 
Street, sad Su^er HUl, Blr- 

£12 

Kone 

4 of £10— £20 

*1 o^£80 


iiy|lnghk,m 

The xWf High Sobool, Wsrwlek 

£6>-£8 

£60-^3 

Several free 

lof £50 

WMtnorlsnd . . 

The High school, Kendal . 

9»lftg8. 

None 

None 

None 

Wiltshire 

Godcdphla School, SaUebury 

12— —18 gl. 

£75— £96 

’ 6, pert f eeB 

Ndne 

Woroefterthire 

Woreeeter High School for OIrU 

9-— 15 gB. 

None 

8 of £16 and 
others 

1 of £40 

YorhiMre 

Bariuler High School for Glrle 

£7. 10 

None 

County Bchools only 


Bradford Girli* Grammar School 

a— 15 gfi. 

None 

Some free 

Variable 


Leedi High School 

6— IS gl. 

•• 

18 gB., £5— £10 
and others 

None 


SheSleld High School 

10 gB. to 
£16. 10 

None 

2 of £15 

None 


Grammar School for Girle, Skipton- 
in-Oraven 

£6—10 gB. 

£45-£40 

Several half fees 

None 


Wakefield High School 

£6— £12 

£40— £50 

12 of half fees 

2 of £50 


York High School 

10 gB. to 
£16. 10 

None 

1 of £16 and 
some free 

None 


The Mount, York 

None 

57 gB. —63 gB. 

Kestricted 

• • 


LEADING SECONDARY GIRLS* SCHOOLS IN SCOTLAND, IRELAND, ft WALES 


SCOTLAND 

Bdlnburgh 

Edinburgh Ladies* College 

2i gB.— £12 

None 

Very numerous 
and valuable 
Ditto. 

1 of £25 and 
others 
Ditto. 


George Watson’s Ladies* College 

Ditto. 

Ditto. 


St. (George's High School . . 

10| -221 gs. 

None 

None 

None 

St. Andrews . . 

St. Leonard's 

16— 27g8. 

£82 -£112 

6 of £20 

1 of £30 and 

Glasgow 

GarnethlU High School 

£1. 10-6gB. 

None 

20 free 

others 

None 


Hutcheson’s Girls' Grammar School 

£1 10 -£6 

None 

Very numerous 

Several of £10 

Aberdeen 

The High School 

£2— £8 

None 

2 of £12 

1 of £10 

IRELAND 

Dubttn.. 

Alexandra School . . . . 

£9— £11 

£57— £69 

4 of £10 

2 of £10 


Alexandra College 

£17— £24 

£82 

17 of £10 

1 of £10 

Cork . . 

8t. Angela's High School . . 

£3. 2—6 gs. 

None 

None 

1 of £20 


Ursullne Convent. Blackrock 

None 

£80— £38 

None 

1 of £20 

Belfast 

Victoria College 

4— 12g8. 

£35— £48 

None 

None 

Londonderry . . 

Strand House School 

2— 8gs. 

£32— £40 

Several £8— £9 

1 of £105, 2 of 
£800 and £90 

Honeghan 

St. Jxmis Convent 

8gs. 

£20 

3 of £15— £30 

WHALES 

Denbighshire . . 

County School, Wrexham 

7gs. 

£34. 7 

Several free 


Glamorganshire 

High School for Girls, Swansea . . 

£6. 10 

£88 

Several free and 

Triennially 

Howell's School, Llandaff . . 

£8 

£28 

others 

7 of £28 and 

1 of £25 
Several of £40 


County School, OelUgaer . . 

£4 

None 

others 

Numerous free 

None 

Monmouthshire 

Intermediate School, Cardiff 

£7. 10 

£49. 10 

26of £3. 15. and 

5 of £20 


Intermediate School, Newport 

£9 

None 

24 of £17. 10 
County scholar- 
ships 

lof £20 


County School, Pontypool 

£4. 10 

£80 

£5, part fees 

• • 

Montgomery- 

County School, Newtown . . 

5 gs. 

None 

11 of 5gi. 

None 

shire 







which can oidy be deplored in the interests of 
the nation. 

The universities of Scotland, Ireland and Wales 
now place women students on the same footing 
as men, so that it is unnecessary to add anything 
hese to what wehaye already said on the subject 
of iwivefsity institatioos in these parts of the 

jtm 


Kingdom [see pi^ge 1782 ]. The same course is 
adopted ^the more reoentlv constituted univer- 
sities of ^igland, but the oldw universities still 
decline to admit women to membership, or to 
confer degrees upcm them. Oxford and Cambridge 
have, however, so far moved with the times as to 
permit wonm students of the neighbouring 







IXAIHNS SCSOOLS OF DOKESTIC ECONOMT AND COOKERY IN ENGLAND 


' SOBOiXk 

Annual Pxi. 

EXMAXU. 

Pdbrtwdmle 

£8— £55 

Day olaisea 

iouth-Wsstirn PDlytedmlc, Chsites 

5s.~i8 

. . 

KortbeA Polyteehnio, IiUngton 

£24 

Day classes only 

Norwood Teelmleal InstiUite, Lambeth 

£1 

.. 

N 9 rthaiiipton Institute .. 

tow 

Hay school only 

Paddliufton Teohnleal Institute . . 

80s.~£8 


Shoredttflb Teohnloal Institute .« 

80s.— £3 

.. 

National Training School of Cookery, Westminster . . 

6d.— £40 

A school for artistic 

Frovzkoss : _ 

Dorset School of Doi\estic Sconomy and Cookery, Dorchester 

i— 1| gs. per subject 

work 

Boarders £80 

Municipal School of Technology, Manchester 

1—5 gs. jier subject 

4 4 

Harris Institute, Preston 

2t. 8d.— 5 gs. 

Day olaases 

School of Domestic Science, Llver(HK)l 

Low 

.. 

School of Science and Art, ('hestcr 

3s. 6d — 8s. fid. 

Da> classes 

School of Domestic Economy, Exeter * . . 

1—2 gs. 

• • 

Gloucester School of Domestic Science, Gloucester 

LoU‘ 

.. 

Municipal School of Domestic Science, Bristol . . . . . . 

15—30 gs. 


Springliill Domestic Economy School, Bromley 

Free 

Day classes 

Shropshire Technical School for Girls, Badbrook 

£40— £60 

A boarding oollagfi 

Northern Counties Training School of Cookery, Ncweastle-oii-T^nc 

£7— £30 

.. 

Northamptonshire School of Douiestlc Economy 

Low 

. . 

Municipal School of Scionco and Technology, Bitgtiton . . , . 

15s - 15gs. 

Day classes 

Training School for Teachers, Birmingham 

11 gs £20 

Day classes 

Municipal Technical School, Halifax 

li~12gs. 


Municipal Technical School, Hull 

8 15 gs. 

Day classes 

Technical College, Huddersfield . . . 

1 U gs. 



UNIVERSITY COLLEGES FOR WOMEN IN ENGLAND 


In Scotland. Ireland and Hales Uut^eraltias are open to buth sexes, as also some newei universities In England 


Town. 

College. 

Fbas 

MiNiBirM Cost. 

Scholarships. 

Oxford . . 

Somerville College 

£87 -i03 

£100- £110 

Several of £26-£60 


Lady Margaret Hall 

£93- £103 

tiro- £116 

4 of £25- £50 


St. Hugh’s HaU .. 

£08 -£103 

£110 

1 of £35 


St. Hilda's Hall . . 

£93— £101 

£jin 

2 of £30 and £40 

Cambridge 

Newnham College . , 

£90- £105 

Out 'Students. £80 

£100^ £116 

fi of £50 and others 


Oirton College 

£106 

£110 £125 

fi of £80— £60. 
ocoaslonallv £88 

Englefleld Green 

Royal Holloway College . . 

£90 

£110 

25 or more of £30 — £60 

London 

Bedford (*ollege . . 

£89 5- £121 15 
Course from sj gs. 

£100 £120 

Under revision 

1 


coJ^es and halls, here set out, to sit for the 
university examinations, and to appear side* 
by side with the graduates in the resulting 
lists. 

It will be noticed that, in spite of the endow- 
ments of the men*8 colleges, it has been found 
.possible to provide university education for 
. women at a lower cost than that at which it is 
avaflable to men. Holloway College for women 
4s ncher in schdarships in proportion to the 
nmnber of students than me any of the ladies*. 
ooDcfes at Oxford and Cambridge, and oompares 


very favourably with the older institutions ot 
these universities. On the whole, although the 
smaller number of institutions open to women 
makes it a little harder for them to procure a 
free university education than it is for men, still 
the competition is less — ^a university career is 
attractive only to the minority, and for the 
majority ample jHrovision is made in the domestic 
economy schools set out in the table-HBo that it 
is fair to say that such a career is now open to 
every girl who is willing to make some effort for 
the remimtioii of her ambition. 
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beeUas arealao aquatio, spiiming round and round 
by meana of ^ their second and third pairs of 
which are broadened into beautifmly-con- 
structed paddles. Some of the water-lovers 
{Hffdrovhuidm) are also aquatic, the best known 
bflmg tne^great black water-beetle (Hydrophiln^ 
fioeusU our largest native fresh-water form, 
whichr surrounds its ^gs with a pear-shaped 
silken cocoon [488]. &e adult is not a par 
ticularly good swimmer, and carries the air 
necessary for breathing partly under the wing- 


natuhal HiiTORv 

correlated with the conspicuous warning 
colouration. 

While the members of the last family are 
friends to the human species, exactly the oppo- 
site is true of the small beetles called DermtdUn, 
widely distributed forms, of which the voracious 
laryfiB devour articles of food, clothing, etc., 
as in the fur beetle (Denmdes mlpinua)^ bacon 
beetle (Dermtstts lardarius)^ and horsehair beetle 
(ArUhrentis fMciatua), 

The greater death-watches (species of Ano- 



covers and partly sticking to the hairy 
under-surface of the body. 

Carrion Beetlea. Among the 
carrion beetles, the eggs are deposited Female 
in the dead bodies of various small 
animals. Burying beetles (Necro- 
phorus) dig away the earth from under carcases 
used for this purpose, and ultimately succeed 
in entirely removing them from sight. Many 
members of the family are blind cave-dwellers. 
The rove-beetles possess very short wing- 
oovers, and usually an elonga^ 
abdomen, which can be turned 
up like the tail of a scorpion in 
the familiar devil’s coach horse 
(Ocypus olens), and is used for 
foldi^ the hind-wings. Many 
species of the family live in ants’ 
nests, and more will be said about 
them elsewhere. 

Ladybirds. The pretty little 
ladybird, red in colour with black 
spots, lay their eggs on various 
plants, and the larvie which hatch 
out devour plant-lice, scale insects, 
and other pests, in a wholesale 
manner, llie adults are unusu- 
^y free from the attacks of 
insectivorous animals, probably 
OT*ig to tlwir odour «■ Jj";, .t.^ 

ana taste, properties which are larva e. f 


Female Mule 

486. GLOW-WORM 


488. LIFE HISTORY OF 
SITABIS 

a. Larva b. Floating Ntage 
e. Keating stage d. Second 


487. BOMBARDIER BEETLE 

hium) apjiear to make some, at 
Mule of the mysterious tickings often 

-WORM heard in old houses, and the holes 
in worm-eaten wood are due to 
their ravages. One species (AmMum paniceum) 
is the insect found in weevily biscuits, but 
is somewhat catholic in its tastes, and in 
the larval stage is credited with being the 
“ book-worm ” that does so much damage in 
libraries. 

Fireflies and Glow-worms. 

^ Fireflies and glow-worms have long 
attracted attention on accoimt of the 
light they emit. In the Italian firefly 
{Luciola Ualica), the males are by 
kr the most brilliant, and fly about 
together in the evening in largo 
numbers, scintillating like so many 
tiny lamps. In this case there is 
some doubt as to the use of the 
illumination. The source of light* 
in our native glow-worm (Lampyru 
noctiluca) [ 48 ^, on the other hand, 
is the wingless frmale, which doubt- 
less attracts a mate thereby. Pro 
ITOBY OF bably the same is true of the 

® railway beetle of South America, 

which is so called because there 
*/.* Adult is R red light at each end of the 
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mi a series oi mailer green onee along 
eaea ekb. 

l*ke oBok-beetJes are aide to spring m a some- 
w)iat curious way il iliey himen to fall on 
t&dr baoks> by suddenlv bencung the body, 
when a cai^us peg^iiiia-catoh mechanism is 
brought into play. %ke larvw do much damage 
to the roots of various crops, and are known 
as ** wire- worms’* [see pages 1606-7]. Some 
American forms (Pyrophorus) give out a strong 
and are used by the natives for practicid 
and ornamental purposes. 

Buprestids are chiefly remarkable for the 
great beauty of some of the 
tropical species, of which the 
thick investments shine with 
a metallic lustre. Some of 
the bright green Indian kinds 
IjStemocera) are largely em- 
ployed for decora- 
tive purposes, the 
wing - covers in 
particular being 
arranged in pat- 
terns on various 
fabrics. Quite 
different from 
these are the 
blackish flour- 
beetles, of which 
there is one pretty 
common Britisn 
species (Tenebrio 
molitor), its grub 
being known as a 

meal-worm.** 

Bllatwr 

tlea* These are 
BO named because 
a highly-irritant 
substance can be 
extracted from 
their bodies — as 
in the typical case of Spanish 
fly (CarUham vmcatoria)^ the 
source of cantharides. The 
life-history of some members 
of this family is extremely 
interesting and complex, as, 
for example, in one particular 
species (SUaria humercdis) 

[688]^ which provides for its 
offspring at the expense of 
certain earth-dwelling bees 
(Anthophora), These con- 
struct a series of cells, 
store them with honey, 
deposit an egg in each, and then cover them up. 
Late in August the mother beetle lays her 
2,000 or more eggs near the openings of the bees’ 
nests, and some four weeks later these hatch 
out into little black larvsB (a) of peculiar appear- 
ance, which remain in a sort of winter sleep 
till the following April or May. They then 
wake np, and hoQ on to any ha^ insects that 
come wi^in their reach, most of them no doubt 
gdng fatally astray ; hence the necessity for so 
many eggs. Let bs follow the fortunes of a 
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440. HSAD OF 
BUTTERFLY 
a. Anteunte ft; Eye 
e. Proltoacie 


441. SCALE 
FROM 

butterfly’s 

WING 



sucdctsfui larva whicb hss olitiibed on iO ttio 
body of a female bee ef the right iqpeoies. Alter 
a time the bee will lay a floatihg egg In a cell 
previously stored witn honey, and the larva 
seises the opportunity to slide down on to the 
edible raft, which smryes as a source of Jood 
for about a week. • 

When the egg diet is exhauBed, the Uoya sheds 
Its skin and ^cornea a sort of bag (6) which 
floats about in and absorbs the honey, which 
provides rations for some forty days. Next* 
follows a resting stage (c), which generally lasts 
till June of the next year, when a second larval 
st^e (d) ensues, which after 
two days passes into a second 
resting stage, the true pupa 
(e). SVom this the perfect 
insect (/) emerges in about 
a month. Some individuals 
hurry up their development 
so as to become adult a year 
earlier. 

Agricultural Peats. 

The seed-beetles are small 
inconspicuous forms, of 
which the larvse live in 
peas and beans, often 
damaging these crops con- ' 
siderably. Leaf- beetles 
are still more notorious 
agricultural pests, of 
vmich the Colorado potato 
beetle {Doryphora decern- 
lineata) has caused more 
than one scare in this 
country, while the greedy 
little turnip flea- beetle 
(PhyUotreta nemorum ) — 
so named on account of 
its springing powers — is 
constantly with us (see page 1667 ). Here, too, are 
included the small flat tortoise-beetles {Cassis, 
etc.), the larvee of which render themselves in- 
conspicuous by heaping up their own 
excrements on their backs by means 
of a bifurcated tail acting 
as a dimg-fork. 

The long-horned beetles 
make up a very large family 
of attractive-looking insects 
distinguished by the length 
of their antennae, and include 
some tropical species of com- 
paratively gigantic size. The 
pale gru M . possess very 
powerful jaws, and chidfly 
feed on wood. Some of 
them have been known to live in wooden 
furniture for over a quarter of a century before 
passing into the wii^ged adult form. One of 
our most elegant native species is the musk 
beetle {Aramia moschata) [442], with a metallic 
sheen, and ^th an odour n^oh has been 
variously compared to roses, musk, and sweet- 
brier. its larvae live in the wood of willows. 

The long-snouted vegetarian weevils include 
a host of small beetles, the ravages of which 
are only too familiar. Our native nut- weevil 


442. MUSK-BEETLE 


8TYLOF8 

ft. Hlnd-wlng 
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446. PRIVET HA WK-MOTII 
CHRYSALIS 
a Larval oast skin 
( Photo by Prof. B. H. Bentlo) ) 


L GRAIN-WEEVIL 
Pupa 6. Larva 

glandium)^ for 
example, deposits its eggs 
in hazel nuts and acorns, within which 
the larvsp find an abundance of nourishing 
food ; while the larvfle of grain-weevils (species 
of Ccdandra) [444] are extremely destructive 
in granaries (see page 1668). 

The female of the birch-weevil 
{RhynchUes hetulce) is remarkable 
for the artistic wajy’ in which she 
cuts and rolls up birch leaves into 
elegant cases, wherein to deposit 
her eggs. 

Bark-beetles are very destruc- 
tive to the bark and wood of dead 
or unhealthy trees, the tunnels 
driven in which are arranged in 
characteristic ways according to 
the species. In a well-known 
British form (Scolytas destructor) 
the female liores a passage into a 
tree, and there lays her eggs. The 
larva which hatcnes out from each 
of these makes its own branch 
tunnel [488] and ultimately passes 
into the pupa stage, from wnioh a 
perfect insect emerges. In some 
of these forms the food consists not 
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448. COCOON CONTAINING 
CHRYSAUS OF PUSS-MOTH 
(Natural si/ci) 

SO much of wood as of a sort of mould (“ am- 
brosia ”), which is said to be actually cultivatc^d 
somewhat after the fashion of the mushroom -grow - 
ing ants. For other insects of this nature refer- 
ence should be made to the course on Forestry. 


(Maffiilfled eight tlmeit) 

Among the booties we may perhaps include, 
though they are often regarded as making 
up a distinct order {l^trepai^era), the minute 
bee-lice (Stylo pa, etc.), which also infest wasps 
[448]. The female is simply a 
wingless egg-bag protruding from 
the abdomen of a bee or wasp, 
within which she is parasitic, but 
the male possesHc^s well-developed 
hind-wings, though the front ones 
are reduced to mere vestiges. He 
leads a grown-up life of nfteen or 
twenty miniitos, devoting it en- 
tirely to wife-hunting, courtship 
and mating. 

7 . Butterflies and Moths. 

For beauty and variety of coloura- 
tion those insects are quite un- 
rivalled, and their attractive 
appearance is primarily due to 
the fact that the four wings arc» 
covered with overlapping scales of 
1411. The] 


different kinds [441]'. The mouth 
parts are specialised to constitute 
a suctorial organ, made up of the 
second jaws (first maxilkO* while 
the first and third jaws are greatly reduced. 
Each second jaw has Income* a half-tube, and the 
two are hooked together to make up a proboscis, 
sometimes of great length, which can be separated 
into its halves for cleaning purposes [440, 466]. 



nllVXT HAWK-MOTH 


PRIVET HAWK-MOTH 
OATBRPUXAR 
(Photographs by Prof. B. H. Bentley) 


Tottxe 

MALE PU8S-MOTH 
(Natural slzo) 
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MATUML HWTOliy 

1!he iife-hiBtoiy eshibito a very typical and 
familiar metamorphoaiB. From the egg [446, 
447 ], whidi is often beautifully aoulptur^ a 
larva known ae a caterpillar [450] hatches out 
possessing not only the three pairs of join^ 
tegs characteristic of the class, but also a varyii^ 
number of unjointed pro-legs terminating in 
suckers. After feeding voraciously for some 
time by means of its powerful biting first jaws, 
and undergoing a number of moidts, 
the oaterpular passes into the motion- 
less pupa stase [445, 448], here called 
a chiysalis, vmich may or may not be 
invest^ in a protective cocoon. The 
skin of the chrysalis ultimately splits 
and ^e perfect insect makes its way 
out [449, 451]. 

Butterflies [see Plate facing page 
3506] are typically distinguished from 
mo^s by the club-shaped thickenings 
at the ends of their antennas, and by 
the fact that when settling the wings 
are folded together over the back. In 
moths the antennae may be of various 
form, but very rarely club-shaped, and 
the rest-position of the wings is hori- 
zontal t«®] or sloping downwards, 
while in some instances they may be 
more or less wrapped round the body. 

Egg-Laying Habits. The eggs are de- 
posited on various plants, singly or in small 
batches, as a rule, tliough exceptions to this are 
afforded by some species, such as the tortoiseshell 
butterflies [446], where a largo number of larvae 
live together in a sort of colony. It is an extra- 
ordinary example of instinct that the mother 
butterfly or moth should invariably lay her eggs 
on plants suitable for food for the caterpillars, 
as her own feeding habits are entirely different. 
There is no maternal 
solicitude, except per- 
haps in the egger- 
moths and some other 
kinds which cover 
their eggs with hairs 
detachm from their 
own bodies. 

Caterpillars. 

Caterpillars make a 
very interesting 
study, their varying 
forms and characters 
being largely of pro- 
tective nature; such 
are the numerous 
stiff bristles covering 
many of them [452], 
which can some- 
times inflict painful 

or even poisoned wounds. 
generaUy treated with respect by insecti- 
vorous birds, but cuckoos seem proof against 
indigestion, and eagerly sna]> up caterpillars 
which other species reject. In many in- 

stances, their colour and shading are such 
as to harmonise with surroundings, and 
make them inconspicuous, while different 

tints may be assumed by the same kind 
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452 OIPSY-MOTH 
CATERPILLAR 



458. STICK-OATERPILLARS 
(Photograph by Prof. B. II. Bentley) 

These kinds are 


of caterpillar when feeding on the different 
food-plants which form its diet « 

Very extraordinary are the larvae of the loopers 
or i^meters, socaJl^from the looping nat^ of 
then progression, due to the abskioe of limbs, 
except near the two ends of the body. Th8y are 
often known as “ stick-oatgrpillm, * and when 
alarmed commonly hold on to twjgs means of 
the last pair of pro-legs (claspers), and bend out 
their body obliquely, so as to look like 
branches [458], a delusion favoured by 
their colour. IRie muscular exertion 
involved is in many instances relieved 
by the spinning of an almost invisible 
girdle of silk. 

Warning by Colour. Some of 
the caterpillars which posseas an un- 
pleasant taste are extremely conspicu- 
ous, their warning colouration securing 
a large share of immunity from attack. 
A good example is afforded by the 
larvee of the cinnabar-moth {CalU- 
morpha Jaccheoe), which are marked 
with alternate black and yellow rings. 
It has been shown by experiment, for 
instance, that newly-hatched chicks 
reject them after the first trial, 
which is followed by obvious marks 
of distaste. After having learnt this 
lesson, a chick will avoid meal placed on a 
glass slide, to the under side of which is pasted 
a strip of paper painted with the cinnabar- 
caterpillar’s coat -of -arms. 

Curious warning attitudes are assumed by 
some caterpillars when alarmed, one of the most 
remarkable cases l)eing that of the puss- moth 
{Cerura vinula) [468], which contracts its front 
end to look like a grotesque mask, and shoots out 
a pair of whip-Hke pink threads from the tip 
of its tail. It can 
also squirt out a 
highly irritant fluid 
from a pore below 
the mouth. The 
caterpillar of the lob- 
ster-moth {Stauropm 
fagi) is also a weird- 
looking creature, 
which, in its warning 
attitude, looks like 
a combination of a 
spider and an earwig. 

The Caterpillar 
at Home. Some 
caterpillars escape a 
good many enemies 
by the sheltered 
nature of their homes, 
as, for example, wood- 
boring fonns, such as those belonging to the 
goat-moth (Coasua ligniperda)t which tunnel the 
trunks of willow and elm, and remain for four 
years in the % larval stage. In other instances, 
protective cases or shields are constructed as 
a means of protection. The caterpillar of one 
species of clothes-moth (Tiriea peUioneUa), for 
example, moves about in a tube constructed 
of fragments of cloth cemented together. 
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A Similar hubit has ^ 
earned the name 
of **baaket- 
worms” for the 
larviB of certain 
\ small moths j 

(Pmjehtdee), the 
homes of which ^ 

are generally 
cylindrical cases 
mode up of bits 
of wood or similai 
substances* and 
^ ^ look very much 
like some of the 
tubes made by 
caddis-worms 
One basket worm 

constructs a spiral potash, by whi 
464 PBOTBcnvE mimicry dMiellmg, looking Durmg this p 

(Photo byi5l){ B “""itentiev) like a 8na.l protected by « 

shell, and entirely Sometimts f 
made up of closely compacted silk A some tion of the thi 
what different arrangement is found m the rather c ase there ma> 

short caterpillar of a kind of 

moth (Erastna scitula) which 3 ^ ^ 

creeps about with a dish-cover ^ "* y / 

shaped shield upon its back X, 1 y * 

[457], made out of the cover m y 

mgs of scale insects which 

have fallen victims to its ^ 

voracity, for this is cxcep 

tion to the general rule that 

caterpillars are vegetarians 

In some species — e g , the 

peacock butterfly ( Vanessa 

to) — the larvsB are associated 

together in considerable 1 

numbers, at leas+ vhen w ^ 

young, and spin a sort of I 

protective web for mutual I 

benefit 

qpK« Snnnpr LEAP BUTTERFLY 

a hard shelled, motionless chrysalis, and there mamly of silk 

are many ways in which this may be protected A great ma 
Very often, before pupation 
begms, a thick cocoon of silk ^ I 
18 spun, of which the most v | I 
famihar instance is afforded by ^1 I 
the larva (** silkworm”) of the Aj' 
silk - moth {Bomhyr mort) Mmm 

Sometimes cocoons are so MmS 

tough that provision must be 

ma^ for the escape of the BSb 
perfect msect In the emperor 457 shielded catbi 

moth (Sa^urnui carptm) it is left (shirid half 1 < ni(>v< 

opien at one end, save for the KMm 
presence of a ring of stiff. 
closely set bristles, so arranged 
that they easily piermit exit 
but forbm the intrusion of an 
enemy A still more cunous p 

method is adopted m the puss ^ 

»• iS 

the perfect insect escapes from the chrysalis, it Warning black 
excretes a conosive fluid contaming caustic the case of th 




455 PRIVET HAUK MOTH 
(Photograph by Prof B H 1 entley) 

potash, by which a part of the cocoon is dissolved 
I)urmg this process the head of the insect is 
protected by a fragment of the chrysalis skm 
Sometimes protee tion is gamed by the assump- 
tion of the thiysalis stage underground, m which 
( ase there may either be a cocoon or not The 
privet hawk moth [445] illus- 
^ tiates the latter state of 

y / things The caterpillar of 
L Jr * one of the British owlet moths 

{Brephm notha) bores mto a 
^ _ tree trunk before pupatmg, 

taking (ani to close the 
hole by spinning one 01 two 
^ silken screens to keep out foes 
I An exposed cocoon commonly 
resembles its surroundings, 
« and is thus likely to escape 
notice A good instance is 
afforded by the wood eating 
^ caterpillar of tlie goat moth, 

which at the end of its larval 
life bores its way to the sui 


466 LEAF BUTTERFLY 
(Photoffiaph by Prof B H Bentley) 


fra 


exorutes a corrosive 


contammg caustic 


I x^rui « n nvul'ivy l aL i_ 

mg a cocoon which, though 
ere mamlv of silk, is covered by chips of wood 
ed A great many chrysalides are neither hidden 

away from sight nor in 
vested m cocoons, and 
may be found m all 
sorts of places, either 
hanging head downwards 
or disposed m the oppo 
site way In the former 
case, attachment is by 
means of a pad of 
457 SHIELDED CATERPILLAR hardened silk, and the 
(shirifl half Miiiovid) tip of the tail w some 
^ times provided with a 

i^T||!S|B||^k pair of hooks (ix(d mto this 

When the tail is below it la 
similarly fixed by a pad, while 
a girdle of silk often encircles 
the upper part of the body 
and holds it to the support 
r,, Cobur 18 m all these cases a 
[LLARS OF PUSS MO H impottaUce 

it Warning black and yellow tmts are displayed in 
tic the case of magpie moth (Ahraaxu grosw* 
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^ivliidi wwi the f4iiie livery in all 
difee etMes of ite esdstenoe*— end in eome other 


moiee« bat the general rule » lor exposed 

Very remarkable is the case of some lormB in 
the chrysalis is of different colour, accord- 
^ to the myailing ^ue of the surroundings. 
Tms is ma^edly so in the smalV tortoiseshell 
butterfly (FanesMi urHea), light, dark, or even 
golden hues being assumed, acco^ing to circum- 
stances. 


The Adult Stage. Coming now to the 

adult, or imago stage of butterflies and moths, 
there is an enormous amount of variety as regards 
size, shape, and colour, of which but a faint 
idea can be given here. On the one hand, we 
have the great atlas-moth {AUacue atlas) with a 
12-in. spread of wing, while some tropical butter- 
flies {Omithoptera) may attain to 7 m. or more ; 
and, on the other band, we have such insignifi- 
cant little beings as the larch-moth (Coleophora 
laricineUa), which can scarcely span three-eighths 
of an inch with fully expanded >^nngs. 

We have already had occasion to notice the 
mutual adaptation that exists between flowers 
and the members of the present order. The 
proboscis of a moth or butterfly is eminently 
adapted for sucking up the sweet nectar which 
so many blossoms afford, and its length in a 
particular species is proportionate to the depth 
at which the coveted treasure is hidden. Among 
our native species the hawk -moth is best 
endowed in tnis respect [455], and in some 
tropical forms it is even said to attain the 
length of 10 in when extended. When not in 
use this organ is rolled up into a spiral under the 
head [440]. 

Colours of Butiorflles, The colours of 
butterflies and moths in their adult condition are 
even more significant than those of caterpillars and 
chrysalides. Perhaps in the majority of coses they 
ore of a protective nature, which accounts for the 
sober tints, specklings and mottlmgs which 
distinguish the bulk of our native moths. When 
most common butterflies settle and fold their 
wings over the back, only the underside of 
these is visible, and its tints are not of a con- 
spicuous nature If, as often happens, the two 
sexes are differently dressed, the female is more 
inconspicuous than her mate, an obvious advan- 
tage to the species. She may even be wingless, 
or ]waotioa]ly so, as in the vapourer-moth (Orgyia 
aiiiiqua)t and is discovered by her ardent admirers 
by the sense of smell, their large feathery antennae 
indicating unusual endowment in this direction. 

But ceflour, aided by shape, is capable not 
merely of bringing about a general harmonising 
with surroundings, but also a resemblance to 
specific objects on the lines noticed for stiok- 
cater|)illars. An exceedingly pretty example of 
this is afforded by our common Uttle bi^-tip 
moth {Pygasra bttcephala). When this settles, 
the wings are wrapped round the body, and the 
insect stnkingly resembles a little piece of broken 


stick, even the paler thit of the h^tored end 
being aoouratdy copied, !nie tropioal leaf* 
butterflies (KdUma) go much further. They 
settle on twigs [466], fold up theflr wings, and 
then look precisely like withered leaves. Two 
little tails on the hind-wingcuoome together to 
represent a stalk, mid-rib and branoh-i^ins are 
p^eotly simulated, and the apTOsition of two 
transparent spots near the tips oi the fore-wings 
even bring about the semblance of a hole drillM 
by some larva. There are also discoloured 
patches closely resembling the fungi so com- 
monly found on decaying mves. 

Patterns and Dealgna In Colour. 
Warning colouration is abundantly illustraM 
among ^ult butterflies and moths. The glaring 
black-and-yellow livery of the magpie-caterpillar 
is retained by the adult, while the strip^ yellow- 
and-biack blazer of the cinnabar-caterpillar gives 
place to scarlet and dark brown. The pretty 
tittle six-spotted bumet-moth (Zygoma flipen‘ 
dvke) is made conspicuous by contrast between 
scarlet, very dark green, and some black. In all 
these cases the effect is heightened by pattern 
as well as actual colour. Spots and bands are 
characteristic A bold desi^ in black upon a 
paler background is often very effectively em- 
ployed [464]. It may also be noted that in 
warningly coloured species both sides of the 
wings are much alike, and that the flight if^ 
deliberate. 

A number uf species quite devoid of noxious 
properties and perfectly edible mimic more oi 
less closely their warningly coloured neighbours, 
and in this way enjoy a certain amount of peace 
and quietness A typical instance is figured in 
454. Remarkable cases have been described 
where the female only is a mimic, and is to be 
found m as many as three different garbs, simu- 
lating the same number of warningly coloured 
forms. Clear-wing moths (Seetidee) have come 
to resemble wasps and bees, and are thus 
imdoubtedly in some measure protected. Their 
wings have lost most of the scales, so as to be 
transparent, and the body is banded with black 
and yellow or black and red, as the case may be 

Colour and Courtship. The most 
beautiful and artistic combinations of tints on 
the wings of butterflies are generally explained 
as being examples of court^ip colouration, a 
view which is rendered probable by the fact 
that they are often best seen in the male. A 
beautiful native example is afforded by the 
orange-tip butterfly (ArUJiocharis cardaminea), 
which has received its name from the pretty 
marking of the fore -wings in the male ; and in 
most of the elegant litJe blues (Lyemnidoa) the 
female is brownish with a bluish tinge, while her 
mate is of the most glorious azure. It must 
also be added that some of the colours and 
patterns of butterflies and moths may perhaps 
be explained as ^recognition markings, by means 
of which members of the same species are spared 
mistakes in identification of their kind. 


Continued 
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TJ7E have exclusively dealt with the structural 
^ principles of Gothic architecture and the 

adoption^ the^inted arch. It is only natural 
that the sister arts of sculpture and painting, 
which were then completely in the service of, 
and subordinated to, architecture, should have 
had to undergo corresponding modifications. 
With the reduction of solid masonry to a mini- 
mum, the demand for extensive wall paintings 
had practically ceased to exist. Their place 
in the new order of things was taken by huge 
stained-glass windows, and the painters had tc. 
express themselves in small panel jiiotures for 
altar-pieces, which could no longer be monu- 
mental in character, but forced the artists from 
hierarchic dignity and lifelessness to the search 
for human emotions and movement. This 
signified the inauguration of a return from the 
traditional convention to the study of Nature. 

Gothic Sculpture. In sculpture, even 
more than in painting, naturalism triumpbwl 
over formalism. Romanesque sculpture had 
been derived entirely from Roman and Byzantine 
sources. It was impressive at times and 
dignified, and well suited to the architecture by 
which it was set off. But the Gothic style of 
building, with its upward tendency and graceful 
slenderness, necessitated a different treatment of 
the human figure, which, in the hands of the 
mediaeval sculptor, became more flexible, 
slender, elegant, and expressive — m short, more 
human. As in the preceding epoch, the repre- 
sentation of the nude remained beyond the pale 
of art, but, nevertheless, the form of the limbs was 
better under- 
stood, and the 
dmpery treated 
in gently-flowing 
lines and ample 
folds. At the same 
time the features | 
loRt their stony * 
impassiveness, in 
the place of which 
we find serenity 
and even emo- 
tional expression. 

A Period of 
Naturallem. 

More marked 
evw than in qqthic CAPiTAt in bousn 

. CATHEDRAL 

naturalistio tendency in Gk)thic stone carv- 
ing, wkere the forms of the local flora are 
reputed with astounding foithfulness, and with 
an appreciation of the beauty of Nature’s 


By P. G. KONODY 

structural handicraft that has never been equalled at an 


handicraft that has never been equalled at any 
other period. Some of the Gotnio cathedrals 
present in the stone carvings of the capitals, 
porches, and niches a perfect course of natural 
history — an encyclopsBdia of the knowledge of 
the time, comprising scriptural history, legend, 
contemporary life in all its phases, the sciences 
and trades and crafts, animal and plant forms, 
oUegorical representations of the forces and phe- 
nomena of Nature, and many other themes. 
This applies with particular force to the cathedrals 

of France [61] ; 

but even in Italy, 
where the alien 
Gothic style 
never became 



properly natural- 
ised, we find a 


similar intemtion 
in the decorative 
ndjuncistoarchi 
tecturc. Thus 
the relief panels 
of the Florence 
(campanile deal 
with the creation 
of Adam and 
Eve, “ Jabal — 
the father of such 
60. SCULPTURE FROM THE Cattle,” 

CAMPANILE OF OIOTTO, 

FLORENrB father of all who 

handle harps and 
organ,” Tubal ( ’am, the metal-worker ; Noah, the 
vine-grower ; astronomy, arithmetic, geometry, 
grammar, logic, rhetoric, music, building, 
pottery, wool weaving, law, the three elements 
fKTHonified by a horseman, Daedalus, and a 
ship with its crew ; ploughing, transport, paint- 
ing and sculpture. This Garapanile has not 
maptly been called a ” Gospel of Intelligent 
labour ” 

ITie Gothic craftsmen of Prance and Germany 
attained great skill in the polychromatic treat- 
ment of stone carving, and mon^ particularly 
of figures and reliefs carved in wood, for altars 
and church decoration in general. That a 
period with a distinct leaning towards realism 
should not have neglected portraiture is only 
natural The beginnings of Gothic portrait 
sculpture must be searched for in the cathedrals, 
among the tomb slabs showing the figure of the 
dead carved in low relief. Then came the 
recumbent figure modelled in the round, and 
finally the kneeling figure in the attitude of 
prayer, in all of which the sculptors en- 
deavoured to reproduce aa faiUifuUy os possible 
file features of the dead. 
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62. ORC AGNA' S LOGGIA DU’ LANZI, FLORENCE 

Ivory carving, too, was widely practised 
during the Gothic period, and no doubt 
exercised a great influence on the plastic ai*! 
of that time. The shape of the tu^ necessi- 
tated the adaptation of the {lose of the figure to 
the curve. Perhaps the more flowing line and 
increased movement of Gothic sculpture, as com- 
pared to Romanesque, may to a certain extent 
be due to the artist’s endeavour to fit his figures 
into a given shape, or indirectly to the accidental 
form of the elephant’s tusk. It is at any rate 
undeniable that many of the statues carved m 
stone or wood during the fifteenth century foUow 
the swinging line of the ivory’s natural growth 

Italian Gothic Art. In Italy, painting 
and sculpture had never lost their indepen- 
dent existence as completely as in the North, 
where the Gothic architectural system exer- 
cised tyrannical sway over the sister arts. The 
smouldering fire that burnt under the cold 
B 3 rzantine tradition broke forth m brilhant 
dame in the middle of the thirteenth century 
in the person of Niccola Pisano, the creatoi 
of the famous pulpit in Pisa [68], who, in- 
spired by the antique, revived for a short time 
the noble grandeur of classic form. But Niccola 
was an isolated phenomenon, and his son, 
Giovanni, abandoning the direction indicated 
by his father, succumbed to the influence of 
the Northern Gothic, and gave his compositions 
dramatic intensity and emotional life in the 
place of antique impassiveness. His master- 
piece is the pulpit of St. Andrea at Pistoja. 

Wlulst plastic art thus received a new impulse 
from Pisa, Florence and Siena were the centres 
where painting first broke the fetters of Byzan- 
tine formalism and achieved individual fre^om. 
Oimabue, a thirteenth-century Florentine, has for 
centuries been held to be the father of modern 
palntyng and the teacher of Giotto. Modern 
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research has, however, deorived him one by 
one of all ^e existing works that had been placed 
to his credit, and has made of him an almost 
legendary figure. It is now generally held that 
Oimabue was a mosaic worker trained .by Byzan- 
tines in the accepted tnu^ition — an excellent 
artist, no doubt, who perhaps infused a little 
life into the stiff manner of his precursors, 
but by no means the epoch-making reformer 
of Vasari’s pretty tale. The famous Rucellai 
Madonna in Florence, and other panel pictures 
formerly attributed to Oimabue, are in all prob- 
ability the works of Duccio of Siena and other 
painters of the Sienese school. 

The •• First Modern Painter.” Whether 
Giotto was actually a pupil of Oimabue or 
no, one thing is certain, that his art has far 
more in common with that of the sculptor 
Giovanni Pisano than with that of his supposed 
master. Giotto (1266-1337) may be called 
the first modern painter. He was the first to 
paint objects and figures in a manner to make 
us realise without mental effort the plastic 
reality of his painted subject. Measured by 
the modem standard, his drawing is faulty, 
the figures clumsy and heavy, the perspective 
wrong ; out his was the first step towards free- 
dom of composition, dramatic life and move- 
ment, towards the realisation of an artistic 
ideal beyond the merely formal beauty of har- 
moniously arranged line and colour. To appre- 
ciate his work fully, one has to study his glorious 
frescoes in the Arena Chapel in Padua, at St 
Croce in Florence, and at St. Francis in Assisi. 
Like most of the early Italian masters, Giotto 
was well versed in many arts. His combined 
achievement as architect and sculptor can be 
admired in the Florence Campanile [60], 



68. FULPIT, PISA, BY NICXTOLA HSANO 


In hi» painting, aa in hia soulpture, he, like 
all the leMera in art, drew his inspiration direct 
^rom Nature. And like all those who turn awav 
from Nature to imitate conaoiously the work 
of a master, the followers of Giotto— the 
“ Giottesques ’’—lost sight of the real significance 
of things, copied the weaknesses and the mere 
outer fprm of fhe admired models without 
gruping the spirit, and delayed the progress of 
painting by a full half century. Giotto the 
painter had logically transferred to another 
sphere, and developed the principles underl 3 ring 
the work of the sculptor Giovanni Pisano. It 
was a sculptor again, Andrea Pisano, who was 
Giotto’s legitimate successor ; and whilst painting 
was under a temporary eclipse, Andrea and hin 
pupils infused vigorous life into the art of relief 
scu^ture. With the seriousness and sincerity 
of Giotto, and with that master’s disregard of 
conventional form, he combines an increased 


ART 

drapery, and humanised the expression of the 
faces, though he did not go far in giving individual 
character and emotion to each figure. His 
successors, among whom Simone Martini, Taddeo 
Gaddi, and the Lorenzetti were the most promi- 
nent, continued in the same direction. The 
Sienese were ever more concerned with expressing 
the innei life of the soul than the physical life of 
the body. It was a natural consequence that 
they excelled more in the small panel picture 
than in the large fresco. The Sienese School 
did not have the vitality of the School of 
Florence, and fell into deca^ when the art of 
the rival city achieved its greatest triumphs. 

A Great Florentine Painter. Fra 
Giovanni Angelico da Fiesole (1387-1455), a 
Dominican monk, is the last great Florentine 
pmnter of the Gothic period, and the first of the 
£)arly Renaissance. In his art, pure, spiritual, 
ardent, and sincere, he proves himself a follower 



64. PAKT OP TUB PAINTING OP THE TRIUMPH OP DEATH, PISA, BY IX^RENZETl'I 


sense of pure beauty. His bronze gates of the 
Florence baptistery represent him at his best. 
The greatest of the “ Giottesques ” is Andrea 
del Cione, called Orcagna, Andrea Pisano’s pupil, 
and equally famed as painter, sculptor, gold- 
smith and architect. The Loggia de’ I.<anzi [62] 
m Florence is said to be built from his plans ; the 
solemn, splendid fresco of the Last Judgment in 
S. Maria Novella, and the richly sculptured 
Gothic tabernacle at Or San Michele in Florence, 
are wrought by his hand, though the famous, 
naively realistic “ Triumph of Death ” fresco 
at t^ Campo Santo in Pisa, which was formerly 
attribute to his brush, is now held to be the work 
of the Sienese Lorenzetti [64], 

What Cimabue was believed to have done 
for paintiim in Florence, Duccio di Buoninsegna 
oytamly aid for Siena. He, too, broke away 
mm Byzantium, gave life to his figures, suggested 
the human form under the nobly-arranged 


of Giotto in the druniutic conception of th<* 
subjects and in the freedom of his grouping, 
whilst the soulful, emotional depth of his 
sentiment and the celestial beauty and purity of 
expression arc derived from Sienese sources. He 
is the most lovable painter of all times, the 
painter of heavenly bliss, of pure Christianity, 
of angelic beauty. The spirituality and saintli- 
ness of his art is so striking, and has been laid 
so much stress on, that many critics have over- 
looked another and scarcely loss important Bidc‘ 
of his character, his systematic study of the 
antique, of the human form and of Nature in 
general. He was the first painter who repre- 
sented the Christ-child entirely naked, and drew 
the nude forms, not from imagination, but from 
the living model ; the first Italian who painted 
an actual landscape from Nature ; one of the first 
to study aerial perspective, to introduce actual 
portraiture into nis frescoes, and classical forms 
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66. A PRERCO BY FRA ANOBIJCO, IN THE MUSEUM OF ST. MARK, FLORENCE 

into his arohiteotural backgrounds. For all and even in Italy, where the Church enlisted 

these reasons Fra Angelico must be accorded a the service of the masters that had arisen under 

position, and no mean position, among the the influence of the humanists, new fields were 

painters of the Italian Renaissance. To appre- opened to the activity of architects, painters 

ciate Fra Angelico's position in the art of his time, and sculptors. Mythology, classic literature 

it is necessary to study his wonderful frescoes in and portraiture, entered into the range of subjects, 
the cells of S. Marco in Florence and in the and though some of the greatest churches and 
ch£^l of Nicholas V. in the Vatican [65]. monastic buildings belong to this period, the 

The Renaissance, The great movement great architects of the Renaissance found their 
in art and letters, known as the Renaissance, had chief employment in the building of palaces, 
its beginning in Italy in the early part of the ** An Art of Free Expression.*' 

fifteenth century. In the Gothic period art had Nothing could be more erroneous, however, 

been almost entirely at the service of the Church. than to think that the principles of Renaissance 

Fostered by the spread of humanism, which, architecture were a mere repetition of the re- 

under the rule of the Medici family in Florence, discovered classic forms. The style is based on 

led to the establishment of a Platonic Academy, the revival of the classic orders, but these are 

the dormant love of the Italians for the forms applied in an entirely new manner, suitable to the 

of classic art, which are so closely connected modem requirements. As Professor Banister 

with paganism, was given a new powerful im- Fletcher has tersely put it, “ Architecture ceased 

petuB. Scientists and men of letters, architects, to a certain extent to be subject to the oonsidera- 

painters and sculptors devoted themselves to the tions of use, becoming largely independent of 

study of classic literature and antique art, constructive exigencies, and to a greater extent 

the writings of Greek and Roman poets and an art of free expression in which beauty of de- 

philosophers were popularised, the fragments sign was sought for. Speaking generally, there 

of antique sculpture unearthed, the ruins of was an endeavour to reconcile me Gothic and the 

classic buildings investigated, and the lessons Roman method of construction — t.e., the body 

derived from them applied to the creation and the dress were the same thing constructively, 

of new monumental buildings. At the same time, because the architects of the perTo^ attracted by 

and as a result of the '' renaissance ” or re- the mere external appearance of ancient Roman 

birth ” of classic knowledge, art became to a great art, but perceiving that this form was merely 

extent secularised, and its patronage passed an envelope, continued in the matter of construe - 

from the Church to the Courts of the lYinoes and tion to a large extent to follow the traditions 

to the wealthy citizens. In the North, the of the Mid(Ue Ages, which did not separate the 

Reformation, coincides with the Renaissance, structure from the decoration.*’ 

Continued 
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126. A compound surd is an expression in- 
Tolying two, or more, simple surds. 

Compound surds are multiplied toother in 
the same way as other compound a^ebraical 
expressions. [See Article 27, page 2148.] 

Example. Multiply 

3^/5+ 2V3by 2V5-6^3. 

We have to multiply every term of the one 
expression by each term of the other. Hence, 
the product consists of 

(3Vox2v/5)+ (2>sy3x2v5)-(3Vox6V3) 
-{2V3x5v/3); 
or 

30 -f 4^/16-15^/15-30, 


which, on collecting terms, gives - 11 ^^15. The 
work can be arranged as in Article 27, thus. 


3v'5+ 2^3 ' 

2v/5- 5^/3 
30 + 4-^16 
j^l6 ^15-30 

30j^U^15-30 = -11V15 Ans. 


127. If we multiply together the sum and the 
difference of two quadratic surds, we get a 
rational expression for ihe product. 

For, by Article 84, page 2150, 

( Jx + ^'ij) (s/r- s/y) = ( ^/x)^ - { y,ly)‘‘ = r - !/. 


Two binomial quadratic surds, which differ 
only in sign, are said to be conjugate to one 
another. Hence, a binomial quadratic surd is 
rationalised by multiplying by the conjugate 
surd. 

128. When a fraction has surds in the denomi- 
nator, the denominator can be rationalised, and 
the numerical value of the fraction is then found 
more easily. 

Example 1. Rationalise the denominator of 

14 


v/7* 

We have only to multiply numerator and 
denominator by >^^7. Thus 


U 

s/7 


U^^/7 

^'7 X s/7 


7 


= 2^7 .(-IS. 


Kxampio 2. Rationalise the denominator of 


2^:1-! 3^2 
5+ 2^6 ■ 


The denominator beeomes rational if we 
multiply by the conjugate surd 5 - 2^/6. We 
therefore multiply both numerator and de- 
nominator by 5 - 2 .ye. Hence, 


2JS+ ;V2_ (2^3+ 3^2) (5-2v/(S) 

' 6 + 2 (.5 -t 2 ^8) (5 - 2 ^/6) 

_ ]6v'2-4 Jl«-6v'12 

26-24 

= 10 v'S -I- 16 V2 - 12 s/2 - 12 J3 
= Z sl2 — 2 sj/i Ai^ 

Example 8. Rationalise the denominator of 


1 

1-1- v'2+ V3' 


We haTe 


1-h s/2+ s/3 


l-t-^/2-s/3 

(l-fv'2-l-V3)(l + s/2- V3) 
_i+,y2- sj^ 
{l+Mf-(s/3'? 

1 + J2- s/3 
3-)-2V2^ 

l + s/2- sl3 
2s/2 

, J2 (1-I-V2-V3) 

2x2“" 

2-l-s/2j- ^6 

4 


A US. 


129. We come now to an important pro- 
position in surds. 

If a Jb — X + where a and x are 
raJtionaly and Jh and Jy are irrational, then will 
a = X and h = y. For, since 

a + = .r -f Jy. 

Therefore, 

a-x+ = Jy. 

Squaring both sides we have 

(a-:r)2+ 2 (a- x) Jb + b- y ; 

so that 

2 {a-jr) Jb —y-b- (a- x)^. 

Hence we have an irrational quantity equal 
to a rational one, unless the coefficient of Jb is 
zero, in which case the left-hand side of the 
equation becomes zero. But a rational and an 
irrational quantity cannot be equal. Tliercforc 
the c(H‘ffici(‘nt of Jb must be zero, i.e.,a-x— 0, 
so that a — X. It follows, from th(' given relation, 
that Jb “ Jy, or b = //. 

Note. Since a — x and Jb - Jy, it follows 
that 

a- Jb = x- Jy. 

It must l)e remembered that the result just 
established is only true wlum Jb and Jy are 
really irrational, i.c., b and y cannot have 
values which are perfect squares. 

For example, it is true that 

4 -t- J^ — 3 + j 

bul this does not tell us that 4=3 and 9 = 16. 
130 If 

sa+ = s' sy> 

then Hill 


Ja- Jb — Jx- Jy. 

For, squaring the given relation, we have 
a-\' Jb — X y + 2 J xy ; 
and, by Article 129, we may equate the rational 
terms, obtaining 

a=^x+y ( 1 ) 

and we may also equate the irrational terms, 
obtaining 

s'h-2s'xy (2) 

Subtracting (2) fri3iu (1) we get 
tt- Jh^ x-^ y- 2 Jxy 

= (s'^- s'yY- 
Therefore, 

Ja- Jb = Jx- Jy. 


131. The square root of a binomial which 
consists of a rational term and a quadratic surd 
can sometimes be found. 
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Example. Find the square root of 9 4* 4 ^5. 

Let 

>/94-4^6 = ^ir+-v/y. . . (1) 

Then, by Article 180, 

• \f^9 4 i^o = iy/af — »Jy» • • (2) 

Multiply (1) by (g). Then 
a;-y=V9^-(4V5p-x/81-8d=l. . (3) 

Squaring (1) and equating the rational paits, 
we obtain 

«4-y=9 (4) 

Solving (3) and (4) we tind 
ar= 5, 4. 

Hence, 

f 4 ^/5 = f ^/4 - >^5 H- 2 An.«t. 

132. We can, however, generally write down 
the square root by inspection. The square of 

__ 

y V 

Therefore, 

\x + y 4 2 ^xy - + ^/i/. 

Hence, the square root of A + 2^B, where the 
coefficient of m 2, is ^x *+ ^/y^ x and y being 
such that 

‘ X y— A and ary — B. 

In the c*xample of the last ArticU*, to find the 
square root of 9 +• 4^/5 wo must fir.st make the 
coefficient of equal to 2. Thus 

!» + 4 ../r. = 9+2 v/2^5 =9+2 ^/2t>. 

To obtain the square root w(* have now only to 
find two numbers whoso sum is 9 and who.se 
j)roduct is 20. These are easily seen to 1)© 
4 and 5. Hence 

v'9 + 4Vr> = ^/4 + ^/5= 2 + Vr> Aj^ 

188. Equations Involving Surds. We 

shall now solve one or two equations in which 
the unknown quantity appears under the square 

root sign. 

Example 1. Solve .^/ar-f- \/5ar + l = 2. 

Wo bring a single radical term to one side* of 
the equation, and put everything else on the other 
side. Thus 

2- \lx — \lbX'{-\. 

^ By squaring, we get rid of the radical on the 
right-hand side 

4-4- x-A^x— fir -4- 1. 

We now collect Uirms, and again put a single 
radical term on one side and everything else on 
the other, and square. Tlius, 

4 Jx = 3 - 4r. 

Therefore, 

9-24r-4- 10a;2, 

Uia; ~40r-f- 9-= 0, 

(4a; -9) (4r-l)= 0. 

Therefore, 

X — y or J A ns. 

Example 2 Solve 

\/l6-7.r-a^ = *5+ 7*- 

Here it should be noticed that the coefficients 
of and x under the radical sign, viz,^ - 1 and 
7, are in the same ratio to one another us 
the c^fficients of and x in the rest of the 
equation. Whenever this is the case, tlie equa- 


tion is transformed into a form readily solved if 
we put the radical equal to y, 

T^ms, let 

s/l(^-7x-3e^ y. 

Then, 


Thereh're, 

7a;= 

Therefore the given equation becomes 

y= i : 


( 1 ) 


Wlimce, 


4j,*+4!/-Ca=0. 




Sul)stituting these values of y in (1) we obtain 
two quadratic equations, viz.^ 

lC-7x-a^= t-. 

4 

and 

16-7a--j-2= 

4 

Solving those, we obtain four values of a*, 


1 


Ifi 


- 7 ± 4^2 


An». 


EXAMPLES 33 

Simplify 

1. V4^>-^/20. 

2. .3^/48 4- 5^27-2^/12. 

8. 4V24-V«1- 5. ^*^2-^- J72, 

4. X x/52. 6. J27 X V9. 

7. Multiply a ^2- by 2^,/2-f 
Find the H<juaro roots of 

8. 11-f 4v/fi. 

9. 52-7 x/12. 

10. Simplify 

1- s/2-4- J'A _ 1- s/2 - s/3 
l-l-“s/2 1 s/3 1-f s'2- ^3' 

Solve the f(>llowing equationH 

11. 1-^2xk^\-~x^ 9.r^. 

12. \^i*x-h 1 - \,fx - I. 

18. - j - jilix +7^ 3. 

Answers to Algebra 

ICXAMPLFS 31 

1. a-h 4 2f. 4. 2x'~x f 3 

2 a ^ hv~2rx^. 6 . x'-xy < 2y^. 


8 . 


X X 

() 3 


1 


6. 2jt;‘2 - 4- 


1. 9. 
1 


3 

1 

Jfi’ 
125 
27 ' 


Examples 32 

6. a;' 

7. 1. 

8 . 


y 

r’ 


I t 


10 . 

11 . 

12 


1 •» . 
2r- 4- 2 j;-i/-^ - T)x-y • - 2xy-\-Ax-y ‘ - y 

a;** - -f 1. 


2a; '-3a; ^ -4- 4a;“^ 
2a:’-l-2a; 2. 

13. a;-2a;--l4-2a;^^4-a;"'*^. 

Continued 
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HARP PRACTICE 

MUSIC 

25 

Pedal Changes for Major Scales. The Melodic and Harmonic 

HAJU* 

ooiitliiued from 
Ihh:«3400 

Minor. Chromatic Scales. Fingering. Modulation. Key** Colour” « 


By ALGERNON ROSE 


^OMPARED with the pianist, the harpist may 
be said to learn his scales backwards in 
regard to their signature. Doubtless, many harp 
teachers have explained verbally how the pedal 
changes are made in tlie simplest way into all 
the different keys, but wc have not come across 
any such information in print. The Self- 
Educator may therefore be particularly help- 
ful at this juncture. 

•The fact that the natural scale of the double- 
action harp contains seven Hats, R, E, A, D, 
G, F, need not perplex. Tla^se flats corre- 
si)ond to the number of levers in the pedestal 
of th(i instrument. Write them down in their 
propiT order on a piec(‘ of music-paper. To 
put the entire compass of tin* harp into a key 
which has six instead of seven flats — namely, 
G!?^ — what has the student already dom* ? He 
has knocked off the last flat, F, m the signature 
of the harp’s natural scale. In other words, 
he has put down tlu* F pedal one notch. Like- 
wise, to play in the key which has flve instead 
of six flats (Dt^ major), he deletes the next 
flat, (.\ by slipping down the C pedal one notch. 
To play in A[?, which has four insU'ad of five 
flats, he gets rid of the next accidental, G. 
How ? By lowering the (1 pedal one notch. 
To transpose the instrument into El? major, 
which has three msU^ad of four flats, he ex- 
punges the Dl7 in the signature by depressing 


the D pedal one notch. To modulate all the 
strings into major, which has two instead 
of three flats in the signature, he takes away 
the redundant A 1? by lowering the A I? pedal 
one notch. To get into the key of F major, 
which has one instead of two flats, he dismisses 
the EP by putting down the E!7 pedal one 
notch. Finally, to get rid of the Bl?, he puts 
down the Bi? pedal one notch. All the petals 
are now down. 

It is as if a company of soldiers were kneeling 
instead of standing to shoot. Every string 
throughout the instrument has been raised half 
a tone, just as the sights of the soldiers’ rifles 
have been raised to get a longer aim. So the 
key of the harp is now (Jr» represented by the 
white not (‘8 on the piano. The next problem is 
to get into the sharp keys. What has the 
harpist to do ? The key with one sharp is 
G major, in which the accidental is F. To 
add this, press down the F7 pedal to the 
second notch. This raises all the blue strings 
a second semitone. The key with two sharps is 
D major, of which the second accidental is C. 
Press down, therefore, the Ct? pedal to its 
second notch. This raises all the red strings 
another half-tone. That key which has three 
shttrj)8 is A major. G^ has to be added. 
Therefore, lower the G t? pedal to its second 
notch. E major rejoices in four sharps, the 


Ex. 18 . MODULATION FROM C MINOR TO G MINOR [G Minor] 
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fourth being D. Consequently, to get it, down 
goes the IT pedal to its bottom notch. 
B major is the key with five sharps, the fifth 
being A. So lower the Ab pedal to its second 
notch. The key with six sharps is Fjf major, 
the sixth being In the same way, depreas 

the Eb pedal as far as it will go. I.«astly, the 
key with seven sharps is major, the seventh 
accidental being B. Therefore, lower the Bl? 
jiedal in the same way. 

All the pedals an^ now down to the second 
notches. It is as if the company of riflemen 
are in a prone position, with all their sights 
put up as far as they will go so as to enable 
shooting at the maximum range. In the same 
way that, if all the pedals are put up, there are 
seven flats in the signature of the piece to lie 
played, so now, when all the jiedals are down 
in the second notch, the harj) is trans|x>sed 
into a key with seven sharps. 

Minor Scales. Hitherto we have con- 
fined our attention to the major scales. But 
the minor form, which, as its name impli<5s» 
occupies a subordinate place t/O the major, has 
undergone many changes. Origmally it wa^ the 
tone-system in common use, having been derived 
from one of the ancient Greek forms and intro- 
duced thence into the music of the Early 
Christian Church. In ancient harp music theie 
are plenty of melodies built up on the old Greek 
scale. Being the most ancient of stringed instru- 
ments, the harp was tuned in a minor rather 
than, as now, the major mode. Consequently 
it is the system of tuning rather than the nature 
of the instrument itself which makes it so diffi- 
cult to-day to render chromatic passages on 
the double-action harp. Even if the instrument, 
however, were tuned differently, it would not 
enable it to meet the requirements of certain 
modem composers. The only result would bo 
so to confuse the player as to necesoitate his 


relearning the instni- 
ment. The old Greek 
minor scale is shown in 
Ex. 17. (The previous 
Example, Ex. 16, is re- 
ferred to later.) 

But this system gave 
no leading note or sound 
a semitone below the 
tonic, essential in the 
modern form of the scale. 
If the G only was sharp- 
ened, that meant that 
the interval from F® to 
G exceeded a whole 
tone. It was long con- 
sidered admissible to aug- 
ment the ton(‘ in such a 
way. So the F was raised 
to F|j!, and the first alter- 
ation of tlie Greek system 
sounded as Ex. 18. 

Yet, although tlie effect 
was delightful as the 
sounds rose from the 
lowest to the highest notes, 
they were too much like 
the major scale when they went downhill. 
Consequently, the sharps to G and F in de- 
scendmg were omitted. That simple alteration 
gave the Western world what is known as 
the “Melodic Minor Seale.” In the method 
of transition coming down the change con- 
trasts pleasantly with the well-defined steps 
going up. I’he sesthetic reason for the ('harm 
which the ear finds in the melodic minor an* dis- 
cussed at length in Helmholtz’s “ I’oni'mpfin- 
dungen ” and Pole’s “ Philosophy of Tone ” 
In the melodic minor the sound- laddi*r is as 
written in Ex. 19. 

The Harmonic Minor. (^onsidi'ritig 
how many modes, or senes of difft'n'iil scahjs, 
were required to satisfy the ears of tlie Greeks, 
118 those of the Indians and Ghinese to-day, it 
is remarkable that Europeans for a long period 
contented themselves with only two foims, 
the major and the melodic minor It took 
centuries liefore theoreticians would allow that an 
augmented tone w'as p(*rniisHi}>k». I’lu'y agreed 
that a leading note going up to the tonic was 
wanted. This necessitaU'd, to their minds, 
the FjJ as well as the Gjf. Practical musicians, 
neverthek'ss, began to associiite FC with GJI. 
Eventually, theretore, pract ice ovemiled ihcoiy. 
Not only was the ancient FJ hul the 

descending was madi^ to conform with the asci'iid- 
ing scale. The n'sult wan our modern s(‘(|uence, 
known as the harmonic minor. (Ex. 20 | 

Ex. 28 
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The problem of putting new wine into old bot- a change in the harp of two and sometimes 

ties, we know, is difficult to solve. The modem three jSdals. Clearly such sequences of notes 

musical wine, with its abundant discords, is some- are opposed to the character of the instrument, 

whatat variance with the anatomy of the ancient Yet an orchestral player is expected to make 

harp. Ingenious as is the double-action meohan- bricks without straw, and the sooner the 

ism of the modem harp, composers are too often ambitious student realises that fact the 'better 

unmindful that it is essentially a diatonic in- will it be for him ultimately, 

strument. It will have been perceived, by the The Chromatic Harp. To nneet the 
pedal changes already given, that transition demand of certain modem composers who score 

from major keys to those nearly related to them for the harp as if it were a piano, M. Gustavo 

is simple. But the student will long since have Lyon, of Paris, introduced in 1903 a harp with- 

become aware that, if the Fb pedal i** depressed, out pedals, but with the strings arranged so that 

he cannot raise the tone of one F without those representing the white notes of a key- 

aifecting similarly the sounds of all the other F’s, board are on one side of the player and the black 

or any other note chosen, throughout the scale. notes on the other. Although this arrangement 

To make an instrument, therefore, which is met with favour at the Brussels Conservatoire, 

essentially anti-chromatic dodge about in it has not been taken up by harpists generally, 

detached semitones renders exceedingly diffieult. As pointed out by Mr. George Morley, it deprives 

if not impossible, the execution of rapid passages the instmment of its strong individuality with- 

where the accidentals ascending are unlike out imparting to it the capabilities of the piano, 

those used when descending. Therefore, the student can scarcely hope to have 

Wagner, and later eminent composers, have access to such an extra instrument on the 

not infrequently recorded passages for the harp orchesfra. If he is ambitious, there is nothing 

which are most embarrassing. Professor Prout for him but to get through, as best ho can, the 

instances, in the final scene of the “ Walkiire,” enharmonic briars and brambles witlx which 

a phrase consisting of four groups of semiquavers the modern composer takes a weird delight 

in each bar, requiring, in almost every little batch, in pricking the harpist’s fingers. 




Ex. 27. 
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Chromatic Difficulties. As a pie- 
liminaiy illustration of the difficulties to be 
encountered, let the student practise slowly 
with one hand, going up and down the scale 
in semitones. Endeavour to play each note 
in strict time A child can do tliis on the piano 
without trouble, but to accomplish the same thing 
on the harp means putting into action in rapid 
succession, for the first octave only, some five 
pedals, quitting them as promptly, and re- 
peating the same gymnastics in the o(<tavo above. 
[Ex. 21] 

It is customary with composers who are 
considerate to warn the player to prepare in 
advance for a pedal change by inserting in 
the music “GjJ” “F” “E” or whatever 
note is coming that is foreign to the key 
signature. When minor keyn are cxcHjuted at 
even moderate speed it will, of course, be evident 
that the requisite pedals must be chang<‘d almost 
instantaneously. 

Two Harps. But in one sense the com- 
poser, instead of being denounced for writing 
detestable passages, ought to be thanked by 
harpists. The peculiar difficulties he has set 
down have frequently led a careful conductor 
to engage two performers instead of one at a 
concert, and, consequently, pay double fees. Two 
harps also, by interweaving part^ and playing 
what are known as “ cross fires, ’ gel a clf*arer 
and better effect in certain passages. [Ex. 22 | 

Now put up all the pedals so that the harp is 
in its natural scale, or signature, of seven fiats. 
Take the minor scales systematically, as was dom* 
in the case of the major. A minor third below 
Cb is A!>. This, therefore, is calltjd the 
“ relative ” minor of the major scale already 
played. But the semitones in the minor scale, 
instead of, as in the major coming between th^ 
third and fourth and seventh and eighth 
notes in ascending or descending, now occur 
in the harmonic minor, it must be remembered, 
between the second and third, fifth and sixth, 
and seventh and eighth, and the same in des- 
ceding. In the melodic minor, however, they 


come bidwcen the second and third and seventh 
and eighth notes going up, and the sixth and 
fifth and third and second coming down. The 
latest word in harp-playing at the time of writ- 
ing has been said Iw M. Raphael Martonot. But 
even h(\ in his “ Met bode de Karpin : Thcoriquo 
et Practique,” confines the attention of tlu* ad- 
vanced student, when it comes to minor S(*alc8, 
to the harmonic form. Before beginning the A 
harmonic, minor, play with all the pedals up the 
tonic chord. Next try the dominant chord given 
in the example, consisting of the notes [0, Bt?, 
J) b, E b, and G J. To get the G tj, lower the third 
pedal on the right to the first notch. [Ex. 28J. 

The Fingering. No matter how many or 
liow few sharps or flats a minor scale contains, the 
fingering is uniform in all keys. When the harp 
is played in octaves, it is tlu* same for both liands. 
Herein the student has a groat advantagi* over 
the pi anist. Prejiari* the left hand lor the A b 
(third ledger line, bass del, below staff), and tht^ 
right hand for the AP (first space, bass clef) 
an octave above. CWe should alw/iys hi* tak(*n 
in preparing the fingi’rs not to touch thf‘ strings 
])n*maturely, so as to pr(*vcnt any unnecessary 
vibration. The student also should make 
It a rule to familiarisi* himself thoroughly with 
one difficulty and overcome it before pnieeed- 
mg to the next. Strike each Ab with the third 
finger ; the Bb with tlu' second finger ; the (Jb 
with the first ; and the Db with the thumb ; 
always making ])reparati(»n in advanci*. For 
the Eb above use the third finger; lor the 
Fb, the second; the GJi, the first; and Ab, 
the thumb. For the Bb strike with the second ; 
the (^b, the first ; the Db, the thumb; and the 
Kb, the third. For the Fb use the second ; 

the first; A b, the thumb; and B b, the 
st'cond. For the Cb above, the first ; the D^, 
the thumb ; Eb, the third ; and Fb, the second. 
For the OfJ, the first finger ; Ab, the thumb ; 
Bb.the second ; and 0^?, the first. For the Db, 
the thumb ; Eb, the third ; Fb, the second ; and 
G^, the first. For the top Ab, completing a 
four -octave scale, use the thumb. 
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In descending, reverse the order of the fingers, 
so that the digits strike the same notes in 
like sequence as in ascending. Now, there is 
nothing bewildering in all this. It is really 
simple. The student should write out the notes 
and fingering for himself. He will then observe 
that, in going up, the third, second, first and 
thumb are used twice. Tlien comes a change to 
second, first, and thumb, followed by first, second, 
first, and thumb ; and that order is continued up 
to the top A, the same rule applying when 
coming down. 

Modulation. The gymnastics, therefore, 
do not occur in the fingering, but in the pedalling. 
Always accustom the eye to read at least a bar 
ahead, because the pedals have to be changed 
and released whik* the scale is being played. 
As uniformity in the rate of progression by both 
hands is indispensable in scale practice, the effect 
will bo unsatisfactory if pauses are made to 
enable the feet to do their work. A “ scale " 
implies a ladder, as the word is derived from the 
Latin, scala. The art in scale playing is there- 
fore to run up and down the imaginary ladder 
in such a way as to make the gradation in the 
series of tones or half-tones so regular that the 
steps may not be noticed. The sounds must 
flow evenly, thereby concealing the art which is 
necessaiy for their production. But the musician's 
ear is dissatisfied if one minor scale, say, 
in seven flats, is ended abruptly, and the next, 
in six flats, begins immediately, without some 
appropriate chord intervening. What is wanted 
is a tonal bridge, so that the two keys may he 
linked by appropriate modulation. To trans- 
pose tlie harp from a major scale in seven flats 
into one in six, we knock off, as already ex- 
plained, the last flat in the signature — namely, F 
— by depressing the second pedal on the right 
one notch. But before doing this, after com- 
pleting the scale of Ab minor, confirm it by its 
dominant chord, which con- 
tains G tf. For this the right 
pedal has to be put down. 

To get the first inversion of 
the new dominant, before 
finisliing with a perfect cadence 
leading into Eb minor, put 
down to the first notch the 
second (F) pedal an4 the third 
left (D), reinserting the Gb by 
releasing the third right pedal. 

After practising the E b minor ’ L.H. 


scale, modulate in the same way (by depr^ing the 
C and A pedals one notch, and releasing the D 
pe^l) into the key of Bb minor, with five fiats. 
The obliteration of one flat in each succeeding 
signature is effected by depression of the P©™ 
in question one notch, as explained in the major 
scales. Thus we go from Bb minor, with five 
flats, to F minor, with 4, C minor, with # [Ex. 16], 
G minor, with two, and D minor, with one, until 
we arrive at A minor, which is without accidentals 
in the signature. TTien we add one sharp for 
E minor, which has Fj^ in its signature, because 
it is the relative of G major. So the Fb pedal 
is slipped down to its second notch. In the 
same way add a second sharp for B minor, a 
third for Fjlf minor, a fourth for Cj minor, 
and so get round the circle. For the modu- 
lations we give an example from Mr. Oberthur’s 
“ Harfen-Schule." By raising the alternate 
scales a tone at a time, and similarly altering 
the pedal indications, the student should have 
no difficulty in transposing on paper the other 
minor scales with their modulations. [Ex. 24.] 

The Melodic Minor. Although the 
harmonic minor form of ascending and descend- 
ing the scale may suffice usually, it behoves the 
student, whilst accepting general principles, to 
prepare himself for the many violations he will 
find of them in certain orchestral parts. Having 
become familiar with the harmonic minor scales 
in octaves, the amateur, however, who is con- 
fining his attention to solo work can devote 
his leisure to arpeggio exercises in keeping with 
the character of his instrument . But the student 
who has a hope of eventually securing an orches- 
tral engagement at a provincial festival cannot 
afford to overlook the tendtmey that some 
modern writers have to make their music 
jump about in semitones remotely related to 
the signature of the key in which the work 
begins. Plenty of fresh difficulties to overcome 
will be found if the melodic minor scales are now 
tackled through all keys, not only in octaves, 
but in tenths, sixths, and thirds. The difficulties 
of pedal arrangement necessitate movements of 
the feet which cannot be made rapidly enough to 
correspond with their relative strings so as to 
enable the scales to be executed in quick time. 
Moreover, such pedal adjustments cause a 
great deal of noise. Yet, as an exercise for 
familiarising the student with chromatic en- 
tanglements, }>ersistent attempts to execute 
slowly the scales in intervals which cannot be 
quickly will give him, often by 
means of borrowed notes, such as using a 
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Git for an eto., an insight into the most 
expeditious way of rendering, instinctively, 
unusual notations as artistically as possible. 
[Ex. 85.] 

Key ** Colour.*’ Sound, like colour, is 
de^lbndent upon the rapidity or slowness of 
vibration, the undulations which produce low 
notes biing less rapid than those which give us 
the high ones. In like manner, the colours of 
the rainbow recorded by the spectrum almost 
double themselves, when passing from red to 
violet, in velocity of pulsation. When a piece, 
therefore, is played throughout in Cl?, and is 
afterwards transposed to a higher key, the 
complexion, or colour, of the music changes. 

But it is as easy to play in one key as in 
another on the harp. Tne student should take 
advantage of this fact. He can spare himself 
thereby the monotony of constantly repeating 
one exercise in the same key as he would have 
to do if he practised any other insi rumen t. 
He should now go back, repeat, and, if ingenious, 
add to the extTcises already tabulated, and 

Ex. 80. 
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increase his 
interest in 
them by 
trying them 
in all the 
keys. If, for 
example, he practises the scale of C major by 
depressing all the pedals to the first notch, 
striking the not<*s very slowly, he can then 
transpose the scale into the key of G, slightly 
increasing the speed. Afterwards, he can con- 
tinue it in I) major. Next go to A major, E, 
and BO on, until he has modulated through all 
the keys and obtained infinite variety whilst 
exercising his fingers all the while in the same 
manniT. He will soon find himself able to play 
in any key his fancy dictates. But lie should 
remember this fact. The tom* of the harp is 
richest in its natural key, and least sonorous 
when the pedals are depressed to the s(*cond 
notch. Why ? Because the strings are then 
shorbmed, and it stands to reason that a long 
string possesses more resonanc'c than one which 
has had an inch cut off it. Therefore, although 
on the piano the key of Fjf major, with six 
Bharps, and Gb major, with six flats, sound 
alike, this is not the case on the harp. 

To play in the former key, the harpist has six 
of his pedals down to the second not<*b, so that 
most of the strings are considerably shortened. 
On the other hand, if he plays in G major, he 
has only one pedal, the Fb, down to the first 
not<‘h lliis accounts for the reason why, in 
an orchestral score, the harp part sometimes 
appears to be written in n wrong key. Should 
the harpist come across a solo in Fff major, he 
will do better justice to himself and his instru- 
ment by playing it in the enharmonic key. But 
for practising purposes, if he succeeds in getting 
a rich tone out of the sharp key, he will add to 
his confidence when playing m the natural 
scale. Now take groups of four notes, first with 
Ibe left hand and then with the right, as here 
indicated, and exercise the fingers with them 
through all the ke3rB. Endeavour to strike each 


note with equal force. Be careful to keep 
strict time. [Ex. 26.] 

Harmonic Sounda. On the harp, har- 
monic effects are particularly beautiful, although 
only one such sound is produced from each 
string instead of several, as can bo obtained 
from each string of a violin. To produce the 
harmonic, press the middle red string very 
lightly at exactly half its length. Bo this with 
the first joint of the first right finger, curved 
down while the thumb striki's the note. Imme- 
diately this soimds, remove the finger from the 
string. Do not bend the second, third, and little 
fingers too much. Hold tluun gracefully. Now, 
wnth the left hand, try the octave C below. Press 
the middle of the string gently with the fleshy 
part of the palm, not the ball of the thumb. 
Sound the note as before with the thumb. 
Harmonics on tlie harp are finest in the bass and 
middle register of the infltrunu'nt, and are seldom 
written above D, fourth line, treble clef. In the 
music, they are denoted by im O over the notes, 
or sometimoB by “ s.h.,” meaning sons har- 
mmiques. Try a simple meU^dy in this manner. 
Practise first with one hand, then the other. 
Afterwards play with both together. [Ex. 27.] 

Homophones. From the explanation 
given of the pedals, it will be understood that in 
harp music th(^re are neither double sharps nor 
double flats. When such occur in modem 
compoRitionK, the harpist liaR to play the en- 
harmonic* equivalent. On the piano there ih only 
one key for l)b and Ci for Kb and DJt, for 
FbandEb, for Ffe and Et, fewGb and Ftf, 
for Ab and Gjt, for Bb and Ajf, for Cb and 
B tj, and for C ^ and BJf. But on the harp, by 
means of the pedals, each of the foregoing notes 

Ex. 31. TREMOLO 



can be reprcBc*ntc*d by Hc‘paralc BtringH next to 
each other. ThcHc are called “ homophones,” or 
“HynonymK.” ( Ex. 80]. By meanKof such doubled 
noU*s, extraordinary effectR can be obtained of a 
delightful charactc^r impossible on any other 
inHtrumcmt, aftcT the* harpist lias put down. 
Bay, the pi^dals for D;j|jl, E7, F^, (>rP, A, BJT. 
and cb. This leads us to “ sliding ” effects. 

The Glissando. On the* puino it is possible 
to Accomplish this in a complete scale only, along 
the whiU* keys, or in C major. By means of the 
pcKlals, the harpist has the* advantage of the 
pianist. Delightful glissandos on the harp can 
lie made in every key, at any rate of speed, and 
with any degree of strength desircxl, from the 
softest whisper to the loud(*st sound the strings 
can give. Further, by means of the pedals, 
glorious effects can be obtained on the* double- 
action harp through the use of “ homophones,” 
to which we have alluded. 
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To prodaoe this effect, slide the thumb and 
third finger, or the thumb, first, second, and 
third finrors along any arpeggio passaae after 
the pedals have i^en suitably arranged. Pass 
the thumb down the whole succession of the 
strings. Prepare the first, second, and third 
fingers to execute the last notes just before 
the thumb reaches the bottom of the passe^e. 
For the ascending glissando, use the first finger. 
After sounding the top note, take the hand 
instantly off the string. Directions for this 
manner of pla 3 ring are indicated either by the 
word glissando or slrticciolamenlOf meaning, “ to 
slide.” After practising this effect with one 
finger of each hand, try two fingers, l^ecause the 
gliding can be done effectively in thirds, sixths, 
octaves, tenths, as well as seconds and fourths. 

Damped Sounds. The French for 
“ damped ” or muted sounds is srms etouff^. 
To get this effect, place the whole of the hand 
fiat against the strings with the fingers shut and 
their tips touching the strings. Sound the string 
by the thumb, and force the ball of the thumb 
against the string to damp the sound. Keep the 
thumb rigidly upright. Use the tips of the fingers 
by pressing them against the strings, fo give 
the thumb the necessary leverage. For sound- 
ing the next note, the thumb is got ready by a 

Ex. 32. 


Try again, as rapidly as possible. In other 
words, shaice slowly for four bars, and then do 
the next four bars quickly. To trill powerfully 
and firmly, the thumb and the elbow must always 
be held high [Ex. 29]. A delightful tremolo effect 
is obtains by doing the slmke on homopkqnes 
or strings lying adjacent which give the same sound 
after the pedals have been Adjusted tg bring 
them into unison. If the tremolo passage, or the 
shake, is a long one, use the thumb and three 
fingers instead of two. Played very softly 
on the harp, the tremolo, or shaike, has a distinc- 
tive charm. It is then marked bis bigliamento^ 
which means whispering. [Ex. SO]. 

Tremoloed Arpeggios. This glori- 
fication of the ordinary arpeggio was intro- 
duced by the harp virtuoso. Parish Alvars. It 
requires considerable practice. Briefly, it is 
the rapid repetition of three or four notes, as 
shown in Ex. 31. 

The guitar sound effect is indicated in harp 
music by the words sons dongles^ or nail-sounds. 
These are created by striking the strings near 
the wrest-pins with considerable force, using the 
nails. Employ the tips of the fingers if the nails 
are not strong enough. 

Lute Sounds. The words “near the 
soundboard ” usually indicate the lute effect. It 
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slight movement. Notes to be played in this 
manner are marked m the music thus For 
marches, chords struck in this way are very 
appropriate. To play them, keep the elbow 
low. Round the fingers loss than usual. The 
palm must be close to the strings, so as to stop 
the sounds at once. As the right wrist is sup- 
ported by the soundboard, the damping with 
the right hand is done by the fingers. 

To accomplish the shake the student must 
practise patiently and continually. The shake 
is produced by sounding one noU^ and the 
next higher to it quickly, and repeating the 
operation as long as is necessary. Take care to 
move the fingers only. Keep the wrist flexible, 
and avoid any motion of the arm. Although 
only two notes are sounded, the shako is 
done best by using three fingers. Strike the 
upper note with the thumb. Sound the other 
note with the first and second finger alternately. 
[Ex. 28.] 

Chain ShaRea. It is well to practise the 
shake all up and down the scale. Use both hands 
alternately. Sound the notes at first very 
slowly. Always practise the shake in strict 
time. After exercising the fingers deliberately, 
double the speed. Go back to the slow tempo. 


is supposed to resemble the tone of a wire-strung 
lute when struck bv a plectrum. In this case 
press down the soundboard slightly with the fingers 
of the left hand, after each note has been struck 
as before near the pegs with the right hand. The 
pressure of the left fingers on tlie soundboard 
must be at the opposite end of the string actually 
struck. So as to give resistance to the tips of 
the fingers, use the thumb as a lever on the 
body of the instrument. This manipulation 
gives a portamento effect to the vibration, so 
that the sound of the string seems to be carried 
on to the next one. 

Unique Effects. Amongst peculiar achieve- 
ments indulged in by good harpists is that of 
altering the pitch of a sound by pressure of a 
pedal. Thus, play B !?. Immediately press down 
the B I? pedal one notch. The vibration of all 
the B b strings pulsating in sympathy with the 
one struck will be raised half a tone to Btl. 
The sound, although the string is not again 
struck, glides up spontaneously a semitone with 
an a^lian effect. This ingenious device is often 
used when two notes, one half a tone above the 
other, ore connected by a slur. In music, the 
indication is liez par la pedaUf or linked by the 
pedal. [Ex. 32.] 


Harp concluded 
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Machine Driving Belts. Driving 
power from steam, gas, and water has to bo 
transmitted to the machinery by means of 
shafting, with tooth and pinion wheels, by rojMjs, 
or by Ix'lts on pulleys. In some factories we 
find a combination of all three methods. The 
main drive may be transmitU'd from the engines 
by ropes on to the main shafting, tooth and 
pinion wheels taking the power along the ceilings 
of the machine-rooms on shaftings, from which 
belts take th<‘ power to the machines. Every 
workman has, or ought to have, a good opinion 
of the products of his trade. If you ask a mill- 
wright what is the best sort of drive, he will 
say that it is the tooth and pinion, of course, and 
give very strong reasons for his opinion ; if you 
ask a rope-maker the same (juestion, he will 
prove to you, beyond all cavil, that tht* rope drive 
is unequalled, for heavy work cs|iecially ; and 
th(‘ leather belt maker has an even stronger 
assurance of the superiority of leather belts over 
all other power transmitt(*rs. It may be trad(‘ 
conceit, but we hold strongly to the idea that 
the belt drive is sujierior to all others for general 
purposes. Rope drives are difficult to regulate, 
the ropes being apt to develop different rates of 
8pe(»d, and produce an oscillating motion very 
trying to machinery ; the leather belt, being a 
unity, runs at one speed. Tooth and pinion 
wheels are liable to break without a moment’s 
warning, a sudden jar smashing the teeth and 
bringing the machinery to a standstill while a 
new wheel is being got and put in place ; leather 
belts, on the other hand, give Jong warning, and 
in ease of a break, a repair sufficient to carry 
through the work of the day is only a matter 
of a few moments. 

Engineering Skill Useful. Ah he is 

the coadjutor of the engineer and machinery 
user, the lielt-maker should jiossess more than 
a smattiTing of mechanical scKuiee In the 
course of his work he will be called ujjfin to solve 
many problems in mechanics. A leather licit 
maker who acquires a reputation foi ability to 
help the engineer or the factoiy manager over 
difficulties is sure of suec€*HS ; without that 
reputation and ability, he might never get a 
footing on the market. Moreover, the belt- 
maker is frequently offered tasks involving 
a high degree of engineering skill. To the 
uninitiated it secerns impossible to transmit 
power round a comer with b<*ltH ; but it 
can be done, as our illustrations [23 and 24] 
show. It is in extensions of works that most 
of these problems come into existence. For 
some reason, the added building cannot be built 
in line with the old factory ; the new wings must 
be set at obtuse angles ; the main shaft of a new 


department needs to bo set at right angles with 
the engine — for these eccentricities, and many 
others, the belt-maker has to be prepared. 

At the very least a knowh^ige of mechanics 
is a defensive weapon Without which the maker 
of belt-8 may often be unjustly put down. The 
belts are frequently blamed for the faults of 
the machinery. Many instances of this could 
Im‘ given. A common cause of dispute between 
the lielt-maker and the belt -user is the heating 
of bearings that stiffen the drive and bring about 
a disastrous break. When the cause is hurriedly 
sought, the bearing has cooled down, and 
because no otluT thing seems guilty the belt 
is blamed. 

Use of Belts. The earliest and most 
obvious use of the leather driving belt was as 
a substitute for cord in power transmission 
over short distances. We can trace the steps 
by which the belt entered industry in the 
cotton manufacturing proc(‘88. First there was 
the spinning wheel, the spindle of which was 
driven by a cord from the wheel ; next the 
improveef hand loom, with leather thongs on 
the picking handle ; then the spinning machines, 
with shafting driven by water power, and the 
belts connecting the pulhys on the shafting 
with the sjiinning frame. For a long time the 
belt drive was only used for small work — the 
driving of lathes, planers, looms, and all machine 
tools ; but the main drive was entrusted to the 
millwright. To th(‘ ciiutious, solid- working 
engiuiHU's of the early nineteenth century, the 
belt seemed a risky vehicle for high powers. 
What thc‘y would say now, if they saw a belt 
carrying 500 h.-p., it is impossible to guess; but 
the fact would certainly surjirise them. Makers 
of power transmitters have contended for 
the main driven as th(* pri/.i* to be won. Both 
engineers and leather manufacturers in this 
country seemed for a long time to consider 
leather belt out of the running for that high 
function. Betw(‘cn the engine an<l the driving 
machinery a space of as much as 150 ft. some- 
times intervenes ; to piece the availnhh* lengths 
of leather hide together into such a length 
seemed, Udore it was successfully undertaken, 
a task insurmountable. The bri'adth, too, for 
carrying high powers was a problem. Rojies 
could be multiplied to n(‘ed, tooth and pinion 
wheels could be made any size, woven belts 
might be made any breadth ; but the breadth 
of the hide alone was accepted as the limit of 
the breadth of a belt. 

An American Example. Hero wo 
come upon one of the indirect benefits civilisa- 
tion has derived from colonisation of wild 
and distant lands. So long as ho had a 
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millwright or a rope-maker handy, the engine 
builder might never have given leather a chance 
of helping him ; but away out in the backwoods 
of America the case was wholly different. 
The hardy lumberer had water-power, timber, 
and oxhides in plenty ; but the millwright was 
far away, and freight of iron and steel is costly. 
But the pioneers of our race are handy men, to 
whom practical difficulties are merely a stimulus 
to invention. They made water-wheels and 
driving shafts of wood, and driving-belts out 
of the raw hides of oxen. When the bullocks 


One square inch of belting is equal to a belt 
4 in. broad, ^ in. thick. These tests are purely 
experimental, and^bad conditions will altogether 
throw them out ; but a wise belt-user is sure 
to allow a considerable margin of strength. 

Belt Velocitiee. The ability of belts 
to transmit power may be increased or dimin- 
ished by several conditions. ‘'It is well, known 
that wooden pulleys have a greater a^esion 
than metal ones, and lie more kindly to the 
belt. Observing this, some engineers offer 
leather-covered or rubber-covered pulleys to 


were skinned, the hides were nailed upon 
wooden frames, and there dried and cured 
with the hair on. Cut into strips, the hides 
were softened by friction and grease, and laced 

together into the lengths and r -,- 

breadths required with raw-hide I 

thongs. When population came 

along, and the settlement grew into 
a town, machinery also came, and (C^^( 
the raw-hide belts rose to higher 
usefulness, their lightness, strength, 
and handiness giving the belts prefer- I 

cnce over all other transmitters. I ^ 

The belt-makers in the Motherland I I 

were not long in profiting by the I I 

example of our kinsmen beyond the I I 

seas, and began to undertake the I I 

whole of the power transmission, I I 

from engine to machine. Within II 

recent years the trade has grown II 

to large dimensions, and driving- 
bolts are the familiar friends of all 
engineers. larger and larger bolts ^1 
are being demanded, and, of course, ^1 
a corresponding improvement in ^1 

strength and lightness required. |H| 

Belts 6 ft. in breadth and of great 
length are constantly in use at the 
present day, and belt-makers will r 

cheerfully guarantee efficiency in ^^1 

belts 12 it. broad. 

Values of Belts. The qualities 
required in a driving-belt are ( 

strength, durability, and conveying 
power, with a minimum of stretch. - • — = 


manufacturers desiring the best kind of drive. 
Wooden pulle 3 rs, or pulleys covered with leather 
or rubber, .almost double the draught of the 
belt ; but the bare metal pulley wears longest 

f and gives the most constant drive. 

Our calculations, therefore, are based 
on the use of metal pulleys. What 
might be called velocity problems 
Qj 1 take three forms, proceeding from 

two known factors to an unknown. 
First, and most important : at what 
speed will a belt, running at a certain 
velocity on a given diameter of 
— ^ I pulley, drive a shaft ? Secondly : 

I what is the diameter of pulley 

I required to develop a certain belt 

I velocity, with a shaft running at a 

■ given speed ? Thirdly ; what is the 

I belt velocity developed by a shaft 

I running at a given speed, with a 

I pulley of a certain diameter ? The 

fl three factors are mutually related 

B and coefficient, change in the one 

iH altering the other two. The table 

■ itself, shown on next page, best 

H illustrates the principle. 

H Transmitting Power. We 

■ have left the most important set of 
questions to the lost. Every user 
of power is deeply concerned about 
how much horse-power he can get 
I I out of his engines and gearing. The 
I^IJ question the belt -maker has to 

^ answer more frequently than any 

other is : What is the transmitting 


On these points ample data have transmitting powkr power of your drive ? This is the 
been supplied by the trade. In the (Shaft^ at rittht angieB crucial point, and really involves all 

various tables compiled we have others. Horse-power 1-in. width 

found considerable discrepancy ; but the follow- leather belt will transmit : 
ing have been drawn from reliable sources and 

practical experiment : j Sintole Belt. Double Belt. 


Belt Speed 
per Minute. 


TENSILE STRENOTH OF LEATHER BELTS 
PER SQUARE INPH. 


Pressure at 

Per Cent. 

Tannage. 

Breaking- 

of 


point. 

Stretch. 

Be'9t British Oak -tanned 

it> 

5,74« 

24 

Best Foreign Oak -tanned 
Common British Oak- 

4,974 

25-4 

tanned 

Common Foreign Oak- 

4,243 

26 

tanned 

2,708 



Finest Chrome -tanned . . 

1 0,060 

32 

Alumned and Stuffed . . 

11.900 

38-3 

Alumned Rawhide 

13,100 

31-4 


Diameter 

of 

Pulley. 

Belt Speed 
per Minute. 

Diameter 

of 

Pulley. 

Ft 

Ft. 

Ft 

U 1 

2,400 

U 

2 

1,600 

2 

2^ 

1,240 

21 

3 

1,066 

3 

31 

960 

3A 

4 

800 

4“ 


680 

6 

6 

633 

6 

7 

467 

7 

8 

400 

8 

0 

356 

9 

10 

260 

10 
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TABLE OF BELT VELOCITIES. 


Diameter 
of Drum, 
Ft 





Sf 

4 1 

4i 


628 

786 

042 

1,090 

1,266 

1,413 

1,727 

600 

863 

1,036 

1,208 

1,381 

1,664 

1,899 

763 

942 

1,1.30 

1,318 

1,607 

1,696 

2,072 

816 

1,020 

1,224 

1,428 

1,632 

1,836 

2,246 

879 

1,099 

1,318 

1,638 I 

1,768 

1,978 

2.417 

942 

1,177 

1,413 

1,648 j 

1,884 

2,119 

2,690 

1,004 

1,266 

1,607 

1,768 1 

2,009 1 

2,260 

2,763 

1,067 

1,334 

1,601 

1,868 

2,136 

2,402 

2,936 

1,130 

1,413 

1,696 

1,978 

2,260 

2,643 

3,108 

1,193 

1 1,491 

1,789 

2,088 

2,386 

2,684 

.3,281 

1,266 

1,670 

1,884 

2,198 

2,612 

2,826 

3,464 


BevB. of 
Shaft 
per miSI 

100 

110 

120 

KIO 

140 

160 

160 

170 

180 

100 

200 


Slipping Belts. The practical details a 
leather belt maker has to consider are very 
numerous, and wc can only touch on a few of the 
more important. When the belt slijw, it is a 
temptation to adopt flanged pulleys ; but 
this may only add to the mis- 
chief. ^e pulley is most likely 
off the plumb, and the Iwlt, In^ar- 
ing up against the flange, is cut 
and frayed to pieces in tio time. 

To many the side of the belt 
which should lie next the pulley 
seems a matter of indifference, 
and some pn'fer the grain side 
because it presents a rougher sur- 
face. Hen* are two errors. Hard- 
ness is the last quality lo be desired 
in a iH'lt surface. The natural 
bend of all leather is towards tin* 
flcnih side. Nature is emphatic on 
this point. The skin is a wrap 
round the body of the animal, and 
curves to the flesh it covt*rs. 

Given fair play, the flesh side of 
the lH*lt will hug the pulley and 
carry away every ounce of power 
from the driver and put< it on to 
the driven pulley. 

Belt to Pulley. The relations 
of belts to pulleys call for attention. 

The pulley should always be wider 
than the belt, and allow for the play 
of the drive. Narrow pulleys cut 
and score belts. The diameter of 
the pulley should be proportion<*d 
to the thickness of the belt. For 
heavy drives a thick b(*lt is needed, and a machine 
user wants to got the highest shaft speed possible 
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apt to 

small pulleys. But to lienda ix'lt f in. thick round 
a drum 4 in. in diameter is suicidal The bend 
produces creases, the creases wear, and the belt 
cracks. A gentle curve produces no appreciable 
strain on the leather, but a severe bend un 
doubtedly does, and takes from the tensile 
strength of the belt. 

Compound Drive. Perhaps the most 
remarkable discovery made in regard to belting 


I during the past forty 

■ years was the prin- 

ciple of compound- 
ing introduced by 
J(mn Tullis. Seeing 
a locomotive engine 
with coupled wheels 
I working with a 

ft. por nun. heavy load on one 

I »» pair of rails, the 

' ’* ” inventor thought that 

a pair of belts work- 
ing on one pulley 
ought to carry some- 
thing like double the 
power. Ho tried the 
idea by experiment, 
and found the theory 
correct. This simple expedient has saved much 
trouble and expense. If you want to transmit, 
say, a third mort^ power, the common rc^course 
would Ik' larger or more pulleys and wider belts ; 
but all you have to do is to put a belt on the top 
of the old one already working. 
Eai'h belt takes its own drive from 
the engine to the shafts, and in- 
creases the driving power by 1(K) 
per cent. Compoundin||; has given 
a mobility to belt-driving very 
wonderful to the mexperiencecl. 
On a single driving pulley you can 
put six driving belts, and let (uich 
driving belt drive a different shaft, 
with practically the sami* result os 
if you hiul erected six driving 
pulleys. 

Successful Compounding. 

Many instances are given by the 
inventor of success in the usc^ of 
compound belt-driving ; but w<‘ 
can only give two instanc(‘s which 
illustrate the service of the device 
in overcoming a difficulty. Some 
years ago, extimsions were b(‘ing 
made in a London flour mill, 
(h'mandiiig from 80 to 100 per 
cent, more power. The (‘iiginc 
WHS quite captible of doing this, 
but th(‘ 14-in. belt was good for 
no more than it was driving. 
The first idea was to put in wider 
pulleys ; but, as this involved 
much expense, both driver and 
driven being confin(»d in a small 
space close lo a main wall, the compound drive 
was resorted to. A 17-in. double orang<‘-t an belt 
was put on next the pulley, and the old 14-in. 
double was put on top of it. This gave 100 per 
cent, more jKiwcr at onc(‘, and the belts worked 
satisfactorily. A firm of linoleum manufacturers 
in Antwerp wen* also taken out of a difficulty 
They wore driving with a pulley of small dia- 
meter at high spet^, and the double belt m use 
at first was unable to lift the load. Two single 
orange-tan belts, each 22 in. wide, were put on, 
and the whole difficulty was overcome. 


Continued 
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Group 6 

cHEinsrsT LACTIC AND SOME TOXIC ACIDS 

25 The Acid of Milk and its Properties. The Amides. 

coDtiniiedfrom Prussic and other Acids and their Antidotes. Cyanogfen 
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By Dr. C. W. SALEEBY 


pURTHER on in the series of hydroxy acids we 
* come to an extremely important brniy known 
as Ictctie acid. It is none other than hydroxy-pro- 
pionio acid. Propionic aoid has already been 
named and its formula given. Plainly, the 
hydroxy acid derived from it must have the 
formula CHg-CHOH-COOH. This differs from 
the formula of propionic acid only in the 
middle term, which contains a hydroxyl instead 
of a hydrogen atom. Lactic acid is so called 
because of its production in milk, and a good 
deal has already been said of it, apropos of 
butyric acid and its production. Thus, the 
easiest fashion in which to prepare . lactic 
acid is simply by lactic fermentation of sugar. 
When milk turns sour the cause is the pro- 
duction of lactic acid from the lactose of the 
milk under the influence of the lactic acid 
bacteria, first discovered by Pasteur. The 
characteristic sugar of milk, known as lactose, 
has the formula CjuKoyO,!. Add to this one 
molecule of water, and we see how the whole 
may fmlit ^ into four molecules of lactic acid 
CgHflO.j. The process is really much more 
complicated than this statement, which will 
suffice, however, for our present purpose. 
In 1877, Lord Lister discovered what he called 
the baciUvs lactis, which may or may not have 
been identical with that previously found by 
Pasteur. To-day we know a very large number 
of different bacteria that can cause this fer- 
mentation ; indeed, more than a hundred 
different bacteria are known to do so. 

Lactic acid is of great interest for three 
distinct reasons — in the first place, chemically ; 
in the second place, historically ; and in the 
third place, practically. We must proceed, 
then, to consider it from these three points 
of view, though the very interesting history of 
the subject can be discussed only incidentally. 

The Pure Chemistry of Lactic Acid. 
Hitherto we have spoken as if there were only 
one lactic acid, but as a matter of fact, there are 
more than one. In the first place we must note, 
merely as a matter of theoretical importance, 
that there is a second lactic acid which differs 
from the first in the internal arrangement of 
its atoms. Its constitutional formula differs 
from that of ordinary lactic acid, already 
given, since the hydroxy] group is in a different 
place. It runs thus: CH 2 OH— CHo — COOH. 
fVom the purely chemical point of vieV we may 
say, then, that there are two hydroxy-propionic 
acids, and we may distinguish them by the 
Greek letters alpha and beta. 

But if we confine ourselves to ordinary lactic 
aoid, we find that it also is of more kinds than one. 
In the first place, there is the acid which is 
obtained from milk by a process so important 
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that we must afterwards describe it carefully. 
This acid is optically inactive — that is to say, 
it has no action upon the plane of a ray of 
polarised light when this is passed through a 
solution of it. But we have already seen that 
there is at least one optically inactive organic 
acid which, on investigation, proves to be 
inactive merely because it consists of suitable 
proportions of two acids, one lopvo-roUUory or 
left -handed, and the other dextro-rotatory or 
right-handed. The same is true of lactic acid. 
If we take muscular tissue and treat it suitably, 
we obtain lactic acid from it, and this, since it 
is derived from flesh, is usually known as sarco- 
lactic acid (Greek aarcos, flesh). The name 
implies, by the way, that it comes both from 
milk and from flesh, which is absurd, but still it 
is convenient. Now sarcolactic acid differs from 
the more familiar lactic acid of milk in that it 
consists almost entirely of the right-handed acid. 
The two acids are of equal, though opposite, 
optic activity, and the inactive acid derived from 
milk therefore consists of the two acids in equal 
proportions. 

Asymmetrical Carbon Atoms. Already 
some brief mention has been made of the question 
of symmetry in organic compounds — that is, 
symmetry of molecular constitution. We may 
now proceed to give the rigorous chemical defini- 
tion of what is Imown as an asymmetrical carbon 
atom. It is one, each of the four hands of which 
is holding on to a different atom or group of 
atoms. This is the case in lactic acid, as we 
shall readily see if we write out the formula in 
the graphic form : 

CH, 

HO—C— COOH 

Now the above formula is undoubtedly correct, 
but it is not the only possible formula. Suppose 
we held it up to a mirror and read it in the mirror, 
it would be the same and yet not the same. Your 
two hands are the same, and yet they are not 
the same. You would recognise this if you were 
suddenly provided with a left hand at the end 
of your right arm instead of your right hand. 
Similarly, in the case of many organic com- 
pounds, the molecular structure of two bodies 
may differ only as one’s right hand differs from 
one’s left. Youy two hands are bot^ human, 
and at birth, at any rate, were both identical in 
every respect save one ; it is just tbat one respect 
in which right and left-handed lactic acids, for 
instance, differ from one another, and in that 
alone. We have purposely used the analogy 
of human hands because it seems a happy one, 





and becaose the association of ideas cannot fail 
to reoiJl it to the reader's mind whenever he 
is asked to explain, at a moment's notice, the 
difference between two such closely similar 
bodies. But, of course, we must not be confused 
by Aie use of the terms right and left-handed 
in the names of the acids. They are so-called 
not by ftnalogy with hands, but because they 
turn we plane of a ray of polarised light to the 
right and left respectively. A little criticism 
can show, by the way, that the terms right and 
left can really have no meaning in relation to 
rotation, and it is a curious and significant fact 
that language provides us with no better sub- 
stitutes for them than clockwise — that is, in the 
direction of the hands of a clock — and contra- 
clockwise. 

The philosophic reader will see that, in dis- 
cussing a matter apparently so prosaic as the 
difference between two kinds of acid found in 
sour milk, we are on the verge of considerations 
which raise the whole question of a conception 
no less stu^ndous in its significance than our 
fundamental conceptions of space and spatial 
relations. 

Molecules and Light. If the reader 
be one of those '^rho ponder over things after he 
has read them, yet another consideration will 
occur to him. When wo were discussing th(‘ 
r(‘fraction and the reflection of light in the 
course on Physics, it was pointed out that our 
statement of the dogmatic laws of those pheno- 
mena must not lead anyone to suppose that wo 
understand the actual relations of ethereal 
waves to ponderable matter. Is it not evident, 
however, that we are beginning to accumulate 
facts that will help us when realise that, of 
two molecules, which differ from one another 
only as a right hand differs from the left, one 
will act upon a plane of etheral vibrations so as 
to turn it clockwise, and the other s() as to turn it 
contra-clockwise ? Why and how, we cannot 
yet say, but we must hold fast to the extremely 
important generalisation that 'polarised light can 
he related only hy bodies whose fnolecules possess 
an asymmetrical carbon atom. So much for the 
pure chemistry of lactic acid. 

Sour MilK. It has been proved beyond 
dispute that the souring of milk, or its lactic 
acid fermentation, depends necessarily upon the 
pr(‘sence of living organisms. It dfx*s not occur 
spontaneously. If the organisms be excluded, 
milk may be drawn and kept for months without 
undergoing any change that can be detected. 
Pasteur first ^stinguished the lactic ferment 
from the alcoholic ferment. He found that 
when milk turned sour, there was usually a grey 
deposit consisting of bacteria. “ Pasteur then 
introduced a trace of this deposit into a solution 
of sugar to which he had added a decoction of 
yeast and some chalk, and in this artificially- 
prepared liquid he thus obtained lactic acid 
fermentation. Prom tnis fermenting fluid he 
again transferred a slight trace to a similar 
solution of sugar, and so on, invariably obtaining 
the lactic ^mentation and invariably finding 
the same corpuscles in the deposit.” [** Bacteri- 
ology of Milk,” page 155. | 
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We shall proo^ to quote freely from the 
standard, if not indeed the only, notable work 
that has yet been written upon the bacteriolo^ 
and bacteriological chemistry of milk and its 
products. The lactic organisms produce appre- 
ciable amounts of lactic acids only at somewhat 
elevated temperatures. If the amount of acid 
rises much a^ve 2 per cent., the growth of the 
lactic acid bacteria is inhibited.” In general, 
the lactic acid bacteria do not form spores, and 
can therefore be killed readily by heat. Some 
are anaerobic, growing best in the absence of 
free oxygen. They sour milk best in deep 
vessels, and produce a right-handed lactic acia. 
Others produce various gases ir\ the course of t.ho 
fermentation — the production of which gives 
theur character to certain kinds of cheese. The 
arrest of the process of fermentation by its own 
products may be noted, as it is Similar to what 
we have already seen in the case of alcoholic 
fermentation, and would appear indeed to be a 
general principle in fermentative processes. 
Milk turns sour most readily “ at betw^n 35” C. 
and 42” C., and when 2 per cent, of lactic acid is 
reached, the process of further production ceases. 
If the milk Ix) then neutralised with carbonate of 
lime, the process of fermentation will recommence 
until the acidity again stands at 2 per cent.” 

Milk and Hot Weather. Everyone 
knows that during the hot months of the year 
infants die like flies in all our large citic^s. One 
of the chief causes of this is the decomposition 
of the milk on which they are fed, and the reason 
why the hot months are so fatal, and why a cool 
summer saves many thousands of lives, i«< that 
the temperature we have indicatt^d is the best 
temperature for the fermentation of milk, which 
proceeds rapidly in proportion as tliat tempera- 
ture is approached. Part of the modern treat- 
ment of milk is to cool it to a point little above 
freezing point within a few seconds after it is first 
drawn. Really, no milk shou Id be sold which has 
not boon Bubject<»d to this process, unlosh it is to 
be drunk immediately after being drawn. 

This is not the place in which to discuss the 
origin of the lacjtic acid bacteria. It has been 
conclusively proved that they are newer a normal 
and original constituent of the milk, but are 
invariably ” a secondary containmatjon of the 
milk from some external source.” 

Evil Results. The reader must not ima- 
gin<% however, that the lactic acid fermentation 
of milk is to be looked upon as entin^ly evil. 
It has two very different aspects. The lactose of 
milk is one of the most valuable of its food 
constituents, and if it be decomposed before the 
milk is drunk the food value is lost This is a 
serious matter in the case of an infant, but not 
the most serious. For the lactic acid is itself 
injurious to the delicate internal structure of an 
infant, as also is the growth of the bacteria which 
produce it. Well worthy of note is the significant 
fact that the one carbohydrate supplied by 
Nature for food purposes — namely, the lactos(» 
of milk — is far more resistent to fermentation 
than ordinary sugars. This is one reason why 
sugar of milk is much preferable to cane sugar 
or to glucose in the artificial feeding of infants. 
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Good Rooulto. But, on the other hand, 
lactic acid fermentation of milk ia of very con- 
siderable economic value in the right fjiace. In 
this complex world there are few things that are 
wholly good or wholly evil, and probably none 
that are good or evil in themselven. These ad- 
jectives can be applied only to the appropriate- 
ness or unappropriatenesn, the fitncRs or unfit- 
ness of thing) — in short, not to themselveB, but 
to their relations. 

Thus lactic acid fermentation causes what is 
known as the ripening of cream, and this is a 
process of very great value, as everyone ought 
to know who has over tasted butter. At the 
resent day economic bacteriology — whic'h is to 
e discuss^ in a subsequent course — is making 
an exhaustive study of dairy bacteriology, and 
very notably of the conditions of lactic acid 
fermentation, •which is all-important in the 
making not merely of butter, but still more of 
ohooHo. The lactic acid bacteria constitute 
about 95 per cent, of all organisms present 
during the ripening of cheese. We have already 
hinted that the a])pearance of Gruyero cheese is 
due to the activity of organisms which, in the 
courst' of the production of lactic acid, also pro- 
duce gas. 

The Views of Professor MetchniKoff. 

Quito recently the world-famous scientist. 
Professor Metchnikoff, of the Pasteur Institute, 
has made studies which suggest a nc‘w 
importance for lactic acid This subject must 
briefly be referred to, and for further details 
the reader may lie referred to MetchnikofT’s 
“Nature of Man” (English translation, Heino- 
rnann, 1903), and also to the second of Professor 
MetchnikofT’n Harben Lc'ctures, delivered at 
King's College on May 28th, 1900. In the 
chapter entith^d, “ The Scientific Studv of Old 
Age,” in the book referr<»d to. Professor Metchni- 
koff )K>ints out that civilised man suffer,', con- 
siderably from the eflects of fermentation within 
the alimentary canal He goes on to show that 
the la('tic acid bacteria contained in milk, and 
especially in sour milk, arc inimical to the 
development of the ordinary bat'terin of putre- 
faction, since these latter multiply only m an 
alkaline medium. He says “ the lactic acid 
microbes produce large quantities of acid, and ^o 
hinder the multiplication of the organisms of 
putrefaction. Putrefaction takes place rapidly, 
in spite of the presence of the lactic acid microbes, 
if there be added soda to . . . meat or milk.” “ It 
is plain, then, tliat the slow intoxications that 
weaken tlic resistance of the higher elements of 
the body . . . may be arrested by the use 

of kephir, or, still better, of sour milk. The latter 
differs from kephir fan effervescent alcoholic 
sour milk prepared by the inhabitants of the 
Caucasus from the milk of goats, sheep, and 
cows], m that it contains no alcohol, and alcohol 
in course of time diminishes the vitality of some 
important cells in the body. The presence of a 
number of the lactic acid bacteria is inimical to 
the growth of the bacteria of putrefaction, and 
so is of great service to the organism.” 

Hence, Professor Metchnikoff and many of his 
disciples make a point of drinking some sour milk 
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every day, and the evidence seems to he acouma- 
lating in favour of the view that this practice 
promotes health by “ preventing the development 
of butyric and putrefactive ferments which 
should be regarded as redoubtable enemies.” 

The Amides. The group NHo is knoSm as 
the amido group, and may replace various other 
atoms or groups in many organic compounds. 
Thus we have amido acids very closely allied to 
the hydroxy acids which we have just been con- 
sidering. In them the amido group replaces the 
hydrogen of the acid. Similarly, there are a 
number of amides in which the amido group 
occurs. The most familiar of these is acetamide, 
the name of which indicates that it is a derivative 
of at*etic acid. Indeed, it is simply acetic acid of 
w'hich the hydroxyl has been replaced by the 
amido group. This acetamide must be regarded 
both as an acid and a base. It is a base in virtue 
of its relation to ammonia, and thus, like am- 
monia, it forms a hydrochloride, the formula of 
which is that of acetamide plus that of hydro- 
chloric acid. But, on the other hand, it may be 
regarded as an acid, since certain metals can 
replace one of the hydrogen atoms of the amido 
group. It is a white crystalline solid, in this 
respect resembling all the other amides except 
formainide, HCONH^, which is a liquid. 

Prussic Acid. It can be shown that hydro- 
cyanic acid or prussic acid, with its salts, the 
cyanides, is related to the amides which we have 
just been considering. This is an extremely 
important body from many points of view, and 
must be carefully considered. Its chemical nam(' 
indicates its formula, which is HCN. Its popular 
name indic^ates ita relation to the well-knowm 
pigment called Prussian blue. Though this body 
18 an extremely powerful poison, it is a very 
feeble acid. Its history is of very great chemical 
interest, for it was very carefully worked at by 
Gay-Lussac, w^ho came to the conclusion that its 
constituent CN must be regarded as a unit. 
Subsequently he discovered that this unit exists 
by itself, and he gavi* it the name of cyanogen. 
It was from this time that there dates the ex- 
tremely valuable idea in chemistry of a “com- 
pound radical.” 

Preparation of Prussic Acid. There 
are several ways in which prussic acid can be 
prepared, and we may first of all name some of 
those which are of chemical interest. For instance, 
it is produced by the distillation of formamide, 
the body we have just discussed. Remembering 
the formula of formic acid, the reader will be 
prepared to believe that that of formamide is 
HCONHj. Each molecule of this simply splits 
up into one of prussic acid and one of water. 
Again, in confirmation of the acid nature of this 
acid, it can be prepared by doc'omposition of a 
cyanide. This is usually done when it is required 
to be free from water or anhydrous, ^y sul- 
phuretted hydr^igen acting on dry lead cyanide. 

H,S + Pb(CN)2 - PbS -i- 2HCN. 

This process, however, is extremely dangerous, 
since prussic acid is volatile, and it must, there- 
fore, be carried out under conditions which ensure 
that the operator is not subjected to the risk of 
breathing it. 



Hie oommerrial prooess for ^ pnptmiAoa 
of this add depends upon the decomposition of a 
complex salt which we shall study shortly, and 
whi& is loiown as /erroepantds of potasaium^ its 
popu|{ur name being pruaaiate of potash. The 
decomposing agent is sulphuric acid. 

Chari)pter« of Praaaic Acid« At 
ordinary temperatures the acid is a colourless 
liquid which, however, boils at only 26*5° C. 
The vapour, as might be expected, is inflam- 
mable, yielding car^nic acid, water, and nitro- 
gen. At not very low temperatures ( - 15° C ) 
prussic acid freezes. As prepared by ordinary 
means, the acid is mixed with water, with which 
it mixes in all proportions. The acid is extremely 
difficult to keep, as it is apt to undergo what is 
called spontaneous decomposition. Though it 
is chemically an acid, it scarcely reddens blue 
litmus paper at all. It forms salts with alkalies, 
but it is so weak that it is incapable of decom- 
posing oven an alkaline carbonate. It is thus 
classifled by toxicologists or students of poisons 
with two other acids, oxalic and carbolic— iaier 
to be studied —which exert their characteristic 
actions upon the liody independently of their 
acid projierties. Unlike sulphuric acid, for 
instance, they are poisons not because they an* 
acids. Oxalic and carbolic acids ]kjsscss also 
the caustic properties typical of acids, but 
prussic acid, which is a far more deadly poison 
than either of them, has no caustic properties 
at all. 

Prussic Acid and Living Matter* 

Prussic acid must by no means be considered 
the most deadly of poisons so far as its dose is 
concerned. Quantities of it are constantly given 
in medicine — in dilution, of course— scores of 
times grcjater than would lie fatal in the case of 
many other aubstances. But it is pre-eminent 
on account of the rapidity of its toxic action. 
One drop of the pure acid merely plac*e<l within 
the eye of a dog will kill it instantaneouHly. 
Tlxis body is a protoplasmic ])oison — that is to 
say, it is directly toxic to prottiplusm wherever 
found, whether in the lowliest plant or the 
highest animal, and yet it dws not coagulate 
proteids such as are found in all protoplasm, nor 
does it act by withdrawal of water. From our 
present point of view, we may divide the various 
salts of this acid into two distinct groufw. In 
genera], the single cyanides, such hh yKitasHium 
cyanide, are almost as poisonous as the arid 
itself. On the other hana, th«* double cyanicicH, 
and also the single cyanides of iron and platinum, 
have no poisonous properties at all. This fact 
is easily explained. Tlie toxic cyanides are 
those which are instantly dccompt>sed by the 
body, prussic acid itself being lilierated. Tlie 
innocent cyanides are so because they are 
incapable of decomposition by anything m the 
body. Such a single cyanide as that of p< itassi u m 
is readily decomposed even by carlKinic acid, 
which abounds everywhere in the body 

Why Prusaic Acid Is a Poison. A 
complete chemical explanation can be given of 
^ reason why prussic acid kiUs every iform of 
living matter. It absolutely and instantaneously 
arrests that oiddation, without which proto- 
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plasm cannot continue to live. Thus, in the 
case of instantaneous poisoning by prussic acid, 
the whole of the blooa of the body is found to 
be of a bright colour. It contains nothing but 
oxyhwm^lobin, the decomposition of which has 
boon entirely arrested by the primsio acid. The 
poison acts indifferently upon every kin<l of tissue 
in the body — alike on the muscles, the glands, 
the nerve cells, the nerve trunks, and the nerve 
endings. Its extreme volatility helps to explain 
the rapidity of its ac^tion, but is of importance in 
regard to the treatment in cohch of prussic acid 
poisoning. 

Antidotal Meaauroa. All treatment 
of these cases is usually futile, but nevertheless 
ocH^osions may arise in which the rtuiders of this 
paragraph may save a life if they an) energetic 
enough. The all-important question is one of 
time in these eases, and what is done must he 
done qiiiokiy. It is usually quite useless to give 
doses of atropine subcnitaneously, for time is 
not availablf*. Brandy may be ac(*oHBible, how- 
ever, and also inhalations of ammonia. But 
far and away the most important help which 
can lie rondcnxl by the bystander is the perfor- 
mance of artificial respiration. I’he elumiieal 
antidote for prussic acid is of no value in )iractice. 
It consists of the administration of a mixture of 
a ferrous salt, a ferric salt, and caustic potash, 
with the formation of non-poisonous Prussian 
blue in the stomach. Kven if all these sub- 
stances weiv ready at hand, however, they could 
not avail to neutralise the prussic iu*id uliieh is 
instantaneously absorbed from the stomach. 

1'h«» very marked values of this drug in 
medicine are due to its local depressing effind 
u|Mjn nervous tissue*, which it maki*H less 
sensitive. N<*edless to say, it can bt* used only 
in extreme dilution. 

Ferrocyanide of Potassium. The 

important double lyanide known as Ifrrttcifamde 
of ptdasMium is firepared in large (|uantiti<*s by 
the interaction of m<*tallic iron, carbonate of 
IHitash, and many kinds of animal ivfiiw*. 'Phe 
salt forms jxTmanent erystals which losi* their 
water on heating, yielding a white powder VV<* 
have called it a doubh* cyariidi* as if it were Ihe 
combination of potaHsiiiin cyanide and f<»rrouH 
cyanide. But it must nrit so Iw H‘gar(h’(l 
eliemically. It is, rather, a eompoiind of potas- 
sium with the complex nulical Inrftci/anoffm^ 
which has the formula Fe(<JN),, Its formula is 
K^FefCN),, (’los<*ly allied to this important 
salt is the ferricyanide of pfitassium, whieli forms 
ri‘d crystals, wh(*reaH thow* of tia* fcrroc’yainde 
are yellow. When these two salts intenn l with 
other iron saltii they yield rK hly-i olotiK d hrslies 
which are of value as pignic*ntH TvrtdtvWs 
blue is formed by tin* mixture of the femcyiinide 
and a ferrous salt, while Pniamav blue is formed 
by the mixtun^ ol the ferrwyanide and a ferric 
salt. 

Cyanide of Silver. One of the most 
important of the metallic cyanides is the evunide 
of silver Agf'N. This salt is preoipitaieef w'hen 
nitrate of silver acts on prussic acid. Jt is a 
white substance which resembles chloride of 
silver. 
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warp, and were equally etrong in every direction, 
the door would simply be from one piece of 
stuff in. thick, or perhaps of two or more 
pieces, edge to ed^e, in order to obtain the width, 
iiut a door made in that way would not do at all. 
Its width would vary with the state of the 
atmosphere, and it would be certain to warp 
very badly. In addition to these two defects, it 
would be likely to split lengthwise. It is neces- 
sary to frame it together from comparatively 
narrow pieces arranged so that the grain runs in 
both directions, a^ so makes shrinking or 
splitting practically impossible. The widest 
places are the panels, but shrinkage in the panels 
does not affect the exterior dimensions of the 
door. If the panels were tightly held at their 
edges there would be a risk of their splitting 
through shrinkage, but they are merely slipped 
into their grooves when the door is framed 
together, and unless there arc already incipent 
cracks in them, they will adjust themselves in 
the grooves rather than split through shrinking. 

An example of shrinkage is shown in 89, in 
which a wicle piece of wo(k1 is screwed or nailed 
on a frame which cannot shrink with it. The 

late of wood has shrunk m width, and, lieing 

eld by the nails, could not contract freely across 
its width as it would if unattached. 'ITie conse- 
quence is that it cracks, and is then free to spread 
apart at intermediate places. In so wide a inece 
no care in seasoning the wood could entirely 
prevent this elTect. The crocks could be prevented 
by using a numbtT of narrow pieces sicle by side, 
instead of one wide piece, but a framed and 
panelled plate would be the only way to prevent 
variation entirely. 

Rings Built in Segments. Figs. 40, 
41, and 42 show how these weak features in 
wood necessitate building up in circular work. 
A ring cut from the solid, as shown in 40, would 
be worse than the solid door previously instanced. 
It would be worse because its interi(»r is cut out, 
and the short grain is consequently very weak. 
Such a ring would be built in segments, as sho^^n 
in 41, but at least two layers of segments would 
bo employed, so that the end joints of each layer 
could overlap each other. ( Ithcrwise it would be 
weak at the joints. It is true that such a ring 
might Ik* more simply made by cutting out two 
entire rings from the solid, and putting them 
together with their grain crossed ; but the 
objection to it would be that they would shrink 
in opposite dire 't ions, and overlapping edges 
would result. A circular plate built as in 42, 
oven of a number of layers breaking joint with 
each other, is not so strong a construction as two 
or more thin plates, cut from the solid and put 
together with grain crossed, but its advantage is 
that imifonn end grain is pre.sented round its 
cireumfenmee and Uie plate can never become 
elliptical through shrinkage. 

Properties of Wood. In the liehaviour 
of wood, when it is operated on wdth tools, there 
is also a considerable field of knowledge which 
the woodworker has to acquire. It is necessary to 
Imow its weak pai*ts, so as to avoid splitting when 
boring holes or driving nails. In planing and 
finishing surfaces, especially if the grain ^ not 
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straight, it is necessary to avoid tearing the 
surface up in consequence of planing it against 
the nain [48]. It is necessary to know how and 
to wmat extent a piece of wood is likely to shrink 
or become distorted when a fresh su^ace is 
exposed in cutting it, and also how to treat freshly- 
cut wood to prevent it fram warpi^. Waste 
should, of coarse, be avoided as much^ possible 
in marking out and cutting wood, and the good 
and inferior parts should be used in the places for 
which they arc most suitable. A piece of timber 
with curly and crossed grain [44] is not so strong 
as a straight' grained piece [45], because it is 
more easily broken across its grain. A piece 
with a great*many knots [46 J is not suitable for 
sawing into narrow strips unless the knots 
can be avoided without much waste, because a 
knot in a narrow strip naturally diminishes 
greatly the strength of the strip. Similarly, in 
a wide piece a shake or crack is a source of weak- 
ness, and such a piece w'ould be l)etter sawn up 
BO that the sound pieces on each side of the 
shako could Ik* used separat(*ly. End grain 
joints are avoided, if possible, l^cause a con- 
tinuous piece is better and stronger ; but joints 
running with the grain are not objectionable, 
and if properly made are quite equal to, and 
in some cases even better, than a solid piece of 
the full width. 

Seasoning. What the carpenter requires to 
know about timber is only a small section of a 
vastly wider subject, but it is sufficient for the 
purposes of his trade. The botanical character 
and growth of timlier trees, and the methods of 
their conversion into the commercial forms of 
boards, planks, battens, etc., do not immediately 
concern him, though it is desirable that he should 
have some knowledge of these things. When 
timber comes into his hands it has been through 
the sawmill, and has undergone a process of 
seasoning. 

Seasoning is simply allo\iing the cut timber to 
dry for three or four years bc*fore using it, or, 
alU‘matively, hastening the removal of the sap 
and moisture by artificial means If this were 
not done it would shrink and warp after being 
worked up, and if evaporation were jireventod 
by paint or other means it would decay. The 
natural sap is more objectionable, and takes longer 
to dry out than water which has penetrated afU*r 
the wood has been seasoned. One of the methods 
of artificial seasoning is to place the timber in 
running water to wash the sap out, and'thus 
leave only water to be dried out of the pores. 
Another method is to dry tpiiekly by artificial 
heat, preferably moist, tc» prevent a too rapid 
drying of the oxUirior. Tnc air is generally kept 
in motion by fans. 

Slow natural seasoning is generally considered 
better than any of the artificial methods, 
because the latter often have injurious effects 
on the quality of the wood. The beet method 
of natural seasoning is to stack the timber 
in she^ to protect it from the weather, and 
to have free circulation of air. Air space must 
be allowed between individual pieces, and 
they should also be arranged so that they ore kept 
forcibly fiat and straight. This is generally done 
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piling them on top of one another and keeping 
them sightly separated by inserting thin stripe 
between [47]. Balks are generally stacked in 
squares, with each layer transverse^ to the next 
and with considerable spaces Mtween the 
members of each layer. Deals are often stacked 
in a pile all longitudinally with each other, but so 
that they break joint, with spaces between. This 
latter method is often adopted also for narrow 
boards, but one of the reasons for this overlap- 
ping is to make a steadier pile than would be 
possible if the spaces between were continuous 
from top to bottom. Generally, the air is not 
allowed free access to end grain, because the 
evaporation of moisture there is^ much more 
rapid, and this often results in splitting at the 
ends, owing to the wood contracting more rapidly 
there than farther along (48|. To prevent this 
the end grain may be painted or grea8(‘d to close 
the pores, or strips of wood or hoop iron may 
lie nailed over it. The length of time occupied 
in natural seasoning dep<3n(& on the size of the 
wood and on atmospheric conditions. Generally, 
timber is not considered fit for carpenter’s use 
till at least two years after being felled and for 
indoor work considerably more than that . The 
thorough seasoning required for the mort^ exact 
work of joinery and cabinet-making, however, 
is generally assisted hy resawing, or further 
reducing the size of the wood. 

Timber as a Material. TimW was 
undoubtedly one of the very earliest materials 
employed by man, l)eing luisily worked and always 
ready to hand everywhere As, too, the require- 
ments of mankind have increased, and his tools be- 
come more numerous and specialised, he has l)een 
able to use timber more and more extensively, 
and to utilise it in constructions that would have 
been impracticable wh(‘n iacilitios for its working 
were less developed. Within the last half century 
('Specially the introduction of machines for per- 
forming all the common 0 |M'rations has im- 
mensely reduced the time and lalxiur involved 
when such things are done slowly and lalioriously 
by hand. The carpenter still retains his trade, 
but instead of considering himself eomjietent to 
undertake anything and everythmg constructed 
in wood, he is now only one among many classes 
of woodworkers, and nearly all the work re- 

3 uiring phvsical strength rather than brains is 
one for him by machines— sawing, planing, 
mortising, tenoning, and the rest. 

This, however, has not really lessentd the 
great importance of his craft or the amount of 
training requin'd for its projwr acquisition, nor, 
probably, the number of carpenters employed ; 
for if the work done by machinery now could lie 
(‘xecuted only by hand, most of it would not be 
done at all, because the expense would render it 
a luxury for the few. The poor would not have 
wood lloors to tlieir houses, nor elaborate and 
highly -finished wood fittings everywhere. 

Timber differs from most other materials in 
the great variation which exists between different 
kinds, and in the differences in strength between 
good and indifferent specimens. It is not pos- 
sible to calculate the resisting power of timber so 
accurately as is done with most other structural 
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materials. In desi^ng timber structures the 
sections of the individuid parts have usually been 
decided more by judgment than calculation. In 
steel and iron, strengths can be calculated from 
test pieces, and these materiah will not deteriorate 
with age alone, nor are they subject to dislases, 
as timber is. Hence, too, •the reason why a 
much higher factor of safety must b? adopted 
in using timber than in metal. 

Hard and Soft Wooda. Wood is termed 
hard or soft according to the kind of tree from 
which it comes, but in both classes there are 
great differences in degree of hardness. Of these 
two the hard wood forms the largest scctipn, 
but carpenters use more soft wood. In order to 
divide definitely the varieties of trees into the 
two classes of hard and soft, those with broad 
leaves are classed as hard, and those with long, 
narrow leaves as soft. This places some rather 
hard woods, such as yew, in the soft wood list ; 
but outside of th(‘ various kinds of pine there are 
only a few soft woods, and tht^y are so little used 
that they are scarcely worth considering. The 
shape of the leaves seems a detail, but they are 
typical of the character of the tree. A broad- 
leaved tree is slow in growth, and does not 
attain so great a height compared with its 
circumference* as a narrow-leaved tree does. 
The increased time occupied in its formation 
g('nernlly results in a closer-grained and harder 
wood being formed. Most of our native trees are 
hard wood, the oak standing at the head of the 
list. 

Sources of Soft Woods. The important 
soft wcxkIs are all varieties of the pines or coni- 
ferous trees, and are imported from North 
Europ(* and Canada. Most of our hard wood is 
imported also, becaust* we have no timber 
forests in Britain, and could not possibly grow 
the commonly-used timbers fast enough to 
keep pace with our rate* of consumption. 

Formerly, when we had a large home supply 
of oak, that was the wood most commonly used, 
and it o(*cupied a more important position than 
the pine that has taken its place. Now oak 
occupies a sc^condary position, especially as most 
of this wood is now imported, and is not con- 
sidered equal to British oak. Against this differ- 
ence in the kind of wood now most popular, 
however, we must place the fact that for much 
of the work for which oak was formerly used, 
such as shipbuilding and the framew*ork of 
houses, steel and masonry have been substi- 
tuted. 

Recommendations of Soft Wood. 

The reason wh}^ the soft woods are popular is 
because they are cheap, light, straight-grained, 
and easily worked ; while for many purposes 
they are eciual to the hard woods. The latter, 
how'ever, differ so much in their physical 
characteristics, that each is best adapted for 
special purposes, and consequently they serve 
these purposes better than soft wcxkIs, though 
no single hard wexxi has so wide a range of 
usefulness os soft. In very many cases also 
hard wood is used solely for the sake of appear- 
ance. This is the case to a very large extent in 
cabinet-making. In ordinary corpentiy hard 
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wood i 0 used only because of its superior dura- 
bility and strengtn, or of some characteristic that 
specially adapts it for the purpose in view, as, 
for instance, the use of ash where a flexible wood 
is required. But the fact remains that the hard 
woods used by the carpenter are very limited in 
number. The chief, and by far the most impor- 
tant, is oak. The bulk of his work is done in 
soft materials, of which there are several varieties 
included under the generic names of pine and 
firwood. 

The plate facing page 56 illustrates the grains 
of a large variety of hard and soft woods. 

Commercial Forma of Timber. Tim- 
ber in its commercial forms is usually of definite 
thicknesses and widths, and various names are 
applied to it according to these dimensions. If 
we consider them in the order of their size we 
have first the 6a/fc, or whole timlx^r, or log. The 
term log really means the unsquared trunk of a 
tr<»e, but is sometimes used in the same sense as 
balk, which means a squared trunk. The term is 
applicable to any large piece of timber, whether 
it represents the entire trunk of a tree or not. 
Unlike most of the other forms of timlier, the 
dimensions arc not of a iixed character. In 
length a balk may average 30 ft., but occasion- 
ally may bo more than tAvice as long. Timbers of 
smaller section, such as boards, etc., range in 
length from about 8 ft. to 20 ft., 12 ft. being a 
('ommon dimension. They are cut thus b(x*au8e 
great lengths are seldom required, except in 
engineer’s work, and are not so convenient for 
handling. Balks were formerly squared with 
an adze, and to a considerable ext<*nt are still, 
but there cannot be much doubt that ultimately 
the saw only will be used, and the adze 
Ix^como obsolete for the purpose. 

Next in size? is a piece of timber called a flitch. 
This is one-half of a squared log. or balk, that 
has been sawn down the middle length w'ays. 
In section its width is consequently alxjut twice 
its thickness. Next in size comes a plank. This 
term is often loosely used to describe timber 
that strictly comes under the name of biKird. 
'File diiTerence l)etween the tw'o is that a plank 
must be over 2 in. thick and over 10 in. wide, 
while a l)oard must be less than 2 in. thick, and 
may be any width over 6 in. Deals and battens 
come in regard to size between planks and 
boards. They are thick, but comparatively 
narrow. A deal measures from 2 in. to 4 in. 
thick by 9 in. wide. A batten is of al>out the 
same proportion, but rather smaller in width 
and thickness. Qttariering is produced by 
sawing deals into two, three, or four 8tri})s. 
Scantling is a general term applied to sawn wood 
of any size. Ends are short pieces of plank, deal, 
or batten. In addition to these terms for sawn 
timber, there are poles and ntasfs, distinguished 
from oiu'h other by their diameters, the former 
being less than 8 in. in diameter, and the latter 
more. These two terms are sometimes qualified 
to indicate further particulars. 

Market Quantities. There are also names • 
for quantities of timber. It is sold by the 
standard^ which is 120 deals ; by the lood, 
which is 50 cub. ft ; by the superficial foot, 
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the thickness beinff reckoned at I in. ; b^ the 
foot run, when widw and thickness are specified ; 
or in some valuable hard woods by weight. Maich-> 
hoarding and flooring is sold by the square of 
100 superficial ft., or 10 ft. each way. « 

The foregoing are a few elementary facts, but 
behind them there is a great deal of complication 
and confusion through differences in sizes and 
methods of measurement. These things, however, 
concern the importer and dealer more than 
the carpenter. The standard of deals (nominally 
known as a 100, but really 120) varies in number 
according to the size of the deals. In the London 
standard the deal measures 12 ft. by 0 in. by 

3 in. In the St. Petersburg standard, which is 
rather more commonly ug<^ than the London 
one, the deal is 12 ft. by 11 in. by 3 in., and 
there are only 60 to the 1(X). There are also a 
number of other standards, and the consequence 
is that in buying and selling timber the kind of 
standard has to be specified, and frequent trans- 
lations made from one into another. No matter 
what the size of the deals, however, the cubic 
contents of each standard is always the same, 
with unimportant exceptions. The number of 
cubic feet in a St. Petersburg standard is 165, 
and in the London standard 270. In the mea- 
surement of balks there arc two different 
methods — the ^ring and the cahper — which do 
not give similar results. Tlie nominal dimensions 
of sawn timber may also differ from the actual 
dimensions. Imported boards are usually a 
trifle over the specified thickness and home-sawn 
boards are usually under it. Tliis is because in the 
latter case so many boards are sawn from a deal, 
and no allowance is made for the amount lost 
in sawdust. In thin boards this difficulty is 
sometimes got over by designating them as 

4 cut, 12 cut, etc., according to the number of 
saw-cuts made in cutting a 3 in. deal into boards 
of that thickness. 

There is no>A much greater variety in the 
market sizes of .sawn timlier than was formerly 
the case, and the carpenter can buy practically 
what he w'ants without having to reduce it 
himself from larger material, or use material of 
one particular dimension, wlien a slightly differ- 
ent size wnuld suit his purpose lH*tter. 

Qualities of Timber. Quality is speci- 
tied by dividing timlx?r into the classes of firsts, 
seconds, thirds, fourths, fifths, and sixths, the 
la.st being the poorest. Firsts are sometimes 
qualified also by adjectives, such as prime, 
selected, sound, dry, etc. 

This done in order to arrange a scale of prices 
according to quality, and also because in speci- 
fications it is often desmable to fix a standard 
of quality below’ which the contractor must not 
go. Otherwise, it would be superfluous to class 
timber, when every man who is familiar with it 
is capable of judging the quality of any piece 
individually. 

The carpenter may generally assume that 
timber is not defective through a tree being 
felled before it was near maturity, or so late in 
life that the heart was decaying ; and he can 
also assume that its after treatment, conversion, 
and seasoning baa been carried out as oareftdly 



and correctly aa was practicable, though the 
latter may often not be sulfioiently com|%te to 
fit tile wood for interior work. It is not often 
either that converted timber has any sapwood 
(theiinferior outer portion of the trunk) attached 
to it. The defec|p to be looked for are of a 
natural srharacter that could not be avoided. 
Where strength is required, straight grain [ 46 ], 
instead of crooked [ 44 ], and freedom from knots 
and shakes [ 46 ] or cracks, must l)e regarded as 
essential in a piece of wood of first-rate quality. 
Straight grain in soft wood is the rule rather 
than the exception. Knots are ytxy objection- 
able, but often have to be tolerated, in spruce 
wood especially, because* it is difficult to get 
boards without knots. Cracks generallj' occur 
as the wood drk*s in seasoning, and ofUm cannot 
be prevented. They are objectionable, but 
whether they are a siTious defect or not depends 
on the way in which the wood is h) lie used. A 
iKiard with a crack in it is not sound, as a board ; 
but the wood on both sides of the crack may be 
satisfactory, and it may be glucnl, or, with a 
little waste, cut, and the pieces on each side 
used separately. 

Defects in BalKe. In large balks there art* 
sometimes defects that seriously impair the 
strength if the balk is to be used entire, or that 
cause waste in cutting up. Often the extent of 
the defects cannot Im* seen in tht» balk. There 
are several forms of shakt* or crack that occur 
in the trunk before the tree is felled. These 
may lx* either radial from the centre, or circum- 
ferential, between the annual rings. The 
former are known os heart and starMhakes^ the 
latter as nip or ting shakes. The precise cause 
or causes of these shak(*s are not certain, but 
they occur only in large tre<*s, and are supposed 
to be due to interior stresses Ix^tween the 
matured heart wot)d and the growing saf)- 
wood. There is usually nothing to indicate 
their presence until the tree has lK*en felled, and 
they can lx* stjcn in the end grain. 'I’hese, how- 
ever, arc not so common os shakes which develop 
from the exterior [49] after the tree is foiled. 
In the trunk these may radiate from the out- 
side towards the centre, or, as is very common in 
decals and boards, they may start at the ends. 
They are due t-o shrinkage c'aused by the Umi 
rapid drying of the outer wood. .^Precautions are 
taken to prevent them, but ofUn tht-y cannot 
be entir<‘ly obviated. 

Cross Grain, Knots, and ShaKes. 

Cross grain, knots, and shukes are the three* 
chief defeets to look for in judging sawn uo<xl. 
But a board may not have these* dt'feets, and yet 
be in an unsound state in connetjuence* c»f disi'ani* 
or of variations in quality. Or it may lx* so 
wet that, except for rough out-of-door work, it 
is unfit for immediaU* use. TimlxT lH*comes 
diseased l(x?ally through injury occurring to the 
bark of the growing tree, and from incipient 
decay due to numerous cauH(*s. It becomes 
uneven in texture and in degrw of strength 
from variable density of the fibres and from 
unequal nourishment, or other variable condi- 
tions, as, for instance, persistent sunshine or 
wind chiefly on one side of the trunk. These 
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variations, of course, ore less marked in individual 
trunks than in separate trees which are grown 
on different soils, and cither isolated or in close 
proximity to otlior trees. Tliis last factor has 
a considerable effect on the oharaeU^r of the 
tree by farcing its upward growth, and more* or 
less protertinia: it from the weather. Timlwr 
also, after it is felled, may be deteriorated by 
wood-boring insects. 

Then* art* also a numbi*r of diseasi^s to which 
timber is subject. They arc nil indicated by 
discoloration or destruction of thi* fibnw. ThV 
commonest of these is dry rot. This generally 
occurs in old timlxT that has been n long time in 
damp, warm, ill-ventilated situations. It is the 
result of a fungoid development that cats nwuy 
the substance of the wood, leaving it in a dry, 
powdery condition, with a musty odour. 

Preservation of Timber. In finished 
work it is n very common practice to protect 
wood from the atmosphere and the deteriorating 
effects of alternating dampness and drymviH by 
coating the surface with |Miint. tar, varnish, or 
other preservatives. Other methods are ein- 
ploycKl to preserve the cMilire substance instead 
of affording only a protecting coat on the surface. 
The chi<‘f among thf‘S(‘ is creost)ting^ which is the 
forcible inj(*ction of oil of tar or creosote into the 
port*H of the wood. This renders it poisonous 
to all ffimiH of parasitic life, and effect ually 
prescTvcs the wood. But the objections t4> it arc 
that it hlackc'tis and niak(*H the woixl highly 
inflammable, and for many ])urpoHOH the smell 
of the tar is ohji'ctionalilc. It is usimI chiefly 
for out-of-door niirposcs where the wikkI comes 
into contact with the ground. Hiiilway sleepers 
and paving blocks for strci'ts are generally 
creoHohd. There an* sc*v(*ral other less {lopular 
processes, hut the principle* in most is pn*- 
Hcrve* the wood by making it poisonous to [mra- 
situ* life. Only n very small projiortion of tin* 
wood us<*d by cHrfM*nt<*rs is Hu))j(*(*t4*d to any 
preserving process, and it is only whf‘n wood is 
required to endure v(*ry trying (‘onditions that 
then* is any nce'cssity for it, or any iipprccinhlc 
advantage* in it. 

Shipping MarKu. 'I'liese* an* murks 
chalked, painte*d, stampe'el, hrandesl, err se'rihe*d 
on the* ends of balks, eh'als, and most iinfuirte*d 
tinilsT of any form. The‘y indie'ate* epiality. the- 
[)lacc of eirigin, the Hhip|H*r’s initials or private 
mark, and se)mctime*s theise* of the person to 
whemi the*y an* e-e»nsigne*<J. Lists of them are- 
cemtaine*^! in most puhlie-atiems dealing witli tl»e- 
titnlM*r and building trade*s. Shipts*rs ircejue‘nlly 
change* their marks, anel new firms an- e-oiit mu- 
ally cenning into existence*, so that no list e an 
Ik* ttikcri as jK-rmam-ntly <*ones't and e'omf)l<*tc. 
They ccme(*rn the timh<*r merchant more* than 
the carjK'iitcr. 

Storage of Timber. 1’imhcr stored m 
or near the shop for immediate use* nes*el neit he* 
stacked so mcthoeJiejally as for iwaseining, hut it 
shotilel not Ik* alleiwed to lie* in pemitioris that 
tend to strain eir bend it : neir is it wise- to 
let lioards remain for a long time with one side- 
ex |[)osed to the atme>sphe*rc and the* other n«it 
It is generally inadvisable to f>ilei iKiards eui 
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top o£ one another, because of the difficulty of 
seieetion and withdrawal, when only the top 
ones are fully visible. It is better either to 
stand them on end against a wall [50], preferably 
with their upper ends in a rack, which keeps them 
edge outwam, or to stack them side by side on 
their ec^es [51], in a horizontal petition in a 
rack. If kept lying in piles on their flat faces 
it is necessary to allow an air space between each 
by inserting strips [47], hence termed stripping. 

If any piece be badly curved or twist^ it 
should he subjected to treatment that bends it 
the opposite wa^ ; and if left like this for a few 
days or weeks it will probably remain straight, 
or nearly so, afterwards. Boards that are thus 
distorted should also, when possible, be selected 
for cutting into small pieces, because the dis> 
tortion then may bo reduced to nothing. Boards 
with knots, shakes, or other defects should be 
selected with a view to sawing them up and 
working them for parts whore inferior stun may 
be used, and the beat pieces kept for parts where 
good quality is imperative. 

Metal Acceaaoriea. Timber could not 
be used so generally or so effectively were it not 
secured and reinforced by suitable metal connec- 
tions. These are cliiefly of wrought iron, and 
their character depends on the class of carpentry 
for which they are used. In the heaviest work 
liolts and tie rods are very commonly employed 
for purposes where nails and pinned or dowelled 
joints would be sufficient if the work was of 
lighter character. Straps and stirrups are gener- 
ally alttimatives to bolto, and are often employed 
to avoid weakening the timber ‘ by boring holes 
for bolts. 

Where whole timbers and balks enter into 
construction, ca.stings and fiat plates of wrought 
iron called fishplates are often employed 
in conjunction with bolts for holding joints 
together. For lighter work eooch screws are 
common, and for the light<>ist, nails, screw^s, 
and glue. 

Nails. Nails are the most common and 
simplest means of uniting pieces of wood. 
They are driven with a hammer through the 
first piece and their ends extend some distance 
into the connected piece ; they hold by friction 
or the eomprt'ssive force of the surrounding 
w'ood. Somet imes when the material is not thick 
and a strong liold is required nails of greater 
length than the total thickness are used, and 
their projecting ends are clinched, or bent over 
and hammered flush with the surface. But 
generally they should not In* long enough for 
their points to come through the far side of the 
material. 

Nails arc sold in great variety, not only of size 
but of kind. There are consequently a number of 
names applied to them to qualify the term nail. 
When over about 5 in. in length they ore called 
spikes. At the other extreme, in the small sizes, 
they are oftener known as pins, brads, or sprigs. 
The ]ar|(er nails are sold by weight. Some small 
wire nails are sold in packets by count. The 
wire nail [62] is the most commonly employed 
and favourite form, espeoially when medium and 
small sizes are required. At one time the cut 
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nail [58] was the most popular. It is either of 
steel or wrought iron, rectangular in section, wi^ 
a slight amount of taper, and increased in size 
at the head. 

Wire nails are made round, oval, and sqqgre 
in section ; the last-named form is not much 
used, nor the oval so much as *the rounds They 
are parallel, with ^inted ends and small hea^, 
and are made in sizes ranging from about } in. 
to 6 in. long. They vary in stoutness according 
to the work for which they are required. 

Screwa. In any other woodwork but car- 
pentry screws [54] would come before nails in 
order of importance. Screws are superior to nails 
for all purposes, but they are more expensive 
and their insertion takes longer. They not only 
hold better when in place, but they can easily 
be withdrawn without injury to the work, and 
it is also often an advantage to be able to insert 
them without jarring the work as the driving of 
nails does. Screws are not made in quite so groat 
a variety of form and character as nails, though 
their lengths are about the same. The tendency 
in recent years has been to reduce screws from 
many types to a few. The ordinary type of 
screw is pointed at the end, threaded for nearly 
two -thirds of its length, with a head tapering 
to about twice the diameter of the shank, and 
flat on the top. The chief variation from this 
is in having the head convex [55J instead of 
flat on the top, and a square shoulder instead of 
a bevelled one on the under side. This variation 
is only made to adapt the screw for purposes 
where there is an objection to sinking the head 
flush with the surface of the work. Screws are 
known by their lengths and sizes. They range 
from J in. to 6 in. in length, and up to 3 m. each 
occurs in about ton different diameters, the 
extremes of which for a 3 in. screw are shown 
in 54. These diameters are known by numbers 
which are printed on the packets in w’hich the 
screw's are sold. 

In order to distinguish the aliove from screw's 
used for metal work they are called wood screws, 
and in Scotland screw nails. Their threads 
differ from those for metal in being farther 
apart, deeper, and thinner. Tliis is necessary, 
bc‘cause wood Is a weak substance compand 
with metal, and no matter how thin and wide 
apart the threads on the screw are, they are 
still a great deal stronger than the intervening 
wood when the screw is in place. 

Coach Screws. Coach screws [56] differ 
from ordinary screws in having square heads, 
like bolts, instead of flat slottw heads. They 
are turned writh a spanner instead of a screw- 
driver, and are also a larger and stouter type. 

Bolt*. Bolts [57 to 61] are used in eases 
where screws threaded into the wood are not 
considered sufficiently strong to hold the parts 
together. Bolts go entirely through and hold the 
parts hy the pressure which the hc^ and nut ex 
ercise when the latter is screwed up. Largo 
washers [62 to 65] are always used with bolts for 
wood, and the heads and nuts are usually square 
instead of hexagonal. In most cases aliM a 
short portion of the shank next to the head 



k square [S7 and 60] to mvent the bolt from 
taming with the nut. When long bolts are 
8|MiaUy made for a job they are often pieces 
of iron rod out to length and threaded for nuts 
at^th ends. 

Fig. 60 is a bolt, the ** fangs or teeth 
of the nut gripping in the wood while the head 
is being turned. Ihey therefore fulfil a similar 
function to the square necks in 57 and 60. Fig. 61 
is a strap bolt, which is employed for attachment 
to the flat sides of timbers, when other modes of 
fastening would not be available, or so secure. 

Besides holding parts together, long bolts 
sometimes serve the additional nurpose of 
strengthening the timber with whicti tliey run 
parallel. In frame work they are often put 
through, or close to the under side of rails and 
cross pieces, and they thus support and stiffen 
the horizontal timber, and also hold the vertical 
parts of the frame together. Door boUs, tower 
hoUa, or socket holts are a different article, usesd 
for locking doors, and have nothing in common 
with screw bolts. 4 

Figs. 62 and 68 arc parallel washers, 62 being 
in wrought iron, or stt'ol, 68 cast from a pattern. 
Fig. 64 is usually cast, and is bevelled to suit 
bolts that do not stand squarely with the faces 
of their timbers. Fig. 65 is a cast iron washer 
for two bolts, being preferable to single small 
washers. 

Tie Rode. Tie rods fulfil a duty akin to 
that of bolts, both being in tension. They are 
not necessarily provided with heiuls like bolts, 
and in some few instances they may be tightened 
by a cottar instead of a nut. They are dis- 
tinguished from lx)lt8 chiefly by their greater 
length and the fact that they are supposed to 
tic distant parts together rather than to go 
tlirough solid material. They are used to a 
great extent in roof work. 

Straps. Straps are pieces of thin rod iron 
of rectangular section, sometimes threaded at 
the ends for nuts, and lient to fit the pieces 
of timber that are to be held by them. They 
thus bind parts together rather more securely 
than bolts, and render it unnecessary to weaken 
the timber by boring holes. When used 
to support beams they are called stirrups. 
In a simpler form they ar(» mer(*ly flat Htri|)s of 
iron, often with branches, that lie flat on the 
surface of timbers |66] and hold them togeth<*r 
vith their faces flush. Figs. 67 and 68 arc 
stirrups. 

Fishplates. Fishplates ore flat plat(*s of 
metal [66] which are liolted to the sides of 
large timbers in order to hold a joint together 
and keep the faces flush and in line They are 
generally used in pairs, one on each side of the 
tfmls'r, and bolts pass through as in the cast) 
of shoes. The plates are generally the full 
width of th(' timlier, and in Urngth about six 
times the depth of the timber between them. 
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Cast«lrott Shoes. Cast-iron shoes [70-78] 
have to be made from wood patterns speoially 
made to suit the work in hand. Tliey usually 
enclose and hold together the ends of two or 
more large pieces of timber that meet at an 
angle, ana that could not be sulistantially held 
by bolts or straps alone. Tht* castings have 
to 1)6 made to the correct angle and size to fit 
the timbers, and they are held by bolts which 
go through both casting and wood. These 
castings are typical of other forms which ent.er 
largely into tne heavy cariientry of roofs. 'Pho 
pattern work is not difficult when the principles 
of the craft have been mastered, and a handy 
man might often bt^ cntrusUxl with such work 
preferably to putting it out. 

Another class of work often used by carnontors 
dealing with shop and warehouse builuing is 
illustrated by the stanchions [74] and columns 
[76 and 76], Tlie pattern work for these might 
bo done by an intelligent man. The important 
point in the design of such work is the firm 
fixing of the top and bottom with broad, bracketed 
flanges. 'Phtw nrevent risk of the stresses 
coming in any direction except right through 
the axis or centre, which would have the effect 
of bending instead of orushing th(^ stanchion 
or column. It is also well to cast joggles on 
one flange [75], or both flanges, tx) be let inU) the 
masonry foundations. Information respecting 
pattern work and founding will be foiinu in the 
course of Mechanical Kngincering. 

Miacellaneoua Requirement*. Be- 
sides the articles already mentioned, there arc 
a numlicr that are more in the nature of fittings 
or appurtenances, and are used more in joinery 
and cabinet-making than in carjurntry; and if 
we go far enough we conu* to a large class of 
more or 1(*r8 ornamental moUl work usxyl only 
by cabinet-makers. Among those' used by 
carpentx’rs, the most important are hingtss, locks, 
ana handles. Hinges an* of two tyiws : buU 
and strap, the name generally applied to the 
latUT bt*ing cross-garnet, or tee hingi's. The 
butt hinges are intcndcHl to be sunk into the 
surface of the wood, and conscquimtly they have 
plain, square edges which (*xt4*nd only a shoit 
distance from the pivot or pin. They arc more 
commonly used than the cross-garnet tyjK*. 
77ic IttttcT are used chiefly for gab‘M and lcagc<l 
doors. The platx^s or fla|)s of the hinge extend 
a considtTable distance in order to stiffen the 
wikmI and obtain a stronger hoUl on it Ixicks 
are made in great variety Thc'y differ in cha- 
racter occonling to whether th(*y an* int<‘nd(*d 
4br doors, cupboards, 01 drawers. Door locks 
generally have to lie eith<T light or left-hand, 
to suit the door, the only (‘xecptioii U'ing in a 
few kinds of lock that will suit either hand. 
Unless mortiscKl int/) the door, a lock is screwed 
to the inside. Handles are used for a great 
varu'ty of purfKises, and vary greatly in form. 
They usually have to be screwed to the wockI. 
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THE COLONIAL SERVICES 

Conditions of Entry and Service in Clerical and Adininiatra- 
tive, Railway, and Police Appointments in British Colonies 



By ERNEST A. CARR 


a general rule^ the young Briton in quest of 
a career in some portion of our Empire over- 
seas would be well advised to turn his at^«ntion 
to private enterprise, whether farming, mining, 
commerce, or tne professions, rather than to 
seek the services of the Colonial Governments. 
A moment's reflection will suffice to show the 
reason of this. Most of the governing bodies, 
it has already been pointed out, can obtain from 
local sources an ample supply of suitable 
material, and have, therefore, no need to turn 
to the Mother Country for recruits. This is 
especially true in respect of the larger and older 
branches of the Empire — Canada, Cape Colony, 
Australia, and New Zealand, for example — in 
which a new generation has sprung up on the 
soil to contest with immigrant residents such 
vacancies as arise from time to time in the 
official ranks. 

An Authoritative Warning. These 
facts have UkI the Emigrants' Information 
Office, a Government bureau controlled by the 
Colonial Department, to issue a warning on the 
subject. In the preface to its “ Handbook on 
Paifessional Employment in the C'olonies ” — a 
very valuable work which may be obtained, 
post free for thn.M5pence, from 31, Broadway, 
Westminster, S.W. — it is officially stated that : 
“ Candidates from this country stand very little 
chance against persons on the spot of obtaining 
appointments in the Civil Service. Even tele- 
graphists, railway officials and employees are 
now generally traim^d in the Colonu*s. ^fhere is, 
therefore, very little inducement fox a person to 
emigrate on the chance of obtaining an appoint- 
ment under a Colonial Government.” 

Apart from India and our Eash'rn possessions, 
which have been Bjiccially considered, the 
principal exceptions to the above general rule 
arise whore certain Colonies, owing to the lack 
of training centres, the smallness of their 
wffiito population, or other local causes, arc 
unable to furnish enough qualiticHl candidates for 
their own requirements. We shall therefor* 
pass in review the various ownings thus adorded 
to aspirants from Great Britain, and for our 
it^aders’ convenience these will be discussed 
calling by calling, instead of grouping them 
according to locality. 

Clerical and Administrative Posts. 

In this branch of the public service there is 
practically no Colonial demand for British 
candidate, and in general no opportunity is 
afforded them of emtaining an appointment 
before ijuitting the home country, while in 
several instances they are specially excluded in 
favour of local applicants. There is, however, 
an important exception on behalf of students 
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from the British Universities who have failed to 
pass the contest for the Indian Civil or Police 
Services, or for Eastern Cadetships. These 
candidates may often secure good appointments 
on the West African Coast, or el^whero, by 
applying to the Colonial Office, Downing Street, 
S.W. The posts thus available include cadet- 
ships for the grade of assistant district com- 
missioner for the Gold Coast, with an initial 
salaiy of £250, and excellent prospects up to 
£2,000 or more. Such students are also selected 
sometimes by the Foreign Office for admini- 
strative posts in Egypt and British East and 
Ck)ntral Africa, and by the British South Africa 
Company for their Rhodesian territory. 

On the other hand, the clerical service of 
Canada is practically restricted to persons 
brought up in the Dominion, or able to enlist 
local mfluenoe on their behalf. The Government 
regulations in Queensland require candidates for 
ordinary appointments to have resided for twelve 
months in the State ; and the New Zealand 
authorities expressly seek to dissuade applicants 
from going out to that country with the idea of 
entering its clerical service. Other Colonies are 
no less discouraging. The Agent-Gcnoral of 
Victoria has courteously acquainted us that 
” veQr few vacancies have been occurring in the 
Victorian public service for some years past, 
and when they do, it is found that the local 
supply is more than equal to the demand. 
There are large numbers of applicants whose 
names have btH»n recorded for some years past 
awaiting vacancies.” For similar reasons, the 
('ivil authorities m Cap(' Colony have suspended 
the entrance examinations, and the Transvaal 
Government notifies that ” applications must 
be made in the Colony, and there is an ample 
supply of l(H*al candidates for the lower branchts 
of the service, who generally have the pre- 
ference.” 

Incurable optimists who are not daunted 
from emigration by these and similar reporte, 
will find in the “ fVofessional Handbook ” the 
conditions of entrance for the clencal service of 
the various Colonies. 

Railway Posts. Instead of being private 
enterprises, as in this country, the great majority 
of Colonial railways belong to the Governments, 
and, despite the allusion to railways already 
quoted from the Handbook,” these offer very 
much better chances of employment for a trained 
official than are afforded by the clerical services. 

To enumerate here the various rates of pay 
for railway men in each of the likely Colonies 
would occupy an unwarrantable space. Hiese 
figures can be learnt on application to the 
Ihnigrants' Information Office, or to the several 





Colonial agents in London, For our present 
purpose, a brief indication of the prospects 
afforded to men from home will suffice. 

South Africa. On the State railways in 
Caj^ Colony there is no demand for office 
clerks or artisans, but goods clerks and mechanios 
are sonfbtimes engaged in England through the 
Agent-General for the Colony, 100, Victoria 
Street, S.W. The engagements are usually for 
three years, with payment of the passage out. 
Ktters are paid lOs. a day, and carpenters a 
little more ; but it should Ik* remembered that 
money at the Cape has only aliout threo-tifths 
of the purchasing value it Iwvs in England. For 
the Natal railways, platelayers and signalmen, 
fitters, coachsmiths, and hammermen, arc** 
wanted from time to time — the first two classes 
receiving £10 to £17 monthly, and the others 9s. 
to 13 b. a day. But these situations are generally 
advertised in England, and there is considerable 
risk in going out without a definite prospect of 
employment. Hie sbiff of guards, clerks, and 
checkers, on the other hand, is recruited on the 
spot, and experienced men who have gone out at 
a venture have as good chances of engagement 
os those who ar<* Colonial horn. 

Australia. The rates of pay for railway 
employ(H*8 in Australia and New Zealand nn* 
generally good, and the hours of duty light — 
from 48 to 57 weekly— but from (*vcry part of 
the C^olony there comes practically the same 
report of the sufficiency of local eandidatem. 
Thus, the Government railways and tramenrs 
of New South Wales employ a staff of n<»arly 
18,00(i men and boys, but openings for appli- 
cants from England rarely occur ; the VieU»rian 
authorities notify that “ there an* always many 
more candidates than there are vaeaneicH for 
them and the regulations in Tasmania and 
Western Australia practically prohibit the engag<*- 
ment of drivers, firemen, and certain other r.iiJ- 
way servants from outside souroes. As a general 
rule, candidates for ])ermanent employm<*nt 
must be under 35 years of age, and able to jiash 
a medical examination. For clerks and superior 
officers an educational test is also usually 
prescribed. 

The Canadian railways, like those uncU*r th<* 
Southern Cross, are officially rejHH't(*d to afford 
“ little or no o{)cning for men from England." 
Bui such announcements are intended only to 
discourage anything like a general riiov(*ment 
to the regions conf'cmed. (^'nsual vaeaneies 
occur for which capable men, who have lieen 
trained on British railways, are in freejuent 
request ; and while an engagement lx*for(* leaving 
home is highly desirable — and for heads of 
families is, inefeed. imyKjrative— these warnings 
need not daunt an efficient young railwayman 
without encumbrances from trying his fortunes 
in any Colony which, unlike Western Australia, 
has no prohibitive regulations. He should not 
take such a step, however, unless he lias a little 
capital on which to live while seeking a |x>8t, nor 
without consulting the experts of the Emigrants' 
Information Office as to the likeliest field of 
employment. 
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Police Appointments. Our Coloniul 
police are, in some few instances, municipal 
servants-— as at Capt^ Town and Durban, lor 
example. Most of the townships, however, are 
too small and scattered to maintain separate 
forces, and jiolice control is therefore usually 
exercised by the Government of the Colony. 

The life of a police tro(»iK*r in the (.'olonies is 
at least as hard as in the home eountiy, his pros 
peets of promotion are generally but little 
better, ana the ineroasod cost of living often 
renders his higher wages an apjairent rntfu*r than 
a real advantage. On the other hand, the 
semi-military duties of many (\>lonial forces, 
the ehanees they offer of sport and advent nrt', 
and that call of tlie wild " wliieh the gi*(*at 
lonely spaces of the Empire* iitt<‘r to the imagina- 
tive oar. ffivc these services an attraction not to Is* 
measurea in terms of self-intei‘t>Kl, and dra>» 
into tlieir ranks many men wJiom the* prosjwK't 
of town or provincial police* duty at heime* would 
repel. 

The South African Conetabulnry. 

This body is engagexl in polie>e dutie*s in the 
Transvaal anel ()range River (k)h>ny, but in 
time eif war may U* eni])loyeicl for inilitarv 
purposes. It is sometimes re‘e;niiteKl in England , 
but this has eeascHl for the preseuit, and eandi- 
date*H must now make written a])plieation to th(« 
Chief Stiiff Officer at Johannesburg. Pe*rHons 
resid<*nt in the United Kingdom may ajijily, 
on the unde*rstanding that if iipprove*(l t)ie\v must 
pay tJi(*ir own travelling exjKmses to South 
Afnea. The*y should stab^ llieir age, heught, 
chest me*aHurement and we*ight, me‘ntion their 
(pialifieations, and emelose* eopie*s of their te'sti- 
monials, ine'luding two from gentlemen of posi- 
tion, one of them a magistrate*. 3’h<* standard 
of height is 5 ft. (5 in., and the age limits are 
20 and 35. RexTuits are (*ngag(‘d for tlirv*e 
years, with a provision for ext(md<*d serviee*. 
in addition to free (|uarters, rations, clothing, and 
eejuipment, and a horse when nMpiinKj for iluty, 
memlHjrs of the (constabulary r(*reive pay 
ranging from 5s. a day for eonstablt's to lOs 
for H(*rg(*anl- majors and 15s. for warrant officers. 
ConimisHioiiK are obtainabU* from the ranks 

The London Staff Officer- from whom further 
particulars are to be obtained at King's Court, 
Broadway, W<<Htminst(»r, S.W -- informs us that 
in his opinion the conditions of service* in tliif- 
corjiH will probably Ik* ehang(*d nlien lespon- 
sible government is (^st ablished in the* f wo < 'olonies 
eone(*rn(*d. 

Rhodesian Forces. The Britisli South 
African Police are a mounted force emjiloyed, 
under the control of the t Government, 

in maintaining ord(*r in S(mtli(*rn Rhodesia . 
Non-commissioned officers and men are re- 
cruited locally, and somelimes by advertisement 
in England. Recruits must lx* at least 2t) years 
of age and — unless they have Herv<*<J in ariotlu f 
police forces— not more* than 25. 'J'hey must Is* 
of good character, able to ride and shoot, lM*tw(*en 
5 ft. ft in. and 5 ft. 10 in. in stature, and ol 
proportionate build. Offkx^rs are occasionally 
sent out from England, but are usually ap|iointed 
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in South Africa. The rates of pay are as follows: 
IVoopers, 5b. a day ; sergeants, 6b. to 8s. ; ser- 
geant-majors, 128. 6d . ; commissioned officers, 
16s. 6d. to 308. and upwards — in each case with 
free quarters and rations. 

The Southern Rhodesian Constabulaiy are 
employed as civil police in the towns, and arc 
recruited at Salisbury, at Bulawayo, and occa- 
sionally in London. Men enrolled in England 
receive 28. 6d. a day from the day of sailing, and 
are provided with a passage to South A&ica, 
the cost of which they most meet by monthly 
deductions from their pay. Constables are paid 
Ss. to lOs. a day; detectives and sergeants, 
12b. to 16s. ; with free rations and equipment, 
but no quarters. The commission^ ranks 
receive from £404 to £600, and are filled by 
promotion from the N.C.O.’s. 

Further particulars as to either force may 
bo had of the British South Africa Company, 
2, London Wall, E.C., who will always inform 
^plicants whether recruiting is proceeding in 
fWland. 

Cape Mounted Police. This is a semi- 
military force much resembling the South 
African Constabulary in its constitution. It is 
equally liable to army duties in case of emer- 
gency, the term of service is identical, the rates 
of pay and allowances are very similar, and the 
same physical standard is prescribed for recruits, 
but wider age limits are fixed — namely, 18 to 
30 years. As recruiting in England has be<m 
suspended, applications for enrolment should Ije 
adclresssed to the Commissioners of the force, 
at Cape Town. 

Cape Town and Durban Forces. 

When homo recruiting is in progress for the first 
of these bodies, men are engag^ by the Agent- 
General for Cape Colony, who will supply nil 
requisite information on the subject. Constables 
in the Cane Town corps are paid £110, £125, 
and £140 auring the three years of their engage- 
ment, with free quarters and uniform. I'iie 
Durban Police Force is available to suitable 
applicants from the United Kingdom, the 
conditions of entrance prescribing 5 ft. 9 in. 
as the minimum height and 35 as the maximum 
age. Preference is always given to unmarried 
men. Candidates from this country should write 
for instructions ibo the Superintendent at Durban. 
The pay is £132 a year for constables, rising in 
two years to £144 ; and sergeants receive £162. 
Messing and quarters cost about £4 a month. 

Natal Police. The local supply of re- 
cruits is generally sufficient to replace losses. 
When enlistment is ojMn in England it is under- 
taken by the Agent-General for Natal (26, Vic- 
toria Street, S.W.). Recruits, who must be 
between 19 and 25 years of age and not less than 
5 ft. 7 in. nor more than 6 ft. in height, are en- 
rolled for three years, with the option of renewal. 
Constables receive Ts. to Ss. a day, with quar- 
ters ; seigeants, Os. to lOs. ; and sergeant-majors, 
lls. In the higher grades, which are filled by 
promotion, salanes ranm from £275 to £550. 

Australia and New Zealand. In the 
Australian States, as in New Zealand, candi- 


dates must apply personally at the pohoe head- 
quarters in e^Cddny, and there is no demand 
for men from England. It would thexefore be 
useless to detail the conditions of sendee in the 
several forces ; they may be found hy the curious 
in the Emigrants* Handbook, to which we hkve 
already referred. • 

Canada and the N.«W. Mdbnted 
Police. Even more exclusive than in Australia 
are the conditions of British Columbia, where at 
least a year's residence must precede any appli- 
cation for police emplo 3 rment. 

The Royal North-West Mounted Police Force, 
however, is more readily aooessible to English 
candidates. This distinrashed police corps 
attracts far more Biitish than Canadian recruits ; 
and although all would-be entrants must present 
themselves in the Dominion for enlistment, a 
wise provision of the Commissioner enables them 
to make fairly certain of their chances before 
incurring the expense of the journey. On 
applying to that official at Regina, N.W.T., a 
blank medical certificate can be obtained, together 
with information as the the existence of vacan- 
cies, the standard of requirements, and the terms 
on which troopers are engaged. By returning 
the medical form filled in by a local doctor, a 
candidate residing in the United Kingdom can 
ascertain from the authorities his prospects of 
acceptance or rejection on the score of health. 

The terms of service admit only single men 
between the ages of 22 and 40 who are active 
and able-bodied, and of excellent character. 
They must be able to read and write, and must 
understand the care of horses, and be good 
riders. Tlie minimum height is 5 ft. 8 in., the 
chest measurement must be 35 in., or more, and 
tile weight must not exceed 175 lb. Constable.s 
arc enrolled for five years, and receive 60 cents 
a day, rising to 1 dol., with rations. Non- 
commissioned officers druw from 1 dol. 10 cents 
to 2 dol. a day. 

Tlie acting adjutant of the force, to whose 
courtesy we are indebU^d for much of the above 
information, concludes his letter intimating tin* 
existence of vacancies with the following useful 
remarks to candidates : Applicants must be 
perfectly sound from a medical standpoint and 
have certificates of exemplary character. In- 
tending recruits have to report at Regina at their 
own expense and be prepared to undergo a 
very strict medical examination by our own 
surgeon. They must assume all risl^. Young 
men of about 22 years of age, well educated, and 
of strictly temperate habits, are most suitable 
for our service. In fact, intemperance is sup- 
pressed with a stern hand.” 

The Crown Colonies end Ugandn. 
Candidates for police posts in Uganda or the 
East African Protectorate should ^ply to the 
Secretary of State for the Colonies. The appoint - 
ment of officers of the police forces of the Crown 
Colonies is in the hands of the same official, 
and apphoation should be made to his private 
secretary at the Colonial Office. The rank 
and file in these latter Colonies are, of oourae, 
natives. 
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it produced on the farm and that which is the 
pBoduot of the oreameiy or factory. The average 
tamples of either are, perhaps, not superior to 
the best brands imported from France and 
Denmark, but the best brands in this oountiy, 
such as those exhibited at the National Daiiy 
Show at Islington in October, are incomparably 
superior to anything wc import, or which, as we 
believe, it is possibb to land on these shores in 
the present state of our knowledge. We are 
compelled to admit that our inferior brands 
of farm butter are less palatable than the 
uniform product of the Danes and the Normans, 
and it is for this reason that the character and 
the flavour of our best butter is practically 
unknown to the average consumer. The best 
imported butters are the factory brands of 
Denmark, and the best blended butters are 
those of France ; following these in order 
come the products of Canada, Italy, Holland, 
Australasia, Germany, and Russia. 

Cheese. Cheese is made in this country 
in great variety, although to a much less extent 
than in France. British cheese may be classed 
as follows : 

Pressed. 

Cheddar, Cheshire, Gloucester, Leicester, 
Derby, Lancashire, Wiltshire Loaf. 

Blue Veined. 

Stilton, Wensleydale, Cotherstone, Dorset 
(chiefly skimmed milk). 

Unpressed. 

Caerphilly. 

8opt and Cream. 

Yorkshire Curd, Godiuanchester, Col^ick, 
Slipcote, Coulommiers, Gervais, Pont TEv^que 
(the three last-named art imitations of French 
articles), and Cream. 

The most important British cheese is Cheddar, 
which is Uie type of the product which reaches 
us in such largo quantituHi from Canada and 


Australia and the United States. In flavour 
and charaoter it probably stands at the head of 
the cheese products of the world, although 
closely approached by the best Gruy^ of France 
and Switeerland, and the Gouda of Hollqpd. 
Cheshire of fine quali^ is largely consumed 
the huge manufacturing and Dperative^pula- 
tion of Lancashire, Yorkshire, and Cheshire. 
Leicester in ita finest form is the most mellow of 
all British pressed varieties, but the art of 
making the best, if not lost, is now apparently 
but little practised. Stilton, made by a limited 
number of farmers, the majority of whom pro- 
duce an inferior article, is practically on the 
market only during a limited season from 
December forwards, although it might and should 
be produced for sale during the whole year. 
Its superior quality aa compared with the 
veined cheeses of the Continent, notably Gorgon- 
sola, fits it for a lucrative and extensive export 
trade, but it is, even in our own country, super- 
seded thioughout the entire year by Gorgonzola 
of second and third rate quality hailing from 
Italy. Wennleydale, at its best, is equal to the 
finest Stilton produced. Our curd and cieam 
cheeses are much fewer and infinitely inferior to 
ihost* pjoduced in France, in which country the 
soft-cheese industry is of enormous proportions, 
enabling milk-producing farmers to realise much 
better prices than are obtained in this country, 
though the same results are possible. We are 
content to import Brie, Camembert, Roquefort — 
a sheep’s milk blue-veined cheese — Pommel, a 
mixture of cream and milk curd ; Port du 
Saint, which somewhat resembles our Caer- 
philly, although superior in quality, and other 
varieties, all of which it is possible for our 
people to produce wi^ great profit to themselvos. 

Condensed and Preserved MilK. Con- 
densed milk is now manufactured both from 
the pure and the skimmed milk of the cow, which 
also produ(‘eB the 
raw material from 
which various brands 
of dried or powdered 
milk are manufac- 
tured. Bevond the 
fact that tn(3 farmer 
produces the milk for 
the manufacturer, the 
preserved milk in- 
dustry has practically 
no relation to dairy 
farming. 

Creameries. 

For many years the 
factory and creamery 
systems have been 
extending in all dairy 
farming countrie*^, 
although in England, 
perhaps, least of all. 
The milk is contri- 
buted by the farmer, 
tested on its receipt, 
skimmed, the cream in 
most well-oonducied 
establishments 
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inooulated 
npitb « pleased »t«rter 
oontainiiig the bacteria 
neeeaaary for the {no- 
diiotioii of flavour an^ 
qfualitv, a#id aubee- 
qoentfy <^umed in 
iarge quantities (8). 
Next to Denmark, 
which has led the world 
in this department of 
the da^ industry, 
Ireland is perhaps the 
most notable example 
of progress in the 
creamy extern. As 
we write there are in 
Ireland 342 creameries 
on the oo-operative 
s^^stem, apart from 
many others of a 

f irivate character, 
mproved work has 
enabled the Irish, while 
increahing the price, to 
increase uie^eld also. 
Valueol Bacteria. 
The introduction of 



the cream aeparaior more than twenty years 
ago by the Swedes and the Danes was almost 
oontemporaneouH with the inauguration of 
advanced dairying in this country ; although 
followed by other invent ions, it effected a 
practical revolution. Since that time the dis- 
covery that the flavour of butter and its 
keeping qualities are controlled by bacteria has 
enabled the maker to effect furthm improve- 
ment's. w that the product of to-da 5 ^ while 
far in advance of that manufactured by the 
past generation, will keep for a tong(»r period. 
Much the same transformation hai occum^d 


to March than during summer, usually Is. 8d 
to Is. 9d per barn as against Is. 4d. to Is Ttd. 

The dairy farmer’s succeHs de^KUids almost 
entirely upon the productive jMiwers of his 
cattle, and, thercf()r(% upon Ins own hkilJ ns a 
buyer or bret dt^r, and as a feeder The average 
yield of milk m this country, as in America, 
IS about 440 gallons per cow, winch is ap 
insufficient quantity to provide a piofit. The 
fiu‘t, however, indicaioH that os ilieie are 
large numbers of cattle which yield coutider- 
ably more — from 1,(KK) to 1,200 gallons in indi- 
vidual cows, and from 000 to 7tK) gallons over 


with regard to cheese, which is now manufac'iUK d 
by all competent persons on the basis of 
scientific teaching 

Progress in ono direction, too, has licen 
accompanied by progress in another The dis- 
coveiy of a method of manufacturing an imita- 
tion butter, known as margarine, by th(* aid of 
o/co, an important production of the (liicago 
stcK'kyards, has led to its admixture with pure 
butter, and oonsoquently to a form of orlultcra- 
tion which is now punishable by law, but whicb 
in this country is often difficult of detection 
Butter, however, which normally contains from 
12 to 14 per cent, of moisture, is ab.o adul- 
terated with water up to as much as 25 pcT 
cent, althou^ a Bill for the prevention of 
the fraud, and limiting the water percentage to Ifl, 
has been introduced mio the House of Ckimmons 


whole herds— numbe^rs of farmers must be 
owners of rows which yield eonsiderably less 
than 4(K) gallons The dairy fanner is more 
often than not a brwdiu* of his own stock, and he 
should mate his cows with a bull of a milking 
strain, whose influence will asMiiredly result in 
the improvement of the milking properties of 
almost every heifer calf which is born to him. 
In this country we have no i»ystcm of Uisiing 
and recording (ows os milkers, eonsoquontlv 
we have no milking herd-book, or rword, a-t 
IS the ease in the l)nitc«d Static. For the satno 
reason, too, a [)rogrt*ssive fanner dc*Hiring to 
raaU^ hiH stock and to brwd iip<m si'ientifn 
pnnciples for the purpoH<», has no useful rra^ans 
of ascertaining wncre to obtain a bull of a* 
known milkmg strain, or cows which are them* 
sedves milkers of the highest typo. 


by the Minister of Agriculture. 

Sale mnd Yield of MilR. It is alPo 
instmotive to learn that the farmer still sells 
his milk to dealer, in spite of the existing 
law, by the bam gallon of 17 pints, practically 
2 gallm wiUi a {unt overplus, which in earlier 
days was r^arded as necessairy to make up for 
the losa in retailing. Milk is usually sold under 
eontract, realising a higher price from October 


Feeding Principles. * Economy in milk 
production may 1>« cff(‘cted in another dirtv- 
tion. There is nothing in the management of 
a herd so important as a knowledge of the 
principles of feeding. To rely sfilely upon the 
common produce of thi? farm — hay, straw, and 
roots— w in these days absolute folly ; yet 
tbere are many dairy farmers who use neither 
com nor cake, or who, making purchases of 
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botli, empli^ them without recognising the upon the economy of the dairy. It is the 
principles upon which they should he selected, custom in this country to house cattle during 
This matter has been discussed in the section the night early in October, but it has been 
upon Foods and Feeding in Farming, but it is shown by demonstration at the Harper ^^darns 
essential to point out that rich foods are Col^ge at Newport, in Shropshire, that where 
necessary up to a certain point to provide for the cows are kept out of doors on the pastures 
the manufacture of the solid materials which at night to the close of the year instead of 

milk contains ; and that those foods might be bringing them in with October, money is saved, 

grown upon the farm in the great majority of This is one among many questions which 
instances at very much less cost and with far farmers should test for themselves, whatever 
greater economy than by purchasing them, or their practice or belief may be. Again, in 
their equivalent, in the market [see pages 2702- the rearing of young stock it has been demon* 

2706 and 2904-2^]. strated by die officers of the Yorkshire 

ImproTemunt in Dairy Production* College that great saying may be effected bv 
Our third proposition relates to the exercise feeding calves upon skimmed or separated milk 
of greater skill in the production of butter to which cod*liver oil has been added in order 

and cheese. It is possible that lees than 10 to replace the fat that has been removed in 

per cent, of our farm manufacturers of these the cream. * During successive years groups 
two products are failing to obtain better races of calves were reared to maturity, the accounts 
owing entirely to deficient knowledge. Dairy being strictly kept, on two s^tems of feeding, 
schools exist, and itinerary instructors travel with whole milk and with einnmed milk and 
in many counties at the expense of the oil, and in each case the results were in favour 
ratepayer ; nevertheless, large quantities of of the latter. 

English farm butter are sold week by week at The practice of town cowkeepers, who buv 
much lower prices than are realised by imported of the beet that can be found, is to fatten each 
brands, while the quantities of first-class cheese animal for the butcher as its milk supply 
which are obtainable by dealers are so small, decreases, with the result that there is a oon- 
and of second and third class cheese so large, tinual drain of the best cows in the country, 
that one is almost inclined to despair of the very many of which are of high value as stock 
future of British dairying. Butter which realises for breeding purposes. Whatever may be the 
8d. per lb. — a very common price in summer practice, the principle is wrong. 

—practically returns, allowing l]^d. a gallon for Tuberculoua Milk. Since the discovery 
the skimmed milk from 4d. to 4(d. per gallon, that the disease known as tuberculosis may 
whereas when Is. 2d. to Is. 3d. is realised — and be communicated to man through the milk 
still better prices than these are obtainable for which he consumes, great efforts have been 
first-class Jersey or Guernsey butter — 7d. per made not only to confirm the belief, but to 
gallon mav be obtainable. There are two reasons prevent the possibility of an affected cow being 
for this, the more perfect removal of the cream retained in any herd or dairy. Mfi,ny breeders 
from the milk, and greater skill in manufacture, and cowkeepers have, in consequence, sub- 
It is precisely the same with cheese. Many mitted their battle to what is known as the 
makers fail to obtain more than 50e. to 60s. tuberculin test. The injection of the serum 
per owt. Others, equally clever in marketing known as tuberculin — which contains no living 
as in manufacturing, obtain from 75s. to 85s., bacilli — ^is followed by symptoms which, where 
and in exceptional cases still higher figures, tuberculosis exists in the slightest form, indicates 
without adding the value of the whey. the fact, and enables the owner to remove her 

Marketing, This question, which brings from his herd. There are, however, doubts 
into prominence the business side of the farm, both in the minds of scientific and practical 

is one which is very much neglected. The men as to the efficacy of the test, in spite 

farmer is seldom found circularising the public, of the many apparent proofs which have been 

or taking any steps by advertisement or other- demonstrated, as well as to the truth of the 

vrise to obtain regular customers with whom he fact that the germs of the (fisease are found 

may conduct a weekly retail trade. His cheese in milk. Hence we may suspend our judgment 

is sold to a merchant ; his butter, more in some degree, yet we are bound to express 

frequently than not, to a local shopkeeper, the belief that where the udder of the cow is 
who is clever enough to obtain a profit upon tuberculous— and this is recognised practically 
what he buys as well as upon what he sells. by all public autoorities — the milk which is 
Among other subjects that may be briefly drawn from it is a source of danger to human 
discussed here are some which mreotly bear life. 
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Mr. Hardy, who is not yet seventy years of age, 
should have laid down the pen of the novelist 
when he was only fifty-two, with all his brilliant 
powers at their h]^t. But the foot is so, and 
we must not com^in, for each has to his credit 
a splendid tale of work ; and although they are 
essentially of the Victorian j^e, it satisfies 
our pride no less than it fits in wifh our historical 
method to regard them as our contemporaries 
of to-day. 

George Meredith. Stevenson owed a 
great deal to Geobchb Meredith (b. 1828) ; 
and this fact may be taken as sp^ially significant. 
What, we may well ask, adapting a well-known 
line, do they know of Meredith who only 
Meredith know ? The answer is that they 
know a great deal, but that the great deal falls 
very considerably short of the whole. Though 
his first book, a volume of poems, was published 
in 1851, Meredith did not begin to be appreciated 
by the public till quite thirty years later. Even 
to-day, though there exists what is called a 
Meredith cult, it cannot be affirmed that its 
“ idol ” is popular. We may reasonably doubt 
if he will ever be read as widely as, say, Thack- 
eray ; if he will ever become a “ classic.” But 
to the student of contemporary English fiction 
Meredith is something greater than a popular 
writer. He is, and has been for years, a groat 
influence. Stewenson counts but as a unit 
among those who have been and who will 1 k' 
influenced by him. There are various reasons 
for the power he has c^xerted over his contem- 
poraries. The chief reason is that he has 
chosen to look at life with his own eyes, 
and to describt^ it in his own words. The life 
he denicts may not be the life with which wo 
are all familiar. His people are, as he has 
described them, “ actual, yet uncommon ” 
Meredith is a social satirist. Full often ho 
smites and spares not. But it is scalpel work, 
never mutilation. H(» was a poet before he was 
a novelist, a philosopher before he was a poet, 
and his novels arc poetry and philosophy 
combined. His place is with Browning and 
Carlyle. They and he have the defects of their 
qualities. But what splendid qualities these 
art ! Meredith is thought -compelling. He gives 
exercise to the mind. Ho is a fellow-traveller 
on life’s journey who gives readily from a store 
of experience that is vastly greater than our own. 

How to Study Meredith. Some of 
us have not yet learnt that we get no more 
from a book than we bring to it : minus have 
to be “ worked ” as well as mines. The Mere- 
dithian mind is an intellectual Golconda. The 
right way to “ work ” it is to study the man 
and find out the origin and motive of his writings. 
None of Meredith’s novels can be fully appre- 
ciated at a first reading. Knowledge, as well 
as industry, is essentifd. How, for example, 
can “ The Tragic Comedians ” be understood 
unless the reader know something of the career 
of the German Socialist Laasalle T But the 
diligent student will find Meredith to a very 
considerable extent self-critical and self-ex- 
planatory. Ah to his style: this is admittedly 
difficult ; it is Ike a river with many tortuous 
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windings but noble reaches. But his English, 
at its b^t, is the best E^lish of the time. He 
is to be studied, not imitated ; and the study 
should result in a disregard for the iteration of 
toil-worn phrases. “ A wpter,” he says, “ who 
is not servile and has insight mush coin from 
his own mint.” 

Meredith's Style. It has been very 
happily said of him that “he thinks in meta- 
phor,” which is precisely what the ruck of 
mankind does not do. Hence, it is not sur- 
prising that to the average reader the works 
of this great novelist should present grave 
difficulties of style. Curiously enough, we find 
his poetry presenting a clearness and grace of 
diction, a simple beauty of words, which is 
nearly always foreign to his prose manner. 
The late Asneroft Noble observed with much 
truth that “his speaking voice is an affair of 
organisation ; his siqging voice is the result 
of careful training.” In other worda, Meredith 
the novelist tolls his story in a manner natural 
to the man ; but in his poetry the conscious 
artist, under the restraint of his medium, 
has to rid himself of the perpetual involutions 
of metaphorical thought which are natural to 
him and characterise his work in prose. 

Begin with ** Richard FeTerel." 
There can be no question that the best of 
Meredith’s novels to begin with is “ The Ordeal of 
Richard Feverel.” H wc ask “What is edu- 
cation ? ” w(* have here an answer equivalent 
to many debates in Parliament and many 
speeches on political platforms. We have 
education not merely described, but seen in 
action. If we ask “ What is love ? ” “ What 
passion ? ” we have but to take up “ Richard 
Feverel ” to see these two dominating attributes 
of our common human nature set forth with a 
freshness, a vigour, a reverence, a Bympath 3 r, 
a feeling for external nature — with a knowledge, 
in short — unrivalled hy any other writer of 
contemporary fiction. If w(* seek an example 
of the analysis of motive* \^e cannot do better 
than study, and we shall be the better for 
studying, the dissection of Sir Willoughby 
Patteme in “The Egoist,” in modem fiction 
surely the most finished portrayal of any typi* 
of character, an “ uncommon ” character in 
which every reader will find some phasf* of his own 
self revealed to him. “ Beauchamp’s Career,” 
“ Diana of the CVossways,” and “ The Adven- 
tures of Harry Richmond” are the best of 
Mr. Meredith's other novels ; “ The Shaving of 
Shagpat” the most richly imaginative. To 
show that geniurs if not always ” ^e art of taking 
pains,” does not despise chrudgery, it may be 
sufficient to mention that for thirty years Mr. 
Meredith was literary reader to a well-known 
firm of publishers. 

Thomas Hardy. If with Browning and 
Meredith we believe that 

“ God’s in His heaven 
All’s right with the world ! ” 
a study of the novels of Thomas Hardy (b. 1840) 
will be a somewhat mixed pleasure. Hardy, 
even more than Meredith, h^ great dramatic 
qualities. But Hardy’s is the voice of the 



oovntf^nide— of the oountryside that is Ur 
removed from town. To him the greenwood 
tree .siigMte not merriment, but destiny; 
a pair m blue eyes not heaven, but Fate. 
Lim iff a tragedy with a few interludes. The 
coast of Dorset might almost be the shores of 
old Aimotica. Yet the philosophy of this 
Dorset seer is stem, not weeping. The words 
of religion are quot^ freely m his novels, but 
in the spirit of the educated pagan. The 
peasants ne introduces to us belong to a part 
of England the exclusiveness of which is only 
now being broken into. Their ways and modes 
of thought are depicted with a realism that is 
pitiless, though the novelist lightens his narra* 
lives with many a flash of genuine humour. 
Hardy is a writer who must bo approached with 
an understanding of his own environment, whi(‘h 
is the environment of the characters of his novels. 
The student must gain the novelist's point of 
view; then, even in the case of “Jude the 
Obscure," in place of the repulsion that many 
might otherwise experience simple admiration 
of the writer’s art will be awakened. This art is 
undoubtedly circumscrilied, but it is great art, 
nevertheless. Every incident in the novels 
written by Thomas Hardy is calculated with 
unerring skill ; the movement is controlled from 
the outset with the deliberation of conscious art. 
The style is as direct as the plot ; its distinction 
is derived from its subject-matter. 

Hardy*# Beat Novels. With Hardy, style 
without thought is mere vanity. “ A writer’s 
style,*’ he once wrot<s “ is according to his tern- 
p<>ramcnt ; and my impression is that if ho has 
anything to say which is of value, and words 
to say it with, the style will come of itself.’’ 
Like Meredith, Hardy is a poet ; like him, again, ho 
is scarcely a “popular" author, though both have 
enjoyed in more recent years far more public 
favour than in the prime of their lives. We have 
said enough, perhaps, to show that he is an im- 
portant novelist for the student. His best 
works appeared in the following order : “ Under 
the Greenwood Tree" (1872), “A Pair of 
Blue Eyes" (1873), “Far from the Madding 
Oowd " (1874), “The lUjtum of the Native" 
(1878), “The Mayor of Casterbridge ’’ (1886), 
“The Woodlanders ’’ (1886-7), “Tess of the 
D’Urbervilles *’ (his greatest novel, 1891), and 
“ Jude the Obscure ’’ (1894-5). The reader would 
do well to take up his novels in this sequence ; 
but “Far from the Madding Crowd" may be 
mentioned as thoroughly representative of his art. 

The Teat of a Novel. At this point, and 
touching “Far from the Madding Crowd,” we 
think it well to define more particularly than we 
have yet done the supreme quality of a good 
novel. We have in our previous study seen that 
the melodramatic story is one in which inci- 
dents are of first importance. Human nature, the 
facta of life, do not concern writers of this class 
of fiction. Their chief 8tock>in-trade is the 
“thrilling situation." True, in life there are 
manv incidents as thrilling as any ever invented 
by the most ingenious sensation monger, but the 
difference lies in the fact that the great episodes 
of life, Hke the great rivers of the world, have 
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their source in little things, and convey no lesson 
to us unless we know something of the source 
from which they sprinff. In all works by 
masters of fiction it will be found that the 
“supreme moments," the crises which they 
describe, have grown steadily, remorselessly, 
fatefully out of the lives of their “ dramatis 
personas, " and have not biHjn invent^^d mertily 
to “thrill" or shock the reader. This does not 
mean that the supremo moment must come 
late in the story j it may occur early in the narra- 
tive ; but when such is the ease it will be found 
to dominate^ the tmtire book, to shape* and colour 
everything that follows. 

The “Inevitable" Incident. If the 
reader will turn to “For from the Madding 
Crowd,." ho will find that the fifth chapter contains 
one of tho most tragic episodes in modem fiction, 
related in a simple, unaffiK'ted style, but coming 
like a peal of near thunder on a summer day, 
startling, portentous, “ thrilling ’’ if you will, 
but absoluUdy inevitable in the drama the 
novelist is unfolding. It tells how Gabriel Oak, 
the young farmer who is the hero of the story, 
has come within sight of his long-toiled-for huo- 
eesM, and has thoughts of marriagt*, when, one 
night, he reduced to ruin by the misguided 
zeal of a sheep dog, which drives some two hun- 
dred of his flock, iimoso lambs have not yet comts 
into a chalk pit. “ The sheep were not insured. 
All the savings of a frugal life had been disiK^rsed 
at a blow. ... It was as remarkable as 
it was characteristic that tkt) one sentence he 
uttered was in thankfulness : ’ Thank God 1 am 
not married ! What would she have done in 
the poverty now coming upon me ? ’ " 

This tragic episode is uescrilHid with perfect 
literary art and fidelity to life. It keys the whole 
story through the fifty odd chapU^rs that follow. 
It exercises a mighty influenc;o on tht) character 
of the hero and his relations with the other 
persons of the romance. It is essential to the 
story, woven into tho web of it, impossible to 
be* removed without ruin to tho whole. That is 
what we moan when we speak of tho incidents 
in th(5 works of groat noveiistH os being “ iiK'vit- 
ablo." When the rc‘adcr thoroughly appreciates 
this, he will have no difficulty in distinguishing 
between tho novel of true character and drama 
and the novel of false character and melodrama. 

Kipling and Social Criticiom. One 
of the principal features in the fiction of our 
time is its note of social criticism, especially 
in regard to women. Mr. RunyAun Kihlino 
( b. 1865), touched this noU* in “ The Light 
that Failed"; but Kipling is to be found at 
his b«»t in his short stories of Anglo-Indian life, 
such as “ The Inc*amation of Krishna Mulvancy," 
“ The Courting of Dinah Shodd," “ The Man 
Who Was," “Without Benefit of Glergy," “The 
Drums of the Fore and Aft," and “Georgio 
Porgie." In his proses as well os in his ballads 
he has depicted the Cockmy soldier abroad with 
unerring insight and fidelity. His prose fiction 
is as worthy of serious study as that of any 
master of the near past. Whether his opinions 
please or irritate us, we must acknowledge that 
he possesses an absolute individuality in his 
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; that he is a ^'-maker ” and not a mere 
jonmeyman of kttera. The elaeh of rival 
forces and the mjHtio spirit of the dreaming 
]^t have found reflection also in the work of 
Mrs. Flora Annxb Stxel (b. 1847), partioulariy 
in On the Face of the Waters.’* and the short 
stories published under the title of **In the 
Permanent Wav.” The bitterness of outlook 
in the novels of Thomas Hardy is more than 
equalled in ” The Story of an African Farm,” 
written by Mrs. Ouve Schreiner when she 
was quite a girl, and her one book of real literary 
value ; but even this bittemess is excelled 
by the revolt of “ The Gadfly,” by Mrs. Voynich. 
Kevolt, too, though of a more temperate 
kind is a characteristic of the novels — 
** Marcella,” “The Hiatoiy of David Grieve,” 
and “Robert Elsmere” — of Mrs. Humphry 
Ward (b. 1851), a granddaughter of Arnold of 
Bugby, and a writer whose work claims con- 
sictoation with, as it is influenced by, that of 
George Eliot and Charlotte Bronte. Revolt 
again, with a more decided accentuation of the 
sex problem, is reverberant in “ The Heavenly 
Twins,” by Mme. Sarah Grand ; “ The Open 
Q\iestion,’^ by C. E. Raimond (Miss Et^abeth 
^BiNs) ; ‘*^Ke 3 mote«,” by George Egerton 

(Mrs. Golding Bright) ; and “ The Yellow 
Aster,” by Mrs. Mannington Capfyn — works 
noteworthy chiefly as representative of a passing 
phase of thought, rather than of enduring valuer 

The ** Society ** Novel. What is called 
tho “ society novel ” includes among its writers 
Mr. E. F. Benson (b. 1867), author of “ Dodo ” 
and “ Mammon & Co.” ; Mr. F. C. Philips 
(b. 1849), author of “ As in a Looking-glass ” ; 
Mr. Percy White, author of “Mr. Bailey- 
MartiiL*’ “ The West-End,” and “ Andria ; 
“ Benjamin Swift ” (Mr, William Romaine 
Paterson) (b. 1871), author of “ Nancy Noon ” 
and “ Ludus Amoris ” ; Mr. John A. Steuart 
(b. 1861), author of “ Wine on the Lees ” ; Mr. 
William J. Ia)Cke (b. 1863), author of “ Dere- 
licts ” ; Mr. Vincent Brown, author of “ A 
Magdalen’s Husband ” ; Mr. Edwin Pugh (b. 
1874), author of “ Fruit of the Vine ” ; Mr. 
Leonard Merrick (b. 1864), author of “The 
Man Who Was Good,” and “ Tho Worklliiigs ” ; 
“ Ouida ” (Mile, de la Ramee), author of 
“ Moths ” and “ The Waters of Edera ; Miss 
Braddon (Mrs. John Maxwell) (b. 1837), author 
of “ Lady Audley’s Secret ” ; Mr. W. B. Maxwell, 
a son of the last-mentioned writer, author of 
“ Vivien,” “ The Ragged Messe^er,” and “ The 
Guarded Flame,” all works of distinction. 

Mr. H. G. Wells (b. 1866), in addition to 
writing a series of remarkable semi-scientifle, 
half-sociological works, which have caused him 
to be compared to both Juke Verne and Herbert 
Sjpenoer, has in “ Kipps ” penned a social satire 
of exceeding power. Miss Violet Hunt, author 
of “ A Hard Woman,” “ The Celebrity at Home,” 
and “Sooner or Later,” and Miss Beatrice 
Harraden (b. 1864), author of “Ships that 
Pass In the Night ” and “ Hilda Stratford” are 
writers whose works are representative of the 
mingled satire and brilliant pmimism which is to 
be found in the books of many women novelists. 
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Reallato and Othara. Among those who 
have sought, somewhat alter the method of 
the French school, to photograph humble life, 
may be cited Mr. Arthur Morbison (b. 1863), 
author of “Tales of Mean Streets”^ Mr. 
George Moore, authm: ol “Esther Waters,” 
and an acknowledged pupil of Zolat William 
Somerset Maugham (b. 1874), author of 
“ ’Liza of Lambeth ” ; and llSr. Richard 
Whiteino (b. 1840), author of “No. 5, John 
Street.” In “ The Passport,” Mr. Richard 
Baoot (b. 1860) has written a brilliant exposure 
of Vatican intrigue ; and religion and ethical 
questions are dealt with by Mr. William Hub- 
rell Mallook, Dr. William Barry (b. 1849), 
Mark Rutherford (Mr. Wiiajam Hale Whits), 
Mr. C. Ranger Gull (b. 1876), and Mr. F. T. 
Sullen (b. 1857). “ Questions of the day ” form 
the theme of such purely “ popular ” writers as 
Mr. Hall Caine (b. 1853) and Miss Marie 
Corelli. Mr. Coulson Kbbnahan (b. 1858) 
has achieved distinction in the department of 
allegory, and allegory may also claim “Hie 
Garden of Allah,” by Mr. Robert Hichens (b. 
1864), who has also written in “The Woman 
with a Fan,” a striking novel of society life, and 
in “ The Black Spaniel ” touched the macabre 
vein, so distinctive of the work of Mr. Arthur 
Machen (b. 1863), author of “ The House of 
Souls ” and “ The Great God Pan.” 

Modern Romance. In the realm of 
historical romance, prominent places are 
claimed for Sir Arthur Conan Doyle (b. 1859), 
author of “ The White Company ” and “ Uncle 
Bemac,” and the creator of “ Sherlock 
Holmes ” ; Mr. Stanley Wbyman (b. 1855), 
author of “ A Gentleman of France,” “ Under 
the Red Robe,” and “ My Lady Rotha ” ; Sir 
Gilbert Parker (b. 1862), author of “ The 
Seats of the Mighty ” ; Mr. Anthony Hope 
(Hawkins) (b. 186^1), author of “ The Prisoner 
of Zenda ” and ” Quisante ” ; Mr. Maurice 
Hewlett (h. 1861), author of “Tho Queen’s 
Quair ” ; Mr. S. Lbvett- Yeats, author of “ The 
Chevalier d’Auriac ” and “ Orrain ” ; Mr. S. R. 
Crockett (b. 1860), author of “ The Red Axe ” 
and “ The Raiders ” ; Mr. Bernard Capes, 
author of “ A Castle in Spain ” ; “ John Oliver 
Hobbes” (Mrs. Craigie) (b. 1867; d. 1906), 
w^hose tragic death occurred as these pages were 
being pasf^ for press, autlior of “ A School for 
Saints ” and “ Robert Orange ” ; Mr. Ford 
Maddox Husffer (b. 1873), author of “The 
Fifth Queen ” ; “M. E. Francis ” (Mrs. Frances 
Blundell), author of “ Yeoman Fleetwood ” ; 
and Mr. F. Frankfort Moore (b. 1855), author 
of “ The Jessamy Bride.” Romance pure and 
simple and fascinatiqg marks almost every book 
that has come from the pen of Mr. and Mrs. 
Egerton Castle, joint-authors of “ Young 
April ” and “ If Youth but Knew.” The quali^ 
of a rare humour distinguishes the stories of lur. 
Jambs Matthew Barrie (b. 1860), stories that 
stand quite by themselves, as “The Little 
Minister” and “The Little White Bird,” and 
the short sketches collected in “A Window in 
Thrums ” and “ Auld Lioht Idylls.” The romance 
of adventure in Far Eastern seas has found in Mr. 



JosxPH CoKBAB (joInt-vathoT with BCr. F« M. 
HcriFFXB of Romanoo ’*) a Bkillal interpreter. 
Mr. Louis Bbckx (b. 1M8) transports the reader 
to the islands of the Southern Seas, as in ** Rod- 
man, ^e Boatsteerer ; while Mr. R. B. 
OUKKINOBAMB Gbaham (b. 1852) has written with 
masterly tSuoh of the romance of life in South 
America, as in **The Ipan6.” Australian life is 
reflected in the books of Rolf Boldrewood ** 
(Mr. T. A. Browns) (b. 1826) and Mr. £. W. 
Hobnuno (b. 1866), author of ''The Rome's 
March ” and " A Bri^ from the Bush.” Mr. Max 
Pemberton (b. 1863) has won wide popularity 
by his novels of pure adventure, a vein also 
profitably worked by Mr. C. J. Cutcliffe Hynb 
(b. 1866). South Africa as a held of adventure 
has been exploited to some purpose in the highly- 
coloured pages of Mr. H. Rider Haooard 
(b. 1856), author of King Solomon’s Minos,” 
'* She,” “ Ayc»ha ” (an old title revived), and 
“ Stella PregeliuH.” The roving spirit is well 
expressed in the work of Mr. Morlby Roberts 
(b. 1857). Mention must also be made of the 
fine works of Mr. A. T. Quillbr-Couch (b. 1863), 
author of ‘‘ Troy Town,” '' The Splendid Spur,” 
and *' The Ship of Stars ” ; Mr. Thbodorb 
Watts-Dunton, author of '' Aylwin ” ; Mr. 
Charles Marriott (b. 1869), author of "The 
Column ” and '' Genevra ” ; Mr. A. E. W. 
Mason (b. 1867), author of ” The Courtship of 
Morrice Buckler ” and “ The Pour Feathers ” ; 
Mr. John Oxbnham, author of "John of Gori- 
sau ” and " Barbe of Grand Bayou ” ; Mr. R. H. 
Benson, author of ” The King’s Achievement ” ; 
and Mr. W. H. Hudson. Then* is also much to 
admire in the writings of the Rev. S. Baring- 
Gould (b. 1834), whose ” Mehalah ” has been 
widely read ; Mr. Neil Munro (b. 1864), author 
of '' John Splendid ” ; Mr. David Stobrar 
Meldbum (b. 1865), author of ” The Story of 
Margr4dol ” ; ” Zack ” (Miss Gwendoune 

Keats) ; David Christie Murray (b. 1847), 
who has narrowly missed the first rank ; Mr, 
W. E. Norris, author of '' Giles Ingilby ” ; 
Mr. Alfred Oluvant (b. 1874), author of 
” Owd Bob ” and ” Danny ” ; Mr, Eden 
Phillpotts (b. 1862), author of ” f’hildren of the 
Mist ” and '' The Secret Woman ” ; Mr. Halu- 
well Sutcuffe (b. 1870), author of ” Ricroft 
of Withens ” and “ Through Sorrow’s Gates,” a 
writer who comes close to Hardy in every respect 
except that of humour ; Mr. W. C. Clark 
Russell (b. 1844), author of ” The Wreck of the 
Grosvenor ” ; Mr. Robert Barr (b. 1850), 
author of '' The Countess Tekla ” ; Mr. Laitb- 
ENCX Housmak (b. 1867), author of '' An 
Englishwoman’s Love Letters ” and ” A Modem 
Antasus;” Mr. Israel Zangwiix (b. 1864), 
author of “ Children of the Ghetto ” ; and 
Mr. Louis Zanowill (b. 1869). 

Humour has admirable representatives in 
”P. Anstey” ( Mr. P. A. Guthrie), Mr. 
W. W. Jacobs (b. 1863), Mr. Barry Pain, and 
Mr. W. PxTT Ridge. Mention must also be made 
of ^ soooess of Mr. Joseph Hatton (b. 1840) ; 
while Mr. Jxxomb K. Jerome (b. 1859) has prov^ 
himself a lunreUst of great power and insight. 
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Some Prominent Women Nowellato, 

Lucas Malet ” (Mrs. Mary St. Leqeb Harri- 
son) in “ The History of Sir Richard Calmady ” 
made a reputation for power at the expense of 
more admirable qualities, but the book will not 
readily be forgotten. Other prominent women 
writers are Miss Rhoda Broughton (b, 1840), 
author of '' Cometh up as a Flower ” ; Mrs. 
Katharine Tynan Hinkson (b. 1861) ; Miss 
Jane Barlow, author of " Irish Idylls ” ; Miss 
M. Betham-Edwards, author of '' ur, Jacob ” ; 
Miss Mary Oholmondbly, auUior of “Red 
Pottage ” ; Miss Una L. Silrbrrad (b. 1872), 
author of “ The Wedding of the Lady of Lovell ” ; 
Miss May Sinclair, author of “ Divine Fire ” ; 
“ Maxwell Gray ” (Miss M. G. Tuttibti’), author 
of ” The Silence of Doan Maitland ” ; Miss E. 
T. Fowler (Mrs. A. L. Fblkin), author of 
“ Concerning Isabel Carnaby ” ; “ Sidney C. 
Grier ” (Miss Gregg) (b. 1868), author of “ Like 
Another Helen ” ; Mrs. W. K. Clifford ; 
” Rita ” (Mrs. W. Desmond Humphreys) ; Mrs. 
L. B. Walford (b. 1845), author of “The 
Mischief of Monica ” ; Miss Helen Mathers 
(b. 1863), author of ''Cornin’ Through the 
Rye ” ; Mrs. Katharine 8. Macquoid ; Mrs. 
Campbbll-Prabd (b. 1852), and Mrs. Thurston, 
author of “ John Chilcote, M.P.” 

The Literary Life. With this very 
brief glance at the more noteworthy novelists 
of the day, each of whom has written 
at least one, and many of them several 
books well worth reading, we havo arrived 
at the end of our stud^ of English prose 
fiction, and, indeed, within sight of the 
end of this course in English Literature, for 
what is to follow is merely in the shape of 
appendices, in which we shall endeavour to give 
in the briefest outline some courses of reading 
in classical, foreign, and American literature. 
Most of the other courses in the Selk-Eduoator 
arc concerned with the direct application of 
knowledge to the daily conduct of life and 
business. This course in Literature has been 
designed chiefly for the general reader, that 
it might aid him to the inUdligent study of 
our great writers and those writers who, though 
falling short of greatness, have* still something 
to tell that will add in some measure to his 
intellectual enjoyment. The career of the pro- 
fessional man of letters is in some ways th(* 
noblest and the most attractive of all, but the 
way to it lies through much tribulation, and is not 
lightly to be entered upon, unless the aspirant 
has as clear a “ call ” for the work as the candi- 
date for the pulpit is supposed to have. We 
have made it no part of our business to indicate 
to the literaiy aspirant what his course of action 
should be, bni in the course on Journalism, 
which immediately follows that on Literature, 
the aspirant will find how the door may be opened 
that leads to success in literature. For it is worthy 
of note that by far the largest number of authors 
whose names are familiar to the n^ading public 
have made their way to reputations in literature by 
entering the world of letters through the humbler 
but more easily opened door of journalism. 

3559 


CkmUn/ued 



Ovonp 14 

MINING 

0 

Oontlnuwi from 


THE WORKING OF COAL 

Undergrpund Roadt. Different Methods of Dislodging and Removing 
Coal from its Bed. Machines in Modem Coal Mining Practice 


By D. A. LOUIS 


'THE first pomi to consider is the support of 
^ the shaft and the building and machmery 
on the surface, for whatever is taken out 
below will leave a space into which the roof 
will sink, and so m succession all the overlying 
strata, and presently the surface^ moreover, 
should the shaft come withm the sphere 
of mfluence all sorts of trouble would ensue 
Therefore, a block of mmeral around the shafts 
18 left mtact, except for the roads driven 
through it It 18 known as the shaft ptUar, mdi- 
cated at the bottom of 88 and 80 and at the 
top of 89 It 18 usually rectangular, with the sides 


The coal is then out away in slices To do this, 
the mmers hole or undercut the coal -that is, 
make a long, narrow cut in a convenient position 
— with picks, all along the face, supportmg it i 
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86 A OOAL-FAOK, Mim TUB, PROPS, AND GOAF 

measuring from two thirds to the whole depth of 
the shaft , thin scams require smaller shaft pillars 
than thicker ones, and shallow seams less support 
than deeper ones When once the extent of the 
shaft pillar is decided the method of workmg is 
the next question that arises, whethei longtoall or 
ptUar ana stall methods will be i mployed 
Longwall Working. The long wall is the 
simpler method, and, conditions bemg favourable, 

18 usually adopted Galleries to form the mam 
roads are drivt n m pairs for the sake of ventila 
tion One road serves for the fresh air to 
travel along, and is known as the intake 
a%r waift whiU the other servos for the 
air that has traversed the nime to readi 
the upcast shaft, and is known as the 
return atr-way Whm these roads have 
passed through the shaft pillar — and lovg- 
mil advancing is the method of working 
followed — the extraction of the coal may 
commence at once A passage way is cut 
in the coal, right and left from the mam 
roads, the coal bemg loaded m the tubs and 
taken away, while timber posts or props, 
and RometimeB chocks as well — the small 
squares on figure 86 indicate chocks -are 
inserted to support the roof The tramlmes 
are laid along this passage, so that the tu^ 
or little waggons can be brought right up 
to the exposed surface of coal, called the 
/ace An arrangement at a longwall face is 
shown m elevation m 85 and in plan in 86 
8560 


the cut deepens by short props called aprags , 
and frequently the coal is lurther supported by 
a horizontal timber held in position by a prop 
below, and another jammed against the roof ; it 
IS known as a coker meg Undercuttmg by hand 
IS illustrated in 87, and shows the method of 
cuttmg m the middle of a seam When the cut 
IS sufficiently deep, and taken far enough along 
the face, a vertical cut is made, mSnng, to 
loosen the undercut coal from the 
adjommg mass ; ^hen the sprags are 
withdrawn, and if the coal does not 
fall down of its own account, it is 
brought down by wedgmg or blasting 
The (oal IS loaded mto the tubs and 
trammed away, and another row of 
props 18 put up between the first row and 
the new face Any waste brought down 
with the coal is packed up behmd the 
miners, in the space from which the 
coal has been removed, makmg rough 
sorts of walls, which support the roof 
to some extent This waste area is known as the 
gob or goaf, and the piles of rock as goaf packs 
Two rows of prop=i are always kept behmd the 
miner, but when the third row of props is put m, 
the hmdermost prop 4 are drawn out and used 
agam , the roof then sinks on the goaf packs 
So the ordci of operations at the face is under 
cuttmg, spraggmg nicking, withdrawmg sprags, 
brmgmg down coal, loading it up, trammmg it 
ai% ay buildmg up packs, settmg up fresh props, 
advancing tramlmes to new face, and with- 
drawing back props. In course of time the 
roof fallh and loosely fills the goaf Special 
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precautions have to be obsonred when drawing 
props. 

Underground Roede. It is ohvkmXy 
useless to attempt to work a long face of oou 
witlt only one connection with the main road, 
as the back waggons would always be 
delayed* by those in front, and t$ee versd; 
therefore, the face is divided into convenient 
lengths called stalls, each stall being served 
by a road called a stall road, which is kept 
open in the goaf by means of walls built of the 
rubbish, called park walls or packs, and those 
staJl roads run into other roads known as levels 
or gates, branching obliquely from each side of 
the main road ; they should not, however, start 
opposite each other. The levels are also made in 
the goaf. All roads in the goaf are troublesome 
to keep open; therefore, as the face advances, 
new levels are started to intersect the stall roads, 
so that the latter are kept as short as possible, 
inasmuch as that portion of each stall road 
behind the 
new level is 
abandoned, 
and conse- 
quently ceases 
to require at- 
tention. For 
the same 
reason, sys- 
tems of inter- 
mediate roads 
are frequently 
I introduced to 
shorten the 
gates or levels, 
fa the diagram 
of an actual 
longwall work- 
ing shown [ 88 ] 
the gates and 
levels are 
taken right to 
the coal face. 

The con- 

ro^ HOUNG in tub middle of a face (PIioU) »>y H. W. HuKlieji, Dmllpy) 



still in use ; the dotted lines, those abandoned 
in the goaf. 

The direction that is given to the face is deter- 
mined by convenience or by selection, and where 
the cleavage or cleat of the coal is strongly 
marked, the coal is worked more easily with the 
face running parallel to the cleavage planes, o**, as 
it is called, onbord ; but more coal in large pieces, 
or round coal,iB obtained whore the I'oal advances 
at right angles to the cleat, or on end. When the 
coal is worked at an angle of 45 deg, that is, be- 
tween on bord and on is said to 1^ worked 

on fAe cross. The most expedient practice should 
be adopted, hence it happens that the longwall 
face is by no means alwim a long continuous 
face, but various kinds of sectional or stepped 
faces are introduced to meet special conditions. 
The st^ face in an inclined seam really resembks 
stope in vein mining. 

Longwall Rotroating. Longwall retreat- 
ing Is another modification of longwaU. In 


this praotioe, main roads and gates are driven to 
the boundarj^, and the coal is worked back to the 
shaft. In this way the goaf is left behind, and no 
roads have to be maintained in it. 1 ^. 88 illus- 
trates this method of working. Tlie main roads 
are driven to the boundary of a panel, then two 
sets of headings, AA, BB, are cut, and then the 
connecting roads ; ultimately the remaining coal 
is worked W)k in stepped faces, as indicated ; the 
shading shows the part already worked out. 

It wUl be obiorvedthat in longwall retreating 
the mass of coal is really divided up into solid 
blocks, with roadways separating them, and 
approaches slightly to the next method of 
working coal to be considered. 

Pillar and Stall. The method known as 
pillar and stall, post and stall, bord and pillar, 
or stoop and room, as it is oallod in Scotland, 
is adopted when the conditions arc not suit- 
able for longwall working. In it the coal is 
removed in two stages, t he first stage known os 

working in the 
whole, and the 
second stage 
as working in 
the broken. In 
the first stage, 
the coal is 
divided into 
rectangular 
blocks, or 
■pillar »,hy 
roads driven 
at right angles 
to each other, 
but leaving 
sufficient coid 
on each side 
to protect the 
main roads. 
The roads 
driven parallel 
to the cleavage 
of t h 0 c o a 1 
are known as 
walls, and 
thoHo driven 
bords. The 


at right angles to this cleavage 
bords are <&ivon 4 yd. or 5 yd. wide, and the 
walls 2 yd. to 5 yd. wide, while pillars 40 yd., 
50 yd., <M) yd., and more square are loft, or some- 
tinies the bord side is made longer than the wall 
side. The roof is allowed to fall in these vacated 
spaces. Home 110 to 55 per eent. of the coal is 
taken in the whole working. Hinall pillars are 
undesirable, binjause they thcmst^lves may get 
crushed if roof and floor are hard ; whereas, if 
the floor l>e soft, such pillars press in the floor 
and causes it to work up in the bords and woik- 
ings, producing what is called rree/j, which dis- 
bcates all arrangements. Fig. 90 is a diagram of 
one form of this method of working. The dia- 
gonal lines indicate the worked-out portion and 
pillars partially robbed, as the case may bo. 

Wortllfig In the BroKen. fforking iv 
the broken of rMing the pillars is the opera- 
tion of the removal of the coal left as pillars 
by the working in the whole, and this is 
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88. LONOWALL ADVANCING 

done in a systematic manner by various 
methods. In one of these; places, called 
skirtings, are driven from the tramway roads 

{ )arallel with the wall, and the lines are 
aid along these, then another place is driven 
in each pillar parallel to and along- 
side the bord. This drivage is known 
as a jenkin, and is carried the full 
length of the pillar; then the coal 
is worked away in slices called lifts 
or jvds, the tram rails being brou^t 
up the jonkin and to the face. To 
support the roof while the work is 
going on, props are used, or even 
props laid horizontally across one 
another to make a square pile, 
known as chocks. Several pillars 
arc attacked at the same time, each 
pillar lagging a jud behind the pre- 
ceding one, so that the work pro- 
ceeds in step fashion. In this way 
the pressure of the roof is more 
equally distributed and the crush- 
ing of pillars is largely prevented. 

Another mode of robbing the pillars is to drive 
simultaneously equal lifts from the bord and 
the wall until they meet, and then to take 


wh<^ pillar is removed. This is 
shown m the figure; the numerals 
indicate the order of taking the 
lifts. ^ • 

Modified Methods. There are 
many modifications of ptfllar*and- 
stalL The Lancashire method is 
one well suited to inclined seams ; 
the two main roads from the shaft 
are driven down on the dip or to the 
deep, and leveb 80 yd. apart are 
driven from them to the boundary, 
each pair of levels being kept about 
200 yd. apart, leaving the coal solid 
between them. On reaching the 
boundary two sets of levels are 
connected by a road, and the coal 
between is divided up into pillars 
by a series of drivages intersecting at right 
angles. The pillars are not all formed at once, 
but are gradually formed while the pillars 
abeady formed are being worked away, the 
step mode of procedure being again followed. 


88. LONOWALL RETBBATINQ 

It will be noticed that this method resembles 
very closely the longwall retreating, and par- 
takes of the characters of both longwall and 
pillar and stall. 

District or Psoel WoriLIng. 

This is a method of dividing a col- 
liery into panels or districts, each of 
some 3() or 40 acres extent, and 
surrounded on ail sides by a wall or 
barrier of untouched coal, which is 
holed through only at the points 
where the roads pass. Panel 
working is particularly advan- 
tageous with a tender roof and 
soft floor, for as only a small area 
of the seam is opened at a time, 
the roof does not weight so badly 
nor require so much timber. 
More round , coal is produced ; 
creep is prevented or restricted to 
the panel in which it arises, while 
the risk of explosion is decreased, 
because the gases given off in 
district are not carried into the 
next, but pass direct to the return 
air-way, and should an explosion 
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occur, it will most 
likely be ocmfiiied to 
a limited area. There- 
fore, fewer men will 
be injured or directly 
affected by it, and 
more men laved. More- 
over, as each district 
receives its own supply 
of fresh air, the at- 
mospheric conditions 
throughout are far 
better for the men, 
and as the distance 
travelled by each cur- 
rent is shorter, even 
the last working-place 
of a district is more 
healthful than when 
panel ^rking is not 
in vogue. In fact, if 
anything happen in 
one district, instead 
of inconveniencing the 
whole mine, as it 
might do under ordi- 
nary circumstances, 
usually only the district concerned is deranged. 

Machinery at the Coal Face. Heading 
machines have for some time been used for 
dinving the various roads in collierioH. Ihey 
generally optuaie by cutting a groove all 
round the face of stone or coal, leaving a 
block loose to be broken down and taken away 
by machinery or otherwise. A characteristic 
machine for tliis work is the Stanly heading 
machine, in it the cutten for making the 
groove are attached to the ends of two long 
arms, which are bolted at the other ends to a 
heavy casting ; this is mounted on a shaft that 
can be revolved by engines, the whole being 


DISC rOAL-CUTTINO MACHINU 

carried on a frame upon wheels. Tlie arms 
revolve, and arc^ kept to their work by a screw 
feed, and so cut the groove ; they can cut alxmt 
a yard an hour. 

Holing or Undercutting by Machinery. 

We have seen that whether holing is 
done at the bottom of the c:ual face or in the 
middle it looks an equally unpleasant occu- 
pation. Moreover, it will also Iks seim by 
reference to 87, that a very large amount 
of coal has to be cut away in order to 
give the hewer room to work. Now all this 
coal is broken up into small pieoce and mostly 
lost. Those are two obvious ndasons for the use 
of rodl cutting madiinea^ but 
the nd vantages are numerous, 
and may bo stated as follows : 
gn*at/er siifety for the raiiKsr, 
n*due(Hl wagiw jmjf ion, groati'r 
output JKT man underground, 
bett^T quality of output, some- 
times fewer explosives per 
ton, m<»re regular timber- 
ing, easier control of roof, 
easi<*r ventilation of straight 
faces, and more compact dis- 
tricts, shorter working-faces, 
more rapid odvancx' of fmjc, 
more even Hubflidene<* of over- 
l 3 ring strata, loss dead work 
and majntenane<» of roads, 
t'fiforccmeni of systematic 
methods, lowi^r cost of in- 
spection, etc. When holing 
under coal, more headroom is 
provided for filling, seams too 
thin for hand mining are 
workable at a profit, reduced 
charges per too for housing 
and for tnsuranoo are achieved, 
and seasonal demands or 
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periodi of hruk trftde oaa be more readily a pnlley eUMhed to ft pfop, eei in adyaa^, and 
Mponded to. tbenoe back to the machme, ao that, as the rope 

The featcirea to be deaired in a ooal-cutting ia wound on the machine 1 ^ meana^ of gw 

machine are : atrength of atruoture and work- turning the drum, the machine iteelf ia pulled 

ing parte, durability, convenience of operation, along ^ * 

protection of working parte, auffioienoy of bearing In chain coal cuttera, a travelling chain cany* 
aurfacea, freedom of acoeas to working parte, ing cuttera replacea the disc, otherwiae the out 

amount of smaU coal produced, adaptability to made ia nmiJar, With bar cutters, however, the 

different conditiona, Bimplicity of cutter action ia different, and 94 shows the 

picks and convenience of changing working parts of an electrioaUy dnven 

them, the amount of dust and noise bar cc^ cutter. Fig. 98 a single 

made in working, interchangeability of cutter. 

parte, and amount of power required The Piok-Quick Electric Coal Cutter 

to operate. And almost every machine * [94] consista essentially of five parte : 

invented claims advantages in these ' the euUer^bar (AB), the gear head 

and other desirable respects. (LMNO), the moior (S), the eunich box 

The object to be achieved is, of j (T), and holding gear (WX). 

course, to out a horixonial groove of aHmP|F ^e ciMer bar is of nickel steel and 

adequate depth, from 2 ft. 9 in. to 7 ft. ' tapered, and is provided with cutters 

according to oircumstancea, in or be- IF ^ [A] arranged spirally and a spiral 

noath the coal. This is done by means ^ thread [B] to act as a worm con- 

of cuttera which are brought into con- gg. cutter veyor for bringing out the cutting, 

tact with the coal or roc^k and are The gear head eneloses the main gear- 

made to travel with sufheient speed to abraid ing, which consists of a pinion on the mortar 

the coal and so to out the groove. For this shaft which drives a double bevel wheel, which, 

purpose the cuttera are set in various fashions in turn, drives the cutter bar pinion, iiith a reduc- 
m different machines, for instance, round lion of 2 to 1. The motor may be either direct 

the rim of a whiH^l, making a sort of circular current or alternating current, and the ttiodcheB 

saw ; in the links of a chain, making a sort and resistance are enclosed in a flame-t^t 

of lumd saw ; or spirally on a bar. Then cast-iron box. The haulage gear is also worked 

two machines of the rock-drill class arc also from the motor, and the rate is adjustable. 



94. WORKINU PARTS OF ELECTRICALLY- DRIVRN BAR COAL-CUTTER 


used for holing. There arc a few mecluinioal 
points that an* common to all types. For 
instance, they comprise engmes nsuaily worktxi 
by eompressefl air or electrici^, with geanng to 
set the cutters m motion, lliey are moimted 
on skids, or rollers, or fianged wheels running 
on rails, and most of them arc provided with 
an adjustable haulmg arrangement by which 
they can pull themselves along the front of 
the coiU faoo at any 


the coal faoo at any 

rate required. B 9 

The illustrations [91 ' 

and 98] will convey a 
very good notion of the qa 
working of a disc coal- ^ 
aUHng machine. The 95 , 

former figure shows the 

cutter just entering the coal face, and the latter 
shows the fallen Uook of coal whioh has come 
away verv clearly. The arrangement for movina 
the maemne along the face consists of a lif^t stem 
rope from a drum on the machine round 
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cluinioal The machine can be adjusted to hole at any 

8 . For height from floor level upwards, and can be 

worktxi mounted on track wheels, flat tread wheels, 
anng to or skids, and can be flitted or work its way 

noimted back. Ihere are, also, compressed air bar 

running cutters. 

led with Dialodging Mlnaral without £zplo« 

y which aiwea. At times, explosives are inadmissible 
front of or inexpedient ; hence, vanous other means 

have been introduced 

to get the stubborn 
mineral in whkh 
boreholes have been 
made. Cartridges 
, made of lime have been 
95. MXTLnrLB wxdqe used. Several of ^em 

are placed m the hole, 
le latter and are then treated with water ; they expand, 
as come and so force down thecoal ; but these onfyact in 
‘ movina certain classes of coal. By far the most fc^uent 
{^tsiem substitutes for explosives, however, are wedges 
le round of different kinds— wedges with feathers, wedges 


with roller beftring^ and 
feathers, hydraulic * wedges 
and multiple wedges arc 
examples. In the case of 
the multiple wedge fMi] the 
feathers are first placed in 
j^tion, the split-wedge is 
driven between them as 
shown (B), and if necessary 
a third wedge is driven be- 
tween the halves of the split- 
wedge ; C shows this and the 
effect on the surrounding 
coal. 

Conweyera at the 
Coal. Face. With the ad- 
vent of the cutter, occasion 
has arisen to cxpcKiiU^ the 
removal of the fallen stuff 
from the face to the niam 
roads, and rectmtly conveyers 
have l>een introduced for Uie 
purposes They are eriK.'ted on 
movable Bup|X)rts along the whole length of the 
fac‘e ; tlie coal is easily loadi^i on to them, and 
is at once run away to Ihj deposited into tuts* 
waiting at the end of the conveyer, thus ob- 
viating the tcilsome functions of the putt<>r or 
the man who manipulates the tubs at the fac*o. 
The conveyer is easily kept up to the face. 

Improved Timbering. In various 
figurcjs it has shown, or it has lavn men- 
tioned, that tinilxT pro|iH, timber bars, and 
timber chocks or cogs are very generally 
used to Hiipjiort the roof in coal mines much 
in the same way its in metal mines. But it 
will \)c seen that the trafiic is considerably 
greater in (*oh 1 mmes than in metal min(», and 
the main roads are generally correspondingly 
larger ; morc<ivt*r, many roi^ in coal fniiif44 
have to be maintained in ground filUnl only 
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ELECTRIC IXX'OMOnVB WITH LOAD 


with rulibish. Now, any disturlianeo of a 
main road means diskn^ation of the whole 
area concerned, which is very wTious nowadays, 
when work must done ex|XHiitiouMly to be 
remunerative ; mort»over. one of the most 
fertik^ sources of a('<*idents injurious to the 
men is the falling of the roof. Hcmce it has 
become <*ustoniary in many eollieries to ri'place 
timlnir supports bysUn^l ones. Wi* have already 
referred to such su Institution in tlu' case of 
metal mining, and now show an application of 
this improvement to coal mining. Various 
praoticiw have Unm introduced ; the one now 
illustrated is that followed by Messrs. William 
Firth, Ltd., of Leeds. Fig. 96 shows Mt«*el 
set at a coal face with woodem cafw 
bese projjH are mode from ordinary HtiM‘l 
girders of s(*rtion by cutting a piece out of 
the web at each end and tiiniiiig over th(^ top 
and iKittom flanges until thf^y meet and mak<’ 
a flat top and iMittom that will not cut int(» 
Uie roof or fl<K>r or lid. Htci*! girders arc fre- 
quently used in a c*oal mine roueJ ; they an* not 
only stronger limn timlH*r bars, but (hey ls»rid 
under great jin-sHurc, and so givt^ warning of 
the settlement of tin* roof. Tlu'n when Ix^nt 
they can U* used again with the convexity 
upwards or else 1x3 straightened and ustxi 
again. 

Special Timbering. A word may U; 
said liere, whieli would alsfi apply to vein 
mining, in reference to driving tliroiigJi Icosi* 
ground, by what is known as spilling or /tpiling, 
and wliich ermsists in Hup|s>rting tin* wcxik parts, 
roof, sides, or fl<K)r by driving fsilcs or iKiards 
over the last set of timiHrr, 5 ft. or 6 ft. in advance, 
and Hupportuig lh<»m by a t4*m|>orary set ot 
timU;r until tlicy are far enougli advanced to 
|:N 3 rmit of fixing a tx^rmanent set, the ground 
being excavatikl the while to fmdlitaU* the 
passage of the boards. We shall now turn our 
attention to the mc*aiis employed for getting 
the brok<*n maU*rial from the place wlierc 
it is defiosited to the place where it is 
required. 
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TmMport Und#rgrouii4« We have 
Been ihskt in metal minea the usual practice is 
to run tlie broken material in si^e tram 
waggonloads by hand to the shaft, and the same 
pnctioe is in vogue for conveying tubs of 
coal from the face to the nearest main road. 
But on these latter roads the tubs travel in 
trains, and either horse or mechanical haulage 
is employed. This is also done in many metal 
mines when the galleries are very long or when 
the waggons are run in trains. The use of 
ponies was formerly the general method; and 
such practice is still much followed. When, 
however, power is available, locomotives 
driven by compressed air or electricity may 
be found hauling trains of tubs in many 
mines the world over Fig. 97 shows this 
mode of transport. But in most coUieri< s 
traction of a less intermittent charaotor is 
preferred ; that is, an arrangement that can be 
always available to take in the tubs just as 
quickly as they arc brought along from the far 
Self - acting In- 
cline. A favourite 
method, when tin- 
material has to 
brought from a higher 
to a lower level— one, 
too, that is equally ap- 
plicable above ground 
—is the m^f-actmg in- 
cline, In this praeti<*(» 
the load tulm m their 
forward progress are 
causal to haul up the 
«»mpty ones on their 
way to the working face 
to be refilled. And tins 
is (effected by having a 
wheel or drum tixt«d at 
the top of the incline 
round which a rofn^ 
passes. To one end of 
this rope the full tub, or 
train ot tulm, is atta^'hed, 
and to tJie other end 
the ciuptK^. I’lie wheel is proyidi*d with a 
btake, so as to control the 8|)eed, and the 
inclme is In'st made stH*p at the top and flat at 
the bottom, to enable the load to start quickly 
and Ix' easily stopiHd. Fig. 98 is a view of 
Uie self-acting incline above ground. 

Single-rope Heulege. When, however, 
the material has to be drawn up an incline, 
what is known as ^ngU-rofte haulage may Ix^ 
employed. A drum and engine are provided at 
the head of the inclme ; the former is furnished 
with a good brake, and can be thrown out of gear 
with the en^e. This takes place when a train 
of empty tubs is lowered, for they are run down 
on the brake, and take the rope with them. 
When they reach the bottom, the rope is changed 
from the empty to the full train, the dium 
riurown into gw, the engines started, and the full 
tubs are hauled to the up^ier level when required. 


Maln-otid-tall Rope Haulage* When, 
however, the levels of the road are irregular, or 
the incline is not steep enough for the empty 
tubs to run in-bye and draw the rope with them, 
then w^t is known as main-aud-tau rope hmdagt 
is often adopted. There are two ropes. The 
heavier, or main rope, is the full len|^ of the 
engine plane or road, and, passing from Qie engine, 
is attached to the front of the full train, and 
hauls it to the pit bottom ; it is then transferred 
to the rear of the empty train, and follows it 
in-bye. The lighter, or tail rope^ is twice the 
length of the engine plane, and passes round a 
pulley at the in-bye end. It is attached to the 
front of the empty train on the in-by© journey, 
and to the rear of the full train on the out-byo 
trip. Tlie haulage engine in this coso has a 
drum for each rope, either of which can be 
throw'n in or out of gear as required, and each is 
provided with its own brake. 

EndlcM Rope Haulage. In this 

system an endless rope extends from one end of 
the road to the other, 
passing round a return 
wheel at the in- bye end. 
The rope is kept tra- 
velling slowly by an 
engine placed at the 
surface or underground ; 
in the former oa.s<» the 
ropes are taken down 
the shaft. The tubs are 
hung to the rope either 
singly or in sets, and the 
rope may travel above or 
below them. There are 
many ways of attaching 
the tubs to the rope. 
A common and simple 
means m over-haulaqe 
IS known as the S-dip, 
It 16 a clamp of round 
iron, bent to a double 
U, and pivoted at the 
centre of the tub. It 
gripe the rope a short 
distance away along a line which is not over the 
centre of the track ; hence, there is a slight 
side pull, and sufficient grip to move the tub 
along without doing the rope much harm. 
Loshmg chains may also be used m this case, 
but m under^haulage a clip must be used to grip 
the rope, and Fisher^s clip is an example of Such 
an applicancc. It consists of a hook, which is 
hung to the draw-bar of the tub, and hinged 
jaws, writh a recess, to hold the rope ; a slimng 
collar serves to lock the jaws, and the tub is 
released by knocking up this collar. En^ess 
rope haula^ requires in addition, driving pulleys, 
tightening pulleys, or other means of tarag up 
slack ; gtuding pull^ imd roUen ; frequently, 
too, automatic detaoheis are introduced lor re- 
leasing the tube at the end of the journey. In 
some few cases an endless chain is used for 
haulage. 
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The entrieB in this ledger, require little further 
explanation than they furnish in themselves. A 
page of the book, or more, if neoessapr, is set 
apart for each day. The charges againi^ each 
visitor are entered in the manner already 
mentioned, and cross-oast into the^laily total 
column. Any amount brought forward from 
the previous day is added, and the total entered 
in the grand total column. If the visitor pays 
his account, the amount is entered in the column 
provided for the purpose, and the account 
thereby closed. If he does not pay, the amount 
is entered in the carried forward column, and 
will appear on the page for the following day in 
the brought forward column. Any overcharge 
or other p.llowance to which the visitor may be 
entitled, is entered in the appropriate column, 
and should any visitor leave without payii^ his 
account, or if, for any reason, any amount is left 
unpaid after a visitor has given up his room, 
tlie balance due from him is carried into an 
ordinary ledger, where an account is opened in 
his name, on which he is debited with the amount 
he owes. 

Connection with General Books. The 

totals of the first sixteen money columns are 
entered daily in a summary ruled with corre- 
sponding columns, and at the ehd of a month a 
journal entry is made debiting Visitors' Account 
in the general ledger with the grand total, 
and crediting the various nominal accounts 
with tlicir respective totals for the month. 
The visitors' account would then be credited 
witli the cash received, and allowances made, 
and the balance of the account would re- 
pri^nt the sum then due from visitors, and 
should correspond with the amount carried 
forward in th(» visitors' ledger on the last day of 
the month. 

Before the t/oU^ls arc entered in the summary 
daily, cart* must, of course, be taken that the 
cross-cast agrees witli the sum of the daily 
total column ; and any discrepancy Iw rectified 
iH'fore the transfer is made. The daily total, 
plus the amount brought forward, must agree 
with the grand totals column, which, in turn, 
must equal tlic sum of the last four columns 
in the ledger. The ** amounts paid" column 
should bf* carefully chocked with the “ visitors’ 
cash ’’ column on the debit side of the general 
cash book. 

Visitors* Accounts. The accounts ren- 
donnl to visitors are prepared on the same 
principle as the ledger, the only difference 
being that the form is ruled to cover a week, 
('’olumns are provided for each day, and 
ff>r the total, while the different items of 
charge are shown one under the other instead 
of as headings of columns. The great advan- 
tage of rendering. bills on this system is that 
they can be compiled day by day, and will 
be ready at any time a visitor calls for his 
account upon leaving. 

The tabular ledw we have been considering 
owes its form largely to the necessity of carefoUy 
analysing the debits to the visitors, in order to 
asoertain the revenue under the different heads 
over which the income of an hotel business is 
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spread. But there is another class of under- 
taking in which tabular ledgers are not less 
valuable^ where the income is derived from 
practically only one source, but where there art* 
many» debtors with whom transactions take 
place only at regular intervals and then at some 
distance ef time. Examples of such under- 
takings arc gas, water, and electric light com- 
panies. Tliis form of ledger is suitable also for 
the rate-collecting department of municipal 
Huthonti(*s, and for the rcnt-collc‘cting depart- 
ment of a large estate. The form reproduced 
on this page is ruled in a mann(*r special Iv suit- 
able for a gas company, but it will be apparent 
to the Tender that it is capable of lH*ing 
adapted to the reijuirements of any of the biHi- 
nesses mentioned, and. indeed, to many others. 


works, and is intended, as much for the pn)- 
tcotion of the debtor as of the crcilitor. Tlie 
term bankrupt is generally applied rather loosely 
to any pt^rson in a state of commercial insol- 
vency ; but, strictly, it should be used only in 
reference to a person who has hetm adjudicated 
bankrupt by the ("ourt. This statement lUH’CMsi- 
tates an explanation of the steps \>hieh m\ist be 
taken In'fore tin* stage of adjudication can he 
arrived at. 

The tirst step in bankruptcy proceedings 
is the presenting of a petition to the ('ourt 
by a creditor or creditors fm* at least £r»P, 
asking that an order, known as n Utreiving 
Order be made against a delitor E\ery peti- 
tion must be based upon what is known as an 
net of bankruptcy. There an* several of 



Tills form praetwaby speaks for its(*|f, and 
very b'" words are iieeCMSaiy’ to e]uciilat(* it. 
Tile amounts due for gas eonsuined are nbtaimd 
from llie Inioks of the men employed as meter 
readers, \ilio make a quarterly iiisfiection c»f the 
meters for th(* purpose of obtaining the par- 
ticulars The mcler and other rents follow a 
tixed scale. Any charges other than those of a 
ht.inding charaeler, are not d€*alt with in this 
ledger, hut an* tn*ated separately, and apfdu'a- 
tioiis for amoiint-H due for fittings, eorin<‘etions, 
etc., will Ik* dealt with by another department 

Bad Debts Ledger. Any debts regarded 
bad, although entered in th<» column for that 
i)ur|»ose, an* not thereby abandoned or n<*gleet<*d. 
The iw'counts are closed so far as this particular 
k*dger is concerned, but they are transferred to a 
IM Debts Ledger^ wliieli is also kept in a taliiilar 
form, and gives briel particulars iif the nut u tv, 
amount, and age of th<* debt. It is convenient 
in many husin(*H8cs to keeji such a ledger, for 
while a trader does not wish to encumlier his 
ordinary ledger with accounts which may Is* 
regarded as dead — although th/*ro an* balane<*s 
due on them — he doc*H not wish to lorn* sight 
of them. They are, thf'refore, transferreil to a 
lKK>k which is largely in the nature of a register, 
in which only one line is devoted to ear h. They 
are thus in a form capable of easy siijN-rvision, 
and although not regarded as assets from the 
ac'oounts point of view, they may, with careful 
watching and nursing, result in something bc*tng 
ultimatuy recovered. 

The law of bankrupUy, as it exists to-day 
under the Bankruptcy Acts of 1883 and 

B 


tlH*se, ami tiny consist of nets imlieating 
either insolveney or an int<*nfion on the part 
of the debtor to defeat or delay his credi- 
tors by more or less fraudulent means. The 
aet of bankruptcy upon which the majority 
of petitions are presented is known as failure 
to comply with the t(*rmK of a bankrufitey 
notice This is a notice served upon a debtor 
by a creditor who has obtained judgment, 
requiring payment or security to the satis- 
fiietion of the cn-ditor w'ltliin seven days. 
If the terinh of tin* notice niv not complied 
with the debtor has (*oinmitted an aet of 
bunknjpi(*y upon whieli a pi'tition ean be 
founded. Bankruptcy busincHK is dealt with 
by a ]>artieulai oivision of the ITigh Court, 
and also by certain of the County Cfuirts, 
and upon pr(*scntal]oii of a petition a day 
is appointed to hear it. If tin* court is Haiistjed 
that it is equitahk* that a receiving orderslioiild 
Im* mad(* it directs ai'C'ordingly. 

The immediate I'lliTt ol a receding order 
is that possassion of the debtor’s property 
is taken by an ofllieei of th<* Board of M’rade, 
known iih the Official B<*<*eiV(‘r, and it becomes 
the duty of the debt<»r to lodgr within seven 
days a statement of his affairs 

Statement of Affaire. The state- 
ment must In* in a form prescribed by the 
Board of Trade in accordance with the Bank- 
ruptcy Acts, and it is in connection with 
this statement that we are now principally 
concerned. Heveral scheduies arc provided 
in which have to he ent<*red (1) the diffcr<*nt 
classes of creditors in three groups, (a I those 
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holding no security, (b) those holding security 
to the full amount of their claims, (c) those 
holding security for loss than their claims ; 

(2) liabilities of the debtor on bills which he 
has received from customers and others and 
subsequently discounted, and upon which he 
is, therefore, contingently liable as endorser ; 

(3) other contingent liabilities ; (4) claims 

of the landlord for rent, which he can recover 
by distress ; (5) claims for rates, taxes, wages, 
etc., by creditors who are given a special 
priority over others against the general assets 
not specitically charged to secured creditors. 

A form is also provided in which the debtor 
has to set out fully the whole of his property 
apart from book debts, for which a special 
sheet is provided. A separat<* form is also 
supplied for any bills of exchange which he 
has on hand available as assets. When these 
forms have been completed they are sum- 
marised on a sheet in the following form, 
this sheet being known as the Front Sheet : 


Front Sheet. It will be obser\ed that 
this statement resembh^s in ' some degree 
an ordinary balance-sheet, in that it is in- 
tended to show the assets and liabilities 
of the debtor. A balaiu*e- sheet of a going 
concern is, however, prepared upon the 
assumption that there is no immediate necessity 
for the realisation of the property, which can 
therefore be stated at its value to the pro- 
prietor from the view of utility. The pro- 
perty of the debtor, on the other hand, is 
valued upon the basis of early realisation; 
it may be as a going concern, but is probably 
at break-up prices. It will further be noticed 
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that some creditors, being given by law a special 
priority or preference, are entitled to payment 
in full before the ordinary creditois receive any- 
thing. The amount of their claim is, there- 
fore, deducted from the total of the •assets 
and the balance is the amount available for 
the ordinary creditors. 

From the nature of the necessity of the pre- 
paration of the statement of affairs it is un- 
likely that the assets will exceed the liabilities, 
and there is, therefore, generally a deficiency 
of assets to meet the claims of the creditors. 
Even when a suiplus is shown on a statement 
it is nearly always illusory and arrived at by 
the extravagant valuation of assets. * 

Deficiency Account. When a defi- 
ciency is show'n it has to be explained in a 
further sheet, knowm as the Deficienct/ AccA)unt. 
It is required that this shall cover at least 
a year before the leceiving order and begin, 
where possible, at a time when the debtor has 
a surplus of assets over liabilities. "I he object 


of the deficiency account is to show how 
that surplus has disappeared, and how the defi- 
ciency shown on the front sheet has arisen. 
The account, therefore, is largely in the nature 
of a profit and loss account and is made up in 
the form os shown on next pagt». 

The complete statement of affairs has to 
be verified on oath by the debtor and lodged 
with the Official Receiver, who calls a meeting 
of the creditors to decide the course to be 
taken in dealing with the estate. They may 
decide to wind it up in bankruptcy, and apply 
to the Court to adjudge the debtor a bankrupt. 
If they take this course a trustee may be 
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appointed at the meeting who will, after 
certain formalities, take over the assets from 
the Official Receiver and proceed to realise 
them for the benefit of the creditors. WhcMi 
they eare fully realised, he distributes the 
proceeds amongst the creditors pro rata« 
after first* paying his own remuneration and 
the costs and expenses of the bankruptcy 
proceedings. The distribution of n bankrupt's 
assets amongst his creditors is called a dividend. 

Public Eninlnmtlon and Diacharge. 
After the meeting of creditors, the debtor ha*^ 
to attend for his public examination, which 
consists of an apfK*aranee in open court, when he 
is questioned by the Official Receiver, the triiHt4‘e. 
and any creditors who may so dt^sire as to his 
past dealings with his propt'rty. Aftc*r the publh* 
examination has been concluded the d(d)tor may 
apply for his discharge from his bankruptc'y. 
This application is h(«rd in ofam court, and 
notice of the hearing is sent to all the credibirs. 
At the hearing the Official Rweiver rejx»rt» tlu» 
rt'sult of his investigations into the dcht(»r's 
cfmduet and afiairs, and the trust(»e and creditors 
may then lie heard against the application 


ouvnicsNir 

by the Official Receiver after the debtor’s public 
examination has been concluded. The Official 
Receiver reports upon the scheme or proposal, 
and if the Court is satistitHl it is for the benefit 
of the creditors, the arrangement is sanetioned, 
and the debtor thertdiy relieved from the various 
disabilities of bankrupt cv. 

Reference has Ih'cii made to creditor who have 
proved their debts. This relates to the manm*r 
m which creditors are requirtnl to lodge their 
claims iii bankruptcy pnnH'odiiigs. When the 
Official Receiver issues notici^s for the meeting 
of ertsiitors he sends out also what is known as 
a form of proof of deld. This is a skeleton form 
of affidavit wliieh has to Im^ coinpletiHl and sworn 
by the ertditor. It states tliat the debtor was, 
at the date of thi^ reiviving onicr, and then is. 
indebted to the pt^rson on wliose hejialf the proof 
is lodgKl in the sum naminl theriMU, and for the 
consideration staUnl. Any st'ciirity held by the 
crtnlitor has to Ik* fully stated in the proof and 
valucHl. In onier that the valuation miulc by the 
crtxlitor shall In* a fair one, the Offii’ial Rticeiver 
or trustee has the right in certain circumstanct^to 
call ujKm the creditor to deliver the stH'urity to 
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If the Official Receiver r 'jKirts that the debtor him upon oeing paid tin- ariioiiiit of Uic valuation, 

has lH*en guilt}/ of certain offences the Court will Wlu*n no trustee is appointed at the iiUM'ting, the 

either refuse tlie discharge or susjK'nd it for not Offieial R<*eeiv<'r acts in that eajiacity. 

less than two years. The jirincipHl. offeiiees Trustee's Accounts and Release, 
which w'ill entail this consequence are inability Accounts have to Im^ kept by the triishH*, showing 

to pay 10s. in the £, trading with knowledge of the realisation of the estaU*. and tlii' manner in 

insolvency, speculation, failure to keep pro|x‘r which the proewds are dealt w itli. ’I’he aeeoiints 

ViusincsB 1^l», fraud, and previous bankrujitcy are audiU'd twiei’ a year by tin* Hoard of "I’rade. 
If the discharge is granted the debtor is relic v(h 1 When the trustee has n^alised all the assets 

from all liability for debts incurred prior to the and distributed thi* sum available, he applies 

receiving order but for one or two unimiKirtaiit to the Board of Trade* for his release* as trustee 

exertions. A bankrupt who has not obtained He must give notice* to tin* <*reditorH of his in- 

bis discharge is not allowed to contract a debt of tcmtion to do so, and send to f*acli of theni a 

£20 without disclosing the fact that be is an summary of his receipts and payments, showing, 

undisohai^ed bankrupt. If he should do so he on the one hand, the amount the Hswts have 

renders himself liable to imprisonment. realisixi as compared with the estimate placed 

Compositions. To go back a short dis- upon them in the stati’riient of affairs, and, on 

tance, it should be mentioned that the debtor the other, the manner in which the amount 

sometimes brings forwfiu*d at the meeting of received has lieen exjiended in paynumt of court 

creditors a scheme of arrangement or a projKisi- and other fees, law costs, remuneration, and 

tion to pay a composition of not less than 7s. fid. dividends to creditors. The Board of Trade 

in the £ in consideration of being discharg<*d audit the accounts to the cIomi of the trusti^** 

from his liabilities. If the proposal is approved ship, hoar any objections liy creditors to the 

by a msjority in number representing three- grantii^ of the niloose, and either grant it or 

fourths in value of the creditors who have refuse it until the trustee has complied with their 

proved their debts, it is brou^t Ixdore the Court requirements. 

Continued 
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MO trade in more* complex than that of an iron- 
^ monj^er. It embraces a dozen trades in 
itself, and no man has ever attained to a thorough 
knowledge^ of every branch of it. Many of the 
departments, which art' sometimes separate* 
trades, are considertHl inde)K*ndent]y in separate 
articles in this course. Our concern is with the 
young man who wishes to open shop as a general 
ironmonger. If he has hud a practi<*al training 
with an ironmonger, the branches which he will 
cultivate will vary from those he will exploit if he 
has capital, but little practical experience. 
UndoubUdly the easiest department t-o enb‘r and 
und(*rstand is tliat of household ironmongery. 
Builders' and black ironmongery consist of 
merchandise which becomes familiar only aft^r 
long acquaintance. Henci* the competition of 
the draper and the stores is in household 
ironmongery. Neither class of opiMisition has 
entered seriously into the black and hca\’y 
dejiartnients. 

Capital. The annual turnover of the iron- 
monger is seldom more than double the amount 
of capital sunk in stock. In a small concern, 
where hand-to-mouth buying is jiractised, the 
year's turnover may rise to three times the stock 
value, but such a case is exceptional. Hcn<*e, for 
a turnover of £l,tKM) per annum, the capital 
available should be not less than OK) if anything 
is to U‘ allowed for shop fittings and a fc\\ pounds 
for cash in hand. The nfiportioning of capital 
upon stock must be decided by local conditions 
and the class of trade the ironmonger \iisheH to 
develop. The tive-shilling handbook, “ The 
Mtxiern Ironmonger,*’ published at 42, (’annon 
StriH't, Ijondon. E.(’., suggests division a*' follo\\H, 


and the allotments are os reasonable as any 
general advice can be : 

£ 

Fixtures, counters, etc. . . . . . . 60 

Stock, geniTal and famishing, including 
hollow ware and enamel ware . . . . 250 

Tools and cutlery . . • . . . . . . 60 

Brassfoundery * . . 26 

Black and builders' hardware . , . . 40 

Sundries . . . . . . . . , . 40 


£465 

book mentioned is a valuable practical 
guide tn anyone contemplating establishment as 
an ironmonger. 

StocRKeeping. The interior of the old- 
time ironmonger's shop is conspicuously void 
of attractiveness. The* science of stockkeeping 
dtM*s not find in the ironmongery trade the 
following which it does in other departments 
of retailing. To draw' l(*ssons from up-to-date 
hUickkeeping for ironmongers we have to cross 
the Atlantic. Many of the “hardware stores” 
in the United States and ('anada lead instead of 
lagging liehind in efficiency and attractiveness 
of shopkeeping methods. So thoroughly is the 
ruMd for proiH*r system recognised that there are 
a few busint'sh hou8i*s there who devote them- 
selves exclusively to the making and purveying 
of hardware shop fittings, and they sec'ra to 
thrive. We 8elt‘ct from American practice 
some up-to-date shopfit tings, and it will be ad- 
mitted that by system carefully calculated to 
suit the different departments of a hardware 
stock, an ironmong(*r's shop may be made to 
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1. UP-TO-DATS SYSinOI OF STOCKIKG SHELF HARDWAAS 







2. TIIE INTERIOR OF A MODEL IRONMONGER' K »tfOP 


look RR attractive a8 that of any other tradeg- 
inan. Fig 2 im an illuMtration of a m<Klern 
American hardware aiore when? profierly dcKigned 
httingg have enahhxl the paptT paroela to 1 m» 
diHcardud, and nothing meotH the hut 

draw era, ]o(*kerg and gloati oaHt^. Figg. 1 
and 3 hIiow in greater detail the gygtcm of 
iixtureg adopt'd. Tlie latter arrangi^i for toola, 
iH Helf -explanatory ; the former, ghowg the draw<*r 
hygtem of keeping hiiilderH' hardware and hrnKH 
foundery, each drawer having in front a gla 7 .(Kl 
compartment in which ig placed a rtainple of tie* 
contents of the drawer. Tlie value of such an 
arrangement for indicating the nature of the 
stork wiUiout deterioration is ohvious. 

'Flic next illustration |41 is of an AmerKan 
nail counter, each nail Inn iKnng niount<Ml upon 
an axle which fiermits it t<o fulfil its fiinctuni 
much hotter than th<* ordinarj iixed hin. The 
show Bland for seylh<!H |5J is convenient in that it 
displays the articles w'cll, and (»fTorM no rmk of 
injury by exposed cutting edge.s. 'Hie shot 
case [6] is aeviscHl so that 
each turn of any handle Ik*- 
low' a glass disc admits intrj 
the drawer beneath exactly 
one pound of the shot, so 
that to extract 7 lb. of any 
desired size of shot it is 
necessary only to turn the 
proper nandte seven times, 
after which the scooped - 
shaped drawer, the handle of 
which is visible, contains what 
is wanted. 

Fltlinfs. 

But apart from special fitting 
such as we have described, 
the iroiimoiiger may improve 


his shelves by act ing 
as carpenter. Hard- 
ware shelf Ikixiw 
may lie purchased, 
but they may easily 
Ik* macie by taking 
two stout piiHHVi of 
wo(k 1 of equal uixe 
to servo for liaek 
and front, and h\ 
titling to thm* ii 
niece of hIkh*! iron 
Ismt to form sides 
and Fig 7 

shows a fitting for 
koiqiing orderly stock 
(»t rof.H*H in coils, 
'fhe coils aiH' b(*nmtli 
the fl(K>r, and a 
spring clip is fixed 
ix'iK'nih mch hole 
to pnn'cnt tlio rope 
riJiiniiig Iwick. Fig. 8 
i*iq»n*HciilH a shelf 
fitUsl by an iron- 
monger's assistant 
w ith horizontal di- 
viding shelvm of 
w<x)d and sinall ver- 
tical partitions of sluH't iron (*ut to si/.l^ It 
w'oiild Ik* difficult to iniprovo upon siii*h an 
arrangement for edge tools, such as hits, ehiH<*ls, 
plane irons, etc. 

Tlie list of shop fittinf^s given is infi^ndid to be 
MUggwtive, not exhaustive Almost every class 
of ironmongery may Is* Iw^tU'r stocked hy special 
eastvi or fittings purchased or home made, and 
the result of tli<*ir urn* is l>(*tt(*i kept stock and 
prompter service 

Shop Aaalatance. The ironmonger who 
Is'gins husitiesK on the minimum capital possihle 
will not ' ecd mu( h shop iissistami The help 
of an appM‘nti(’e. mcss.igc hoy, oi porter will 
Huflf]c< Ihit It In to Im* ho{ii*d that trade will 
develop cjuickly, and hnng the need for other help 
It iH a eomnion saying m the tradi* that one 
assistant or apprentice is required for every 
ll.fMM) of turnover This will he found to Ik> 
approximately uc curate 

ironmongers’ assistants are badly paid, al- 
though probably not worse than tin* average 
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shopkeeper’s assistant A few years ago the 
writer investigated this subject to some depth, 
and found that the average salary asked by over 
100 asHistants applying mr a situation as chief 
assistant was about 30s. wr week. In London, a 
(food young assistant can be engaged for this sum, 
and in the provinces 268. or even less will secure 
th(i services of a youth who has passed through 
a good apprenticeship training. 

Quality of Aaaiatanta. There have been 
many complaints regarding the poor qual^ of 
the present-day ironmonger’s assistant. There 
is reason in the complaint. Good men have 
ambitions, and in view of tln^ fact that the 
capital nt^ccsisary to open shop is large in com- 
parison with other trades, ambitious men without 
capital art^ prone to enter other spheres, leaving 
the mediocn* and poorer members to pass their 
days behind the ironmongery counttT. 

The Ironmongers’ Federated Association has 
recently emlmrked ufwn a scheme of practical 
examinations for assistant ironmongers in the 
hojH' of raising the quality. The scheme has up 
tf) now achic*ved only moderate success. It has 
not been shown that the certificate of the 
Association carrit*s with it an extra 6s. a week in 
remuneration, 
and assistants 
grudge the 
time and effort 
to qualify for 
the diploma. 

But, apart 
from direct 
and i m m e • 
d i a t e p e <• u • 
niury gain, the 
examination is 
an excellent 
thing, and a 
certificate 4 . nail corNTER pitted with 
stamps the swinoino bins 

man w'ho has 

won it as having aspirations towards a kno\s Uolge 
of bis trade far above the average. 

Buying. The succt'ss of a retail ironmonger is 
primarily a question of succe-ssful buying. It is 
a good rule to strive to build up a stock the 
individual articles in w'hich are different as far 
as )xiHsible, from those stocked bj comjH’titors. 
For staple articles — nails, netting, hinges, and 
other tilings — this is im}K>sHible, but by seeking 
different nattems in housi'bold ironmongery, 
brassfounaery, and other classes when* variation 
is possibU*, Ix'tter prices are usually obtainable. 
It is usually difficult for the man wdio has Wn 
wont to buy in fair quantities for an employer 
in a large way of busini^s to reduce the orders 
to the requirements and capital of his owm 
modest start, and shipwreck has often l>e<*n made 
from this circumstance. Wlien accounts fall due 
for payment, a sovereign in hand is worth tw'o 
locked up in shelf stock. Therefore the 
neoi^esity to preserve a cash balance in hand, 
even if the stock suffer Uiereby, is imperative. 
Money is to be saved by taking advantage of cash 
discounts, and this cannot be done wiUiout the 
cash available as cash. 
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Factors veraui Manufacturora. The 

factor — that is, the City wholesaler or com- 
mission merchant, who was always formerly the 
medium through whom hardware merchandise 
reached the retailer — is becoming a less important 
quantity in trade relation. The tendency is all 
towards the manufacturer getting ^nto direct 
touch with the retailer. Indeed, the tendency 
is, in some directions, much further. It is some- 
times that the maker gets into direct touch with 
the consumer. The policy of the retail iron- 
monger is, of course, all against direct trading 
lietween the maker and the consumer, and he will 
encourage firms who refrain from this undesirable 
but not infrequent practice. But he will, on the 
other hand, strive to purchase as much o^ his 
stock as possible from the makers and not from 
factors. 

At first, especially if he begin business on 
small capital, this will be difficult, but as he 
feels strong enough to order individual “ lines ” 
in larger quantities he will pass the factor 
for the manufacturer. It will not be possible to 
dispense with the factor entirely. For imported 
goods, for instanct*, German, French, and Ameri- 
can, the factor must be patronised. He may 

often be patro- 
nised unwit- 
t i n gl y. A 
professing 
m a n u facturer 
may factor half 
the goods 
which he cata- 
logues, as, in- 
dex'd, nearly 
every Birming- 
ham brass - 
founder does, 
although few 
retailers know 
it, but as a 
general ptilicy 
the retailers will try to cultivate relations 
with the manufacturer in preference to the 
factor. 

Catalogues. In a retail trade so diverse 
in its character as that of th(* general ironmonger 
it is impossible to liold in stock everything 
that may be* asked for, and in no branch of shop- 
keeping is there greater need for a good system 
of keeping re^dy for r(*fcrence a good range of 
illustrated catalogues. It is not enough that 
such catalogues should be in the office ; they must 
be arranged and cla.ssificd in sdeh a manner 
that they may lx* placed before the customer 
at any required moment. Then there must 
be no need to spend time hunting for “ that 
last quotation ” to know what discount 
the catalogue prices boar. When a uniform 
^scount prevails Upon all the goods shown 
in a given Ixxik, it is an easy matter to 
have that discount indicated in cipher on 
the front of the catalogue or other readily 
accessible place. Where different discounts 
apply throughout a book, it means a little 
more work to record tlie details, but it is 
none the less essential. 





DISPLAY STAND FOR 
SCYTHES 


Speciml Orders. Naturally, onl^ price 
luta and oatalogues which carry diaoounts 
sufficiently large to constitute a reasonable 

S rofit are shown to customers. In these 
a3ri there are few maker's catalogues which 
do not fulfil this reauiroment. It is always 
well to • exhibit to the purchaser caUlogiu^ 
carrying good long discounts. Assume that 
a special size of fishkettle has to be brought 
from Birmingham, the profit may vanish under 
the carriage charge if the trade 
discount Ik* only 33 J per cent., 
but if a fiO mr cent, catalogue 
be shown and list price be secured 
there is a good ^ofit left after 
paying carriage, ^c customer is 
seldom willing to pay any special 
charge caused by filling an urgent 
requirement. He usually considers 
that this charge should comt' from 
the retailer's profit. Another reason 
for preferring the long discount 
catalogue when taking a catalogue 
order is that it giv(*«! the oppor- 
tunity to allow something off 
The purchaser thinks he has a 
far lietter bargain at 13 per cent, 
from a 50 per cent, list than when 
he pays list price from a 33J per 
cent, catalogue, although the former 
transaction yields the ironmonger 
a larger (Commission. 

Trade DIecounta. In no 
trade is the system of trade discounts so 
complex. Till' ironmonger who understands 
all alioiit trade discounts has a clear head. 

There are some articles which are subj(M*t to 
say, 80 fier cent, discount, not many, |KThaps, 
but enough to enable this to be taken os an 
example. 

To the man with a non-matheniaticul head 
and no trade exficrience it would Hcerri that to 
sell such goods at 75 |K»r cent from list would 
lie ruinous, wheroRS, in 
fact, the practice shows 
a 25 p(T cent, profit on 
cost. The instance may 
l>e given in illustration 
of the ncMKi for car<*ful 
figuring in calculating 
prices by discount, es- 
|)ecially if the discount 
lie a long one. 

Goods should be 
}ed on a discount 
is. This is the only 
way to preserve uni- 

Sh to‘*Sjb£.'’"Tre • ^ ‘'OKVWIEST SHOT CASB AV« 

customers should not, of counu*, 1 m* initiaUMl isolat4'd districts, 
into the m 3 mteries of the discount system, as 
the knowledge furnishes them with a lever of 
comparison which may prove exceedingly in- 
convenient for the retails. 

Frice Malntenanee. There has lieen 
much talk of price maintenance in ironmongery 
during the last few years. Although the atten- 
tion which the subject hae received at meetings 
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of ironmongers' Mooiations and in Uio trade 
may convey the impression that Uie movomont 
towards the maintenance of minimum retail 
prices has acqiiirtHi a stnmgth and achieved a 
success fpreater than actual facts w^arrant, yet 
the practice Un'orning tixinl and is taking deeper 
root, thanks to the combination of ironmongers 
in trade assoiiations. Fixed retail prieiw can 
be maintaint'd by two methods, by the manu- 
facturers insisting that purchasers of tlu'ir piods 
I must sena tlu* article purchased 

only ii|K)n certain (*onditioiis, and 
by a (Munbination of all tlie re- 
tailtTs ill a sptnMlic an*a under 
inutunl agrec'nu'iit to maintain 
certain prices u|>on eintain articU's. 
The former nu^thod, that when' 
the law is enforced by thc^ manu- 
facturer, is applicable* only U) pro- 
prietary arti(*les — a sp(*cific car|M*t 
sw(M*)K*r. a e(*rt4iiri cartridge, a 
ptH'uliar make* of lawn mower, for 
instance — but is unHiiitablo for 
gcniTal elasscH of harilwan^ made 
by many eompi'tmg maiiiifaeturt*rs. 
(>u the child articles of sale, which 
have little or no distinction in pat- 
tern, although made by many 
makers, prices rnaintcnanci^ is only 
feasible by harmony Iwtween the 
retailers in the ('list net eoiiMti- 
tuting the field of trading It is 
often difficult to si'eiire Ibis har- 
mony. One rwalritrant member of the trade 
may prevent other 41) members desirous of 
uniformity in selling |K)liey from priudising 
that iiniforinity. 

Manufaeturers who adopt tin* price- mam t<en- 
ance scbeiiie seldom iiiNist upon tb(^ maint<man(*e 
of full list prices; they usually stipulati* only 
that there must be no cut ting loiier than a 
certain rigur*e Thus, most nianufaetunTs of 
lawn mowers, vho allow 30 or 33J fier cent. 

tnuie discount from 
list prices. iMTiiiit piir- 
< liasi'rs to sell at 15 |)t*r 
(ciit. from list ("arjM’t- 
sueeper makers and a 
few (»lher makers of 
proprietary articles of 


liardwarc follow similar 
sysOuns. 

Profit*. 3'he articles 
ufion which retailers 
have arrange J to main- 
tain tnmimiirn pricr*H 
are eom)Miratively few, 
and the prarticAj has 
a fioid only Ufion 
Wiri! netting is the article 
which has rfci*ive<i the greatest attention, and 
in some districts agreement has stop|NMi the 
sensf'loHs habit of giving what is practically 
change for a sixpence and calling it carrying 
on the business of an ironmonger. A leading 
ironmonger recently proposed m the columns 
of Tile Ironmonger '' certain rates of imifit 
which certain representative classes of hardware 
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should carry. The rates are reasonable, and 
worthy of being put on record here : 

por cent. |ier cent. 

AxIch and Mprin^H . . 20 Hollow-ware . . . . 35 

Agricultural imjdo. Hurdlon 16 

inentH 20 Lawn-moworg .. 17J 

Bar iron, Hlieet iron, l^ead and ^Iohh 15 

giidcrH, Bteel . , 15 ManKlin^ and wrin^- 

Bathfi (cant) . . . . 20 in^ inacluiiPH . . 25 

BioycloH . . . . 25 Nailn 20 

Bolting 25 Oil*«nginoH . . . . 10 

OomigutfMt HhootH . . 15 Oil» (linnood. turpen- 

OolHn-fiirnitiire . . 25 tino, macliinn oiIh, 

tJoinont .. .. 20 etc.) 25 

Duiry-inaclunoH (HOfi- I’orarnhulKtorK . . 35 

aratorH, cliurnH. I*aintH and varniHhen 25 

buttor-workerH) . . 20 Rainwater goodn . . 20 

KnatnellcHl hIhIo and UopoH 25 

wood iiiantol- S p n d o h, for k h, 

piecoH . . . . 20 Hlinvolh. HcvtlicK . 25 

Fmicing-w’ii’o . . 20 HuHli-woiglitH . . . . 20 

FiloM 25 Wi*iglimg-niachin»*H. 

Felt 25 ]»liitioriii - nia- 

(IratoH and rungeH, rhiiieK, coal-ina- 

rvgiHtarH, Htovoh, <‘hinari, etc. . . 20 

inunlel-regiHterH 20 Wire netting . . . . 20 

(loM-HtoveH .. .. 20 Wrought -iron iuhcH 15 

tjardeioHeatH and BiiiHHloiindery. lockH. 

garden furniture hmgeM. hci-cwh, etc. 

gitnerally . . . . 25 (Jor )>uilderH) , . 20 

(tarden-hoHe . . 25 


among ail those tendering can bo secured, 
agreement is possible, ana reasonable profits 
attainable, but association to this end can 
seldom be attainod. Under ordinary conditions, 
the ironmonger must recognise that he c^not 
secure an order in competition and a direct 
profit at the same time. Therefore, »he must 
work for an indirect profit. Where the man, 
firm, company, or corporation placing orders 
by tender never give the opportunity of indirect 
profit, the better policy is to refuse to waste 
time in drawing up an estimate, leaving the 
business to those foolish enough to wish for it 
on its merits or demerits. There are always 
such rompetitors, and they may be left to stew 
in their own juice. But where a profit may 
honourably be worked in edgew^ays the trade 
may be worth having. 

A Sprat to Catch a Whale. Let us 

take, for example, a w'orkhouae, hospital, or 
municipal d(*partment, the year's contract for 
ironmongery in which is to be placed by 
competitive tender. Jt may be necessary to 
quote upon a profit basis of 10, 5, 2| or 
even 0 jK*r cent . to secure the order. 1 f thc^ extras 
which may be cxiK‘ct4‘d to ac'crue, and which 


These jK*rcentageH an* intended 
to Ih* calculated upon H(>lling 
prices, not ujum cost prices, a 
point of Hoim* imjKirtance, as 
there is a mat>erial difference 
betwcH*n the two. They must 
neciwwirily lx* considered ns 
elastie in their application to 
different districts. Kven given 
agreement lietwecm the hard- 
ware retailers in a eertam 
area, any scUenu* of selling 
prices would have to consider 
the amount, strength and 
jiolicy of competition from 
neigh Ixiuring eommercial cen- 
tres o})eratitig in the district. 
Much of the ironomnger's tradi* 
is of a semi-whoh'salc characU*r 
— selling t4) builders, carpenU'i*s, 
«md others, who ex|H'ct to 
purehasi* under the usual ret^iil 
prices, and the competition for 
whose custom is keen. It were 
useli^ for the local iron- 
mongers to demand a 20 |M*r 
cent, profit on nails if the 



7 ARRANOEMKVT FOR STOOKfNO 
ROPES 


are not covered by the sehedule 
pne(*s, promise to yield a 
r€*asonabie, even if low, profit 
out of the whole contract, it 
is worth securing. TTicre is 
always a little prestige attach- 
ing to a successful contractor 
under competition, and this is 
not quite a negligible quantity. 
Should the tradesman under 
such conditions charge fairly 
high prices for the extras, 
thereby getting “ a little of his 
ow’n back,” he can scarcely 
b(* chargetl with either moral 
or rommiTcial transgression. 

A Case in Point. TTiere 
aie many cases w'here an aj)- 
j)arcnt no-profit transaction is 
more directly remunerative*. Let 
us suppose* that a private* in- 
dividual is ert*eting a villa — an 
event which doe^s not happen 
often in his lifetime. He is 
fastidious in his choice of 
grate*s, stove*s. Ml - fittings, 
rhimni‘ypieee*s and tile* hearths. 


trav(»llers from an ironmonger m a town 
tw'cnty milt*s off w'ork their customers offering 
these goods uiion a profit of Ijd. or 3d. a bag 
— pursuing tlie policy of setting a sprat to 
catch a whale. 

Tendering. MucTi of the* busine*88 of 
many ironmongt»r8 comes in the* form of eirde'rs 
Ht'cured only by competitive tenelt'r, and all 
who know anything of t-his class of trade know* 
with what complaint it is carried on. (>om- 
petition, w*hich is the life of trade, is the slayer 
of profits, and competitive orde>r8 such as come 
in the way of the ironmonger are usually secured 
onlv by cutting dow'n profits to the point of 
mvisibility or beyona. Where association 


He probably goe.s the* rounds of the* local iron- 
mongf*rH inspecting stiK*k and ge‘tling quotations. 
The*re is probably a c(*rtain make of kitchen 
range popular m the* district, and one is certain 
to Ik* included in the orde*r. The ironmonge*rs 
quote a low price for this stove, cutting the 
profit deiwn to nc*arly nothing. The tradesman 
who makes a daring cut to a half-sovereign under 
cost price w'ill secure the order. His fellow*s 
will wonder if he has developed into a philan- 
thropic institution, and will predict his speedy 
appearance in Carey Street. But he may be 
the wisest man in the crowd. The purchaser 
is probably ignorant of the respective values of 
the other items in the bill he is mounting up. 
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Hearth tiles, which cost Ts. 6d. a vard, may be ultimately ivaliBcil, but luo room which thiiign 

sold him for 208. or 258. a yard, if they please his took up could have been devot^ to more 

fancy. A few chimney-pieces may be selected saleable goods. The ironmonger is, as a rule, 

carrying something approaching 100 per cent. far too loth to “ cut his losses. Whort> a roni’ 

profib on cost, and the half-sovereign thrown nant might have lHH>n saved, he hangs on to 

awi^ may return fifty times its value in net the lot till all is gone. It is to be rcnieml)erf^ 

profit, ikie ability to profit by occasion such in business that stock once deteriorated will 

as this, to estimate its value, and to act accord- never regain its original value, and no tracles- 

ingly, goes a long way to make the success of a man is more oblivious to this fact than the 

modem retail ironmonger. ironmonger. 

Stocktaking. Every business man should Departmenta and SIde-llnea. 'riiere 
make a jKsriodical inventory of his stock. are many departments and side-lines to <hc 

Ironmongers arc given to obey this rule less ironmongery trade wliich are the subjects of 

than other shopkeepers. There is some reason special articles in this course, ami which may 

for their reluctance to take stock. It is no light tnerefore be passed w'ith bare mention. They 

undertaking. It is at the least a two or three ineliido agricultural implements, domestic 

w'eeks’ job, and if things seem to lw» going well onginec»nng, bap and trunks, china and gliiss, 

there is a great temptation to drive the old ship cutlery and tools, cycles, guns and ammunition, 

along without casting the log. Rut there is a fishing tackle, plumbing, baby -carriages, housi^ 

double reason for taking stock. Not only furnishings, motor-cars, toys and games, and 

does it indicate the value on the shelvcvii. but it 8<*wing machines. The suitability of a depart- 

also gives a pcriwlical op|K>rtunity to clear out inent or side-line depends upon premisivi, locality, 

old stock and sell it before it-s value has de- com}>etition, fivshion, capital and taste, and u|>(tii 

teriorated further. 'Phi* task of stocktaking thi‘sc points every man must decide for hims<*lf. 

may lie simplified sonic- ^ Working K x • 
u hat by follow’ing certain 
nu'thodH. For instance, 
wire netting may be 
M’<»ig}ie<l instead of Is'ing 
measured, and tlu* 
measun'ment may be 
calculated from tables 
showing the relation of 
weight to length in th<* 
various widths, nieshcH 
and gauges. Oils may 
Ik* treat <*d in the same 
way. A system of stock 
taking of household and 
cabinet brossfoundcry 
by weighing it is given 

in the “ ironmonger 

Diary for HK)3. it is g vkh i*artitionki> for kdok tooi>* other U>o hlRb- li 

approximat<‘ly accurate, is (‘vident that the framer 

and W'hile not gcK>d enough for an inventory of t lie former i-stimate had reached it by including 

for purfioses of sale or purchase, is sufficient in the sum interest on capital, or, at least, 

where the business is to remain in the same managerial salary U> principals. This method of 

hands. By thm* and other devices the task of (*Htiniating is good and safe, and we believe that 

stocktaking may be mati*rially lightened In where high city rents have to be paid the ex 

any event, stock should be taken every' year. |K*nseH may sornetimeM be os high as 22 J percent. 

Cheap Sales. The annual or semi-annual Rut in small busineHseH siieh as those we are 

cheap sale has not yet Irecome a general institu- considering it may Ik* taken that 15 to 17} per 

lion with ironmongers. A few firms have lulopted cent, of the turnover is swallowed in working 

this method of clf*anng off soilcKl or doubtful exiK*nHeH. Were the lK*ginner to fraim* his prices 

stock, and the fact that firms who have once gone u);K>n the groundwork that ex|K*nK<*H were 

in for this usually maintain if as a periodical 221 jrK*r cent., he would probably sfarve for 

event is the best rc*e*ommendation for ita value. lack of trade. An edd-eslablished and a high- 

One has only to attend an auction at which the class busrn(*Hs may ffoiirish iind<*r a reputation 

stock of a ve*ry old-established ironmonger’s for higli prie»*M if exc’cllence and variety of stock 

is being realised, to Ik* impressed with the Ik* an accompanying feature, but the small 

mass of absolutely unsaleable stock which has lK*ginner. whesw* stock, though good, cannot 

accumulated. Much of it fetehcjs the price of claim wide variety, would commit commercial 

old metal, or a little more. The process of de- suicide by attempting to build up a trade? on 

terioration has been gradual. the goods hi^ prices. 

been sold at cost price just when they began to The Ironmonfer’s Workshop. Whal- 
go off, or at a little less a little later, their holders ever may lie said alK>ui the sc*lling of iron 

would have suffered far less loss. Not only roongery goods, if. must be allowed that the 

would more hard cash have been got than was trade is not prosecuted to its widest scopi? if 
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penaea. ino worxing 
<'X]M*iiseH of an iron 
mongiT's busin(?HH art* a 
very variablt^ cpiaiitity. 
Wt* noticed in the lt»ad- 
ing trade pap(*r a fc*w 
w(H*ks ago tliat a promi- 
nc‘n1 Liv(‘r|K)ol iron- 
monger stat(*d that it 
costs on an av(*rage 22} 
p(*r (*cnt. U> run an 
ironmonger’s biiHinesH, 
while a fe^ weeks be- 
fore* anotli(*r retail»*r not 
many miles away put the 
iM*ref»nfage as lb percent . 
Tilt* one was too low, anti 
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the businees does not include a working depart- 
ment. 

Capital invested by an ironmonger in work- 
shop equipment and material ought to yield 
much more profit than a similar sum spent upon 
stock. So much of the workshop turnover is 
labour, which involved practically no capital 
charge, l)eing merely drawn upon as required, 
that it is much more remunerative than a 
ordinary merchant business. The materials also 
upon which workshop lal)our is expended — bar 
and sheet iron, tin plates, copper and brass, zinc 
and lead — are semi -raw materials, which cost 
much less in proportion to bulk than ordinary 
shelf hardware. Khould there be t wo ironmongers 
near each other, one of whom has workshop 
facilities and the other has not, much mer- 
chant trade is caught in the net of the former 
on account of his ability to instal the ranges, 
heating and lighting apparatus, electric bells, 
pumps, and sanitary fittings which he sells, 
and from his ability to repair anything from a 
tin tea-bottle to a motor-ear. 

An Ideal Partnership. The ideal part- 
nership for two young men beginning business 
together as ironmongers is found when one is 
skilled in buying and selling stock, and in 
window-keeping and office work, while the* 
other is a praidical man competent in one 
or more working compartments, and able, if 
he cannot himself do all classes of bench and 
fitting work, at least to supervise practically 
men who can, and t^ jin'vent the issue of badly- 
execuUni work and the waste whi(’h robs many 
an ironmonger of the profits which should accrue 
to him from his workshop department. 

Should two young men such as we have indi- 
cated decick^ U) run a double business of this 
nature, the most promising location for them is 
near a large and flourishing ironmongery ecmeern 
without workshop facilities. Then, by pushing 
the working department for all it is worth, they 
may without difficulty alienate a good deal 
of the custom of the older f*stablishment, as 
they have a powerful weapon of competition 
which the other has not at command. 

Working Departments. Many con- 
siderations influonoo the nature of the wprk 
to be undertaken by the ironmonger. At the 
initiation of the enterprise the scope cannot 
usually be very wide. It is always well to have 
a main working department upon which others 
may grow with expanding trade as the need arises. 
Tinsmithing is a very frequent mainstay of an 
ironmonger's workshop. It has this merit^ — that 
slack times e^in always be employed in making 
for stock, and whatever may be the principal 
workshop output, it is always well to select 
something which can be made for stock. Such 
a practice has in it the germs of development 
into an important manufactory. Many huge 
manufaciunng concerns throughout the oountiy 
have grown from small beginnings in an iron- 
monger’s workshop. 

OUier possible workshop dep^tments include 
domeetio engineering, the repair of agricultural 
Implements, agricultural engineering, smith work 


of various classes, sheet-metal work, elec- 
trical en^eering, plumbing, foundry work, 
cycle and motor repairing. Many of these 
departments are considered in separate articles 
of this course, and it were idle repetition t<\enter 
into details of all of them here. 

Text-book Aidn. There are gome text- 
books which the ironmonger will find useful guides 
in his workshop practice. The best practical 
handbook covering general work is ^'Tne Iron- 
monger’s Workshop,” the 5s. volume recently 
published by “The Ironmonger,” of 42, Cannon 
Street, London, !B.C. ; and for the list of separate 
t(*xt- books devoted to specific branches the 
following may be recommended : 

“Metal Plato Work,” byC. T. Millis, M.I.M.E. 
(E. & F. N. SiK)n, Ltd.), 9s.; “The Sheet 
Mental Worker’s Instructor,” by Warn & 
Homer (Crosby Lockwood & Son, 7, Stationers’ 
Hall Court, fe.C.), 8s. ; “ Warming Buildings 
by Hot Water,” by Frederick Dye (E. & F. N. 
Spon, Ltd.), Ss. fid. ; “Practical Electric Bell 
Fitting,” by F. C. Allsop (E. & F. N. Spon, 
Ltd), .‘Is. fid.; “Telephones: their Construc- 
tion and Fitting,” by the same Author (E. k 
F. N. Spon, Ltd.), .Ss. fid. ; “ Wiring for Electric 
J..ight,” by (>*. Metcalfe (Harper & Bros.), 
.5s. fid. ; “ Lighting by Acetylene,” by Frederick 
Dye (E. & F. N. Spon. Ltd.), Gs. ; “Ex- 
ternal Plumber Work,” by John W. Hart 
(Scott, Greenwood & Co.), 7fl. fid. ; “ Practical 
Sanitary Engineering,” by Francis Wood (C. 
Griffin k Co., Ltd.), Ss. fid. ; “Construction and 
Working of Pumps,” by G. C. R. Marks (J. 
Hey wood), .^s. fid. ; “ Hydraulic Rams,” by 
J. W. Clarke (B. T. Batsford), 28. fid. ; and ‘ 
“Modern Foundry Practice,” by John Sharp (J5. 
k F. N. Spon, Ltd.), 218. 

Workshop Economy. It is the inten- 
tion, of course, that the workshop should be 
carried on at a profit. Though it may be made 
the most remunerative department in the 
^hole business, it is the department in which 
money may most easily be lost. The lack 
of a good system of checking and pricing all 
work, and of scTing that every half-hour spent 
upon a job and every item of material are 
charged for in the final bill, often diminish 
the workshop profit considerably, sometimes 
even wiping it out altogether. Workmen 
need watching. So many bad and indifferent 
workmc»n are available that good workmen 
once engaged should be retained even at some 
ineonvenienoe when business scarcely warrants 
retaining them. It is then that the value of 
making goods for stock comes to be appreciated. 

Wontshop accounts demand care. The filling 
in of the details of material on a job riiould be 
carofully verified, and only someone absolutely 
trustworthy and accurate ^ouid be trusted with 
this work. -The omission to charge a half pound 
of solder on a job may seem a small matter, 
but if repeated half-a-dozen times a day for 300 
days in the year means a loss of £40 a year. 
Cairoful checking by a system, even if it cost the 
wages of a man somewhat more expensive than 
an ordinary workman, is always a wise economy. 
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vire. When the handle of the key is depressed 
the discharge contact is broken, and instead the 
heel of the k^ makes a contact with the charging 
circuit, so that the battery can charge the sheet 
of glass. With this arrangement there will be 
observed in the galvanometer [G] a momentary 
movement of the needle, indicating a rush of 
current during charge, followed, when the key 
is released, by another movement of the ne<*dle 
in the opposite direction, indicating the rush of 
the current back, during discharge* It will be 
found that these two rushes of current are 
equal. 

Condensers. Any such arrangement of a 
layer of non-conducting material such as glass 
Ix'tween two conducting coatings of metal is 
called a conderwer, because it is thus able to 
condenw el(*ctrie charges upon its surfaces. 
If, in the experiment described, a sheet of glass 
has lieen taken that is small, only small quantities 
of electric charges can he cond<*nBed upon it, 
and the effects it produces will be sniallj Unless 
a battery of 40 or 50 cells hi* available, the 
galvanometx*r will scarcely detect any effect 
unless the shei't of glass has an available surface 
of .5(K) sq. in. or so. 

The term rapacity is used to indicate the 
electrical magnitude of a cond(*nser. It is found 
by experiment that the capacity of a condenser 
depends upon three things: (1) its surface, 
(2) its thinness, and (11) its material. The 
capacity of a condenser is directly proportional 
to its surface ; other things being equal, a 
condenser that has an area of 1,000 sq. in. on 
(W*h of its surfaces has twice the capacity of a 
condenser that has only 5(KI Also, a condenser 
made of a non-conducting sheet that is in. 
thick will have double the capacity of one of 
the same area and material that is I in. thick ; 
for the thinner the layer (so long as it is not .so 
thin as to In* pierced mechanically by a spark) 
the more powerfully does it p<^rmii the con- 
densing actum to go on. Lastly, the different 
kinds of non-conduct mg material have each their 
own Hpec'itic quality ; thus a mica plate has a 
greater capacity than a glass plate of equal siz<* 
and thickness. 


L Jl 


Large Capacity Condenaera. In order 
to obtain condensers of large capacity it is 
net'cssary to use more than one shf^et. For 
examnle, if we have 50 sheeU of thin mica, each 
6 in. long and 4 m. wide, we may arr itige th<*m 
to make one ('ondenser having a large surfaci* 
by piling them up on one another with tin-foil 
shei'tfl between them in the following way. The 
tin-foil shwts 
are cut in the 
shape shown in 
220, each with a 
projecting lug. 
of such a size as 
to leave a mar- 
gin aQ round ex- 
cept where the 220 

lujg; projects. One of these is laid down on a table 
with its lug towank the right, and a sheet of 
mica placea over it. On the mica is laid a 
second sheet, with its tug projecting towards the 
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left ; then another piece of mica ; then a third 
tin-foil with its lug to the right ; then another 
piece of mica, followed by a fourth tin-foil with 
its lug to the left ; and so on with the whole 
scries, alternate lum projecting to right and to 
left. When complete, the pile is cl&mped 
together securely, and all the lugs of odd number 
an* joined together to make one terminal, while 
all those of even number are clamped together 
to make the other terminal of the condenser. 

Dielectric Capacity of Materials, 
Faraday made a number of condensers of different 
materials, but all of the same size, to see whether 
they had equal capacities. One of these con- 
tained only air between the two metal surfaces, 
and as this was found to have a smaller capacity 
than the others air was taken as the unit for 
comparison of one dielectric with another. 
Faraday gave the name of dielectric to any 
material which will thus act as a condenser, 
meaning by the term that electricity can act 
inductively across the material, though no 
electricity passes through it. All dielectrics are 
non-conductors, but two different non-con- 
ductors that are equally effective as mere non- 
conductors may differ considerably in specific 
dielectric capacity. Air being then taken as the 
unit, the dielectric capacity of other materials 
run from wax, which is about 2, indianibber and 
gutta-percha, which are about 2J, and gloss, 
which varies from 2^ to 3J, up to 5 or 6 for 
mica. Glass is too brittle for most purposes, 
and air will not do, becausi* it is too easily pierced 
by a spark, l)e8ides affording no mechanical 
support to the metal conductors. Mica has two 
advantages, in that it can be split very thin and 
yt‘t remain strong, and that its specific dielectric 
power is high. But large sheets of it are expen- 
sive. If strong tissue paper, resembling bank- 
notes paper, be thoroughly dried and impregnated 
with pure melted paraffin wax it forms sheets 
that arc excellent for condensers, and to which 
the necessary tinfoil coatings adhere readily. 
The condenst'rs used in submarine cable service 
are usually made of paraffined paper. 

Charge in Relation to Capacity. 

A charge being a quantity of electricity, the 
amount of it cun be expressed in covlombs. The 
amount of charge that can be condensed in a 
condenser depends on two things-~(l) on the 
capacity of the eondc*nser ; and (2) on the volt- 
age used to drive the electricity into the eon- 
d -user. Suppose we had a condenser of such a 
Hiz' that on applying an electromotive force of 
1 eoft, the quantity of charge that ran into the 
rondenstir at one side (as an equal quantity ran 
out of the other fade) was one coulomb, then we 
should describe that condenser as having a 
eap^ity of one farad. But such a condenser would 
be impossibly large and expensive, and the 
practical standard of capacity is a condenser of 
only one-millionth part of the capacity named, 
and such a standard is describ^ as having 
1 microfarad of capacity. The quantity of elec- 
tricity that runs in or out of a condenser can 
then be calculated by multiplying together the 
number that tepresento the capacity in micro- 
faradc and the number that represents the volt- 
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ago of the battery, and then dividing the pro- 
duct by 1,000,000. ThuB, if a battery of 120 
voUs be applied to a oondeneer having a capacity 
of 1*6 microfarads^ the charge will be 120 x 1*5 h- 
1,000,000 = 0*000180 coulombs. 

Grouping of Condensers. Just as it 
is convenient in diagrams to use symbols for 
mmmmmmm battcrics aod for galvano- 

— meters, so it is also useful to 

9rm»oi <H usc a symbol for a condenser. 

221 This symbol [221] consists 

of lines drawn in such a way 
as to suggest the sheets of metal foil scparattHl 
by a non-conducting sptu*c or layer. 

Accordingly, two condensers in ^taralhi with 
one another would l)e represented by 222, in 
which the two -I- terminals t)f 
the two condensers arc joined, 
and the two - IfTtninals an' 
also joined together, making 
virtually one large condenser. 

If, for example, on<' had a 
capa<‘ity of 3 microfarads and 222 
the other 2 microfarads, the two 
in parallel would have a capacity of 6 microfarads. 

Fig. 228 reprcscMits two condtuisci-h joimnl in 
Mcrirs, or, os it is sonie- 
tim<*s (‘ailed, in cascade. 

In this case the combina- 
tion will act like a con- 
dcns(*r of smaller capacity 223 

than either of them sep- 
arately, for wc have increased the t<»tal thick- 
ness in the amount of di(*lcctric interjiosed across 
the circuit without adding to the an'a of eitlu'r 
condenser. The equivalent capacity of tin* 
combination can b<‘ found by calculating the 
rwiprocal of tin* sum of the recipns'als of the 
separate capiu'ities. Thus, if tin* separatt* 
capa(‘iti<‘s of th<* two condenst'rs are 2 and 3 
microfarads, the joint capacity will be 1 i 
(J 1) 1* microjarnds. 

The Lreyden Jar. It isinorcthan aliundn‘d 
years sinc’c the property of condf iisci-s was dis- 
covered, and the form which the apparatus re- 
eeiv(*d was that of a glass bottle or jar, coated 
inside and outside with a conducting coating. 
The very first l^yden jar with which electric 
shocks were obtaim^d was a glass phial partly 
filled w'ith water, while the moist shin of the 
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hand which held it formed the outer coating. 
Later, th(«e jars were made up in thf* form shown 
in 224, having inside each for convenience a 
metal rod, which passed down into the interior 
to touch the inner coating, and w'hich was 
terminated at the top in a polished brass ball. 


In old davs these jars were charged by 
means of a friction tnachine, the sparks from 
w^hich were sent into the brass knob, whih* 
the outer coating was connected to the earth. 
Such a jar cannot Ik' charged if it stands on an 
insulating stand— for, as w’c have seen, in the 
a<*t of charging as much dwtricity runs out of 
one coating os runs into Uu' otfuT. When a 
l.*f'ydcn jar (or other condenser) has Ihhmi 
charged, it can Ik* discharged by connecting a 
conductor, such as a bent piece of w'ire, from 
the one coating to the other — that is, from the 
outer tin-foil to the knob. Tlu‘ instant that this 
is done the surplus from one surface rushes round 
to fill up the deficit at the other surface, there 
is a bright snafiping spark, and the jar is dis- 
charged. If this discharge takes place through the 
human body a vtwy unpleasant sluwk is the nwult. 

Seat of the Charge. It was stated abovt' 
that the H<*at of the electric charge is at the sur- 
face of the glass or other dielectric. The shw't- 
metal (‘oatings an*, in fact, m(*re conductors or 
(‘U'ctrodcs that enable tlu* electricity to flow’ to 
or from tlu* surface w’hcrcon it is to rest ns a 
(‘htirge. This is easily ])rovcd by taking a glass 
sheet and charging it i>y means oi two loose slu'cts 
of tin-foil. If these an' then ciucfully removed 
separately in such a way as not to make a circuit 
between tlu*m, it is found that they arc not 
(*lcctrifi(*d. But if they an' n*plat*cd, or if two 
other pii*c(*H of foil an' placi'd upon the surfaces 
of tiu' ghuH Hh(*('t, it will be* found that the slu'i't 
will th(*n give a spark when it is dincharged. 

Benjamin Franklin devised a dissect ihh' Leyden 
jar, the nu'tal covers of which could ho taken 
off. With this he demoiiHtrHt4‘<l that the charges 
rcsidf* on the glass, not on tlu' metal coatings. 

Energy of the Charge. It will, then'- 
fore, ap|x*ar that tlu* cond(*nK(»r d(M*H not really 
store any electricity, seeing that when being 
chargi'd as much (*lcc1ricity runs away at the 
negative' side as enters at tlu* positive side. 
That which is stored in tlu* rondcns(‘r or ls*yd(*ii 
jar is not electricity, hut ciu'igy. Work has to ha 
done in tlu* proc'css of charging, just lui work has 
to he done upon a spring in tlu* act of bending it. 
In the condenser os long as it n niains (hiirgcd, 
or in tlu* spring as long as it n*niains b(‘nt, the 
work that has lH*cn done is ston'd up as pot(*ntiaI 
energy, and aft-erwards that energy can la* given 
out again. Tlu* cnnd(*nscr during discharga gives 
UK hack tlu* electric energy that nianif<*sts itself 
by spark or sbock. The Iwnt spring during its 
recoil gives us biwk its energy as a visihh* 
motion. The energy given to the spring in IsTidiiig 
it is i‘<|ual to Uic product fit the average bending 
force multiplied by the cliKtaiuc through which 
the spring hiis been lM*nt at the place w'hcre the 
force is applied, This average font* is c(|ual to 
half the maximum fonx* ; henc<*, if / stands for 
the force and d for the displacement, the energy 
will Is* proportjonal to half d /. Kimilarly with 
the condenser: If Q represent the amount of 
electricity that has Is'cn displaced in or out 
during the charging, and V the electromotive' 
force used in the charging, the energy of tfie 
charge will be represent'd ny i Q V. 
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CENTRAL & SOUTHERN AFRICA 

The Congo and Zambesi Basms. British Central Africa Protectorate. Portu- 
guese East Africa. British South Africa. Cape to Cairo Railway. Ishmds 


By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


I AKE CHAD lies in a dopression sur- 
^ rounded by higher ground, bo that it 
has no outlet to tlio Bea. It is a phallow, 
marshy lake, studded with many islands, and 
varies considerably in size in the wet and 
dry seasons. 

The Cameroon# and French Congo. 

Between the Niger and the Congo lie the 
German colony of the Camoroons and French 
(yongo. The former rises from the steamy, 
swampy, mangrove-fringed, coastal plain to 
the grassy terraces of the plateau, reaching 
12,500 ft. in the volcanic Cameroons Peak. I'he 
forests produce oil palms, rubber, kola nuts, 
ebony, etc. French Congo, which is broadly 
similar, extends north to the Sa.hara between 
Lake Chad and the frontiers of the Egyptian 
Hudan, and is continuous with the other African 
possessions of France. 

The River Congo. The basin of the Congo 
(3,000 miles) occupies most of equatorial Africa 
[180]. Flowing through one of the rainiest 
regions in the world, the volume of water 
carried down to tlie sea by the main stream 
and its innumerable tributaries is enormous. 


The Congo rises as the Chambesi in the 
mountains south of Lake Tangan3dka, and is 
already a great river when it enters the swam^ 
of Lake Bangweolo, from which it issues as we 
Luapula, a river as vide as the Thames at 
Ixmdon. It now begins to descend, faUing 
1.200 ft. before it reaches Lake Moero. Still 
descending rapidly after issuing from that 
lake it receives the great Lualaba from the 
south. Not far below the confluence the 
Lukuga enters on the right, bringing down at 
certain seasons the surplus waters of Lake 
Tanganyika, the long, narrow rift valley lake 
to the east, lying nearly 3,000 ft. above the 
sea, in a deep chasm shut in by forested moun- 
tains. At Nyangwe, less than half-way to the 
sea, the C*ongo, which has received innumerable 
tributarie® from the mountains, forests and 
lakes of the surrounding region, is a mile broad 
and still descending rapidly. Almost on the 
equator it forms Stanley Falls, a series of seven 
cataracts with open water between, extending 
over a distance of 56 miles. The Aruwimi, 
which has risen quite near the Nile, comes in 
from the oast, flowmg through densely forested 
country. Between the Aru- 
wimi and the Welle, which 
rises near it, the country is 
inhabited by agricultural 
tribes, who have many 
villages in the forest clear- 
ings, surrounded by plan- 
tations of maize, banana, 
millet, tobacco, etc. The 
mam stream is now enor- 
mous in breadth and volume, 
often breaking up into 
parallel channels, which ex- 
tend over several miles of 
country. In some maps this 
part of its course is shown 
as a long, narrow lake. 

Forest Scenery of 
the Congo. Sir H. M. 
Stanley has vividly de- 
scribed the dense equatorial 
forest through which this 
network of rivers flows. 

Some of the islands seem 
to be aflame with crimson 
colouring, while the purple 
of the iponuea and the gold 
and white of the jasmine 
dififuse a sweet fragrance. 
These islands are not mere 
things of heauty ; the tall 
palms are perpetual foun- 
tains of sweet juice which, 
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181. THE BASIN OP THE ZAMBESI 


\?hen effervescing, afford de- 
light to man. The golden 
nuts of other trees furnish 
rich yellow fat, good enough 
for the kitchen of an epicure. 

The Tengths of calamus are 
useful f^T flooring and 
verandah mats, for sim 
screens on river voyages, for 
fish nets and traps, for fit'ld 
baskets, market hampers, 
and t’epecially for the con- 
struction of neat, strong 
houses and fancy lattice 
work. That pale white 
blossom is the caoutchouc. 

For the enterprising trader 
there is a ficus, with fleshy 
gret»n leaves. Its bark is 
good for cloth, and its soft, 
spongy fibre will he used in 
tne future for paper. LcK)k 
at the various ))alms crowd- 
ing on each other. Their 
fibres, pre|)arcd by the dex- 
terous natives, will make 
the stoutest hawsers, the 
strength of which no fibre 
can match. Se<» that soft pale-green moss drap- 
ing those tree tops ; that is the orchillu, from 
which a valuable dye is extracted. I nc(»d not 
Hjreak of tlu' woods, for the tall, dark forest on 
bank and ish's seems to have no end.’' 

The Lower Congo. Below Equatorville 
comes in the Welle, through similar formt 
country. The river gathers into a single 
narrower, dee|:K*r stream, and then widens out 
to the lak(‘ of Stanley Pool, shut in by whiti' 
cliffs known as Dover Cliffs. 

At the lower end of Stanley Pool, 1,1 (K) ft. 
above the sea, the (3ongo begins its final 
rush down the last terrac(*8 of the plateau 
to the coastal plain. “It first precipitates 
itself with awful force doAMi a five-mile 
slope, a succession of leaping waves, which 
from crest to crest might be about 3(K) ft. 
apart ; then through a series of mad rapids, 
separated by short stretches of suift but steady 
flow, it is confined for 75 miles hy tin* tow<Tirig 
rock barriers of a cafion from 300 to (500 ft. 
lielow the level of the opposing sum in its of 
the cleft land ; then for SS miles it is t^ilerabl^ 
safe for navigation ; them comes another (Kf- 
mile rush, roaring cataracts aiteniating with 
noisy rapids, through the det*p, rocky heart 
of the mountains, till finallv the last plunge 
has been made down the Yeflala Falls. A few 
miles lielow it leaves this sinuous and rocky 
gullet a navigable river for 110 miles, and flous 
by factories, villages, and towns to b- presently 
vexed by the churning screws of ocean steamers.^’ 
The current is too strong for tlu* formation of a 
delta, and the Congo enters the sea by a brood 
estuary. 

The Congo Free State. Politically, 
most of this region belongs to the Congo Free 
State (officially entitled the Independ(*nt State of 
the Congo), under Belgian control. Rubber, 


ivory, jmlm oil. and other tropical produce are 
collectcnl by natives and brought to L(m})oldvilU^ 
on Stanley I’ool, the centre of the trade with 
the interior. It is the tiTininus (if a line 25(1 
miles long, built from Matadi, below which the 
river is navigable, to avoid the rapids of the 
Ixiwcr Congo. From Matadi the produce of 
the Free State is forwardcKl to Boma, (50 miles 
from tlu* S(*a, which is in regular steamer com- 
munication with European ports. 

The Zambesi, 'llie Zambesi (1,000 miles) 
is the shortest of the great African rivers fl8l|. 
It rises at a height of nearly 5,(K10 ft. in the Dilolo 
SWA nips, . hich at certain seasons also feed 
affluents of the (Jongo. In its relatively short, 
steep course to tlu^ swi thi^ Zanib*Hi receives 
many trihiitariep, which should he looked out 
on the map. As it cuts its way down the 
ti*rraco8 of the plat<*au it is broken up into 
rapids, narrows, and cataracts, many of im- 
posing b'auty. Between these olist ructions are 
navigable Htr(*tch(5H, where the land is flat and 
the river flows betweem low, n*t*dy hanks, in- 
undating the surrounding country in flood. 
Such is the Barotsc region of the ujirier Zambesi, 
a grass land on which cattle arc? Kept m vast 
numliers. I’he valleys both of the tributaries 
and of the main stream arc skirted on both 
sid(*K by rich forest, and the imiriy islands are 
also riehly wooded. The finest of the many 
gi'and cataracts of the ZHmhe«i ai(» the famous 
Victoria Fails, the grand(*s( in the world. Abive 
the Falls the river is a nohh* stream over a mile 
wide, flowing bctwwri walls of forest. It 
plunges abruptly over a roeky lodge into an 
abyss over 400 ft. deep, with an indescribable 
volume of spray and a thunder of sound. It 
then flows for 40 miles through the narrow, zigzag 
Batoka gorge. Just Wow the Falls the river is 
crossed by the railway line from the Cape*. 

3583 




^eie are navigable stretches of considerable 
length between the Victoria Falls and the last of 
the Zamb^i cataracts, the Kebrabasa Falls. 
Between these and the Lupata Narrows are 
large deposits of coal, which will before long 
be of commercial importance. At the Lupata 
Narrows the river contracts to 1,000 ft., flowing 
in a gorge between high rocky walls richly 
diversified with vegetation. 

North-West and North-East Rhodesia lie to 
the north of the Zambesi, the lower course of 
which is through Portuguese territory. 

The Shire Highlanda. 150 miles from 
the sea the Zambesi receivt'S on its left bank 
its most important though not its largest 
tributary. This is the Shire, from Lake Nyasa, 
another of the deep rift lakes of Central Africa. 
The middle course of the Shire, like that of all 
African rivers from the plateau, is broken by 
falls and rapids, which interrupt navigation 
for 60 miles. It forms an important route* 
from the Indian Ocean to the British Central 
Africa Protectorate and the north-east of North - 
Eastern Rhodesia, British territory which extends 
to the shores of Lake Tanganyika. 

British Central Africa Protectorate. 
The highest parts of the plateau, which rises 
in the south-east to Mount Mlanje, 0,6CK) ft., 
are grass lands. Elsewhere the vegetation is 
tropical in characU*r. All the most valuable 
prciducts of tropical Africa, including rubber and 
the oil palm, are found. The chief crops culti- 
vated by British planters are coffee — a native 
of the region, though the cultivated plant was 
introduced from the Botanical Gardens of 
Edinburgh by Scottish planters— cotton, and 
even wheat. The country, though not very 
healthy, is developing. Steamers run on l.akes 
Nyasa and Tanganyika, The largest setth*- 
mont is Blantyre. The administrative capital 
is Zomba. 

Portuguese East Africa. The lo\ier 
Zambesi, some two or three miles broad, crosses 
Portuguese East Africa, an unhealthy region, 
exporting rubber and other forest produce. 
The delta which liogins IK) miles from the coast, 
is of the usual swampy character, subject to 
periodical floods, and held together by mangroves. 
The Chinde, with a port of the same name*, 
is the only mouth practicable for large steamers. 
North of the delta is the territory of Mozam- 
bique, with a capital of the same name. 
South of the delta is the port of Boira, connected 
by rail with Salisbury and Bulawayo, on the 
Cape to Cairo line in process of construction. 
The busiest commercial town of Portuguese East 
Africa is Lorenzo Marques, on Delagoa Bay. 

Angola and German South » West 
Africa. South of the Congo the rainfall 
decreases rapidly, and the country gradually 
becomes an arid region, similar to that in the 
corresponding latitudes north of the Senegal. 

Angola, a Portugese colony, rises from un- 
healthy coastal lowlands to the plateau, which is 
forested in the north, a savana in the centre, and 
arid in the south. Coffee is largely cultivated 
and exported from Ambriz, S. Paolo de Loanda, 
Benguela and Mossamedea. 


German South-West Africa is an arid region 
of little economic value. The administrative 
centre is Windhoek, to which a line is built 
from Swakopmund near Walfish Bay. 

Britiah South Africa, The rest of .^frica 
south of the Zambesi is British. It con- 
sists of Cape Colony in the south, ^Natal on 
the south-east coast, and inland the Orange 
River Colony, the Transvaal, the Bechuana- 
land Protectorate, Matalieleland, and Mashona- 
land. 

South Africa consists of four well-marked 
regions — (1) A low coastal plain of varying 
w’idth which is narrowest in the south-west, 
where the high rugged edge of the plateau 
comes down to the sea in Table Mountain, 
('ape Agulhas and other spurs. (2) Two 
series of ranges running parallel to the 
south coast, with the Little Karroo between them 
and the Great Karroo, beyond the inner ranges 
of tlu* Zwartebergen. (3) Rising above the 
coastal plain and the Great Karroo the irregular 
margin of the plateau, which from l^elow 
appears as continuous ranges of hills or moun- 
tains. The valleys which })enetrate this margin 
gri>w narrower and steeper as the traveller 
a.seends, and the spurs which enclose them 
Wome more mountainous in character. This 
high, irregular edge of the plateau is called the 
Drakenberg or Quathlamba Mountains in the 
south-east and east. Jta finest scenery is in 
Basutoland, the Switzerland of South Africa, 
Mhere Cape Colony, Natal, and the Orange River 
Colony meet. Here the land rises to 11,000 ft. 
in Mont aux Sources, from which flow the 
rivers Orange, Tiigela, and a tributary of the 
Vaal. The precipitous e^e of tlu* plateau rises 
high above the undulating lowlands of Natal, 
and th(* rivers break their way down in cascades 
himdredb of feet high. (4) The immense interior 
tableland, flat or rolling, and diversified by 
isolated flat or point<*d -topped hills or kopjes. 
It owes such bf'auty os it has to the sharpness 
and line of colour in the clear air, and to the 
wonderful atmospheric effects at dawn and 
sunset. 

South African Rivers, South Africa 
lies in thi* lee of the trade winds in latitudes 
corresponding to those of the Sahara. Its 
eliniat(‘ is consequently very dry. Many rivers 
mark«‘d on the ma|)s are dry except after rain, 
and fail to n»aeh the sea. The longest river, 
the Orange- Voal, from the Mont aux Sources, 
flows w^est to the Atlantic. The short Tugela 
from the same highlands, and the Limpopo,- 
from the Witwateisrand of the Transvaal, 
flow' east to the Indian Ocean. The Limpopo 
and Orange, though extremely shallow in the 
dry seasons, are never waterless, but their tri- 
butaries are often j*educod to a string of pools. 
After rain they become impassable raging torrents 
for a few hours, to disappear almost as quickly. 
Add to this that all are obstructed by rapids in 
their descent from the plateau and flow in steep- 
sided valleys, and it will be seen that the rivers 
have contributed little to the opening up of 
the country. 
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Climate. If South Africa were m broad a« 
North Africa it would be a desert lihe the latter. 
In ^ west, the Kalahari is actually a desert, 
though of less forbidding extent and character 
than the Sahara. Elsewhere the influence of 
the sea counteracts the aridity, and renders the 
rainfall over most of South Africa sufficient for 
stockkeeping ; but the Karroos, shut in by 
mountain rah'ges, are very arid. In the south- 
west of Cape Colony the rain falls in winter, 
as in the Mediterranean, with udiich this part 
may be compared. Natal, like the east generally, 
has summer rains. The north-west is almost 
rainless. Everywhere the question of irrigation 
is important, especially for agriculture. 

The proximity of the ocean reduces the summer 
heat of th<‘ margin**-! lands. Cape Town, in the 
latitude of Gibraltar, is cooler in summer and 
warmer in winter. On the tableland the range 
of temperature for the yt'ar and even for 
the day is great. The nights are cool for the 
greater part of the year. In the northern 
parts of the Transvaal, and in Rhodesia, the 
climate of the valleys is tropical, but the very 
high summer temperatures of the Sahara are 
never exjwrienced. 

Vegetation. The coastal plain is fairly 
well wooded, with small patches of primeval 
forest on the seaward slopes al)ove. The higher 
part of the country is a vast area of grass 
land, passing into divert in the w^est, and into 
tropic^ forest in the valleys descending to the 
limpopo and Zambezi. The few trees are 
thornv acacias or mimosas and eucalyptus trees 
introaucod from Australia and found round most 
of tlie homesteads. AfU^r ram, the Karroos 
and veldt become beautifully green, but with 
prolonged drought the country takes on a 
brown and parched ajjpearancc. The vegeta- 
tion of the Kalahari consists of thorny or 
succulent plants of the usual desert type. 

The flowers of South Africa, and of the Cape 
Peninsula in particular, are extraordinarily 
beautiful. They include many heaths, and some 
of the loveliest ornaments of our conservatories. 

The cultivated plants correspond with those 
of similar regions already described. In the 
areas of Cape Colony with winter rains, all 
Mt^literranean plants are or might be grown. 
Maize, or “ mealies/' is the chief cereal every- 
where in South Africa, but wheat is grown round 
the Cape and in the east of the Orange Colony. 
The production of wine is increasing. In Natal 
we find the products of monsoon lands. Tea is 
grown on the seaward slopes of the northern hills, 
and sugar, bananas, oranges, rice and tobacco 
are also cultivated. Tlie Karroos and veldt are 
too dry for cultivation, exce})t when irrigated, 
and are essentially a pastoral country. 


Minerals. The mineral wealth of South 
Africa is enormous. The diamond mines of 
Kimberle 3 % in Cape Colony, are the richest in 
the world. The deposits of gold in the Witwaters- 
rsnd of the Transvaal are of incalculable value. 
Gold is also abundant in Rhodesia. The useful 
metals will become of more value as that of the 
gold and diamond minea decreases. Coal is 
mmid to some extent in all the cokmies. 


O ccapa tiona. At the present thm the 
mbifn g interest, helped by the introduction of 
indentured Chinese labour, is in the ascendant. 
It must, however, not be foi^tten that mining 
tends ultimately to impoverM a county, not 
to enrich it. In its vast pasture l^nds l^nth 
Africa has a more permanent source of wealth, 
and wool, hair and ostrich feathers may prove 
in the long run of more value than gold or dia- 
monds. 'me veldt and Karroos are at present 
thinly settled, partly because the thinness of tlie 
covering of vegetation makes a great extent of 
pasture necessoiT. The future (3 a^culture is 
bound up with tne question of irrigation. Manu- 
factures hardly exist, and towns are few and 
small relatively to the vast area of the country. 
The chief disadvantages of South Africa are the 
dry climate, the absence of navigable rivers 
and timber, the scourge of locusts and the 
diseases of plants and animals, as well as the 
want of racial unity. 

Peoples. Two kindred European races — 
the English and Dutch, both endowed with 
fine qualities, at present regard each other 
with suspicion. This is least marked in Cape 
Colony, where the mining interest is less prom- 
inent. Opposing economic interests, as every- 
where else, count for more than commimity of 
race. 

The native races of South Africa represent 
well-marked stages of economic development. 
The diminutive Bushmen depend chiefly on 
what Nature offers, and neither keep stock nor 
practise agriculture. The Hottentots are a 
pastoral people. The finest native race is the 
tall Kaffir, of Bantu stock, who possesses animals 
and practises agricultui’e. This race alone is 
likely to escape the destiny by which lower 
races disappear l)efore the advance of the 
higher. 

Cape Colony. This is our oldest South 
African Colony. It is chiefly pastoral, producing 
wool, hair, ostrich feathers, tobacco, and some 
wine and brandy. It has few good natural har- 
bours, and no navigable rivers. Cape Town, the 
capita] and chief port, is magnificently situated 
l>etw(*en mountains and the sea. Simonstown, 
in the vicinity, is a naval station. Port Eliza- 
beth, on Algoa Bay, is built in a bare region, 
surrounded by low hills. East London is the 
port in this colony nearest the Transvaal, to 
which most of its imports go. Grabamstown is 
the chief inUnd centre in the eajst, and Kimberley, 
which owes its prosperity to the diamemd mines, 
in the north. 

Natal. Natal is more diversified in surface 
than Cape Colony, and has a hotter aummer 
climate. The coastal regions are very fertile. 
There is a smaller proportion ol waste land than 
in any other colony. Tea, coffee, bananas, 
and all manner of tropical produce are raised 
near the coast. Stockkeeping is the chief 
occupation up-country. Durban is the port, 
and Pietermaritzburg the capital. North of the 
Tugela. but included in Natal, is Zululand, 
containing some of the finest pasture land in 
South Africa and oonsiderable stores of eoal 
and gold. 
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0»ttie Mirer Colony. 

Him u a gram land, engaged in 
cattle and aheep breeding, with 
agricultural land in the east, and 
mmgnd mines in the south* 
west. ^eonl;|r considerable town 
is Bloemfantem. 

The Trnnarnnl. The 
Transvaal is a grass land, with 
warm valleys opening to the 
Limpopo. l^eseareweU wooded, 
but unhealthy. Little land in 
yet under cultivation, though 
much is well suited to agriculture. 
Stockkeeping is the chief occu- 
pation on the thinly-i^pled 
veldt, where the capital is Pre- 
toria. The mining mterest and 
dense population centres in 
Johannesburg, the largest and 
richest town, the middle of a belt 
of gold mines 50 miles long Ck>al 
is mined at several centres, and 
a rich diamond mine is exploited 
east of Pretoria. 

Rhodaaia, The greater part 
of Southern Rhodesia consists of 
undulating, grassy downs, or <«lse 
low forest knd, sinking to the 
dry Kalahari in the south-west, 
to the Limpopo in the south-east, 
and to the Zambesi in the north. 
Gold-bearing quartz reefs are 
numerous. Coal is mined at 
Wankie on the railway between 
Bulawayo and Victoria Falls. 

The country is less dry than 
that to the south, as it lies in 
the belt of tropical summer rains. 
Below an altitude of 4,000 ft. 
fever is very prevalent. The 
development of the country is 
onl^ beginning. The capital is 
Salisbury and the largest town is 
Bulawayo. 

The Cape to Cairo Rail- 
way. In a country which has 
no navigable rivers, and where 
immense distances must be tra- 
velled through thinly - ptsopled 
and poorly-watered country, the 
construction of railwa 3 r 8 is essen- 
tial to the development of the 
country A line has been built 
from Cape Town to the Zamliesi, 
and will in due time connect 
with the railways of Egypt and 
British East Africa [188j. It 
climbs by the valley of the Hex 
River to the Great Karroo, which 
it crosses to Beaufort West. It 
then ascends to the High Veldt, 
and reaches De Aar Junction, 
whence Inranches run to Port 
Elizabedi, East London, and 
through Bloemfontein and Johan- 
nmlmg to Ptetoria and to 
Durban. Wnm Pretoria a line 
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runs to Loren 90 Marques. Fmm 
De Aar Junction the main line 
oontinues to Kimberly, to Four* 
teen Streams (where the direct 
line to Johannesburg now leaves 
it), to Mafeking, Bulawayo, and 
the Zambesi, and is now open 
to Broken Hill in North*Wo8t 
Rhodesia. From Bulawayo a 
branch goes by Salisbury to Ikira, 
in Portuguese territory. 

African lalanda. The 
French island of Madagascar 
(230,000 sq. miles) is low in the 
west, and gradually rises to a 
plateau which is highest in the 
east and sinks in stoop escarp- 
«ment8 to the low eastern coastal 
plain, with its fringe of lagoons. 
The east has heavy summer rains, 
and is densely forested. The west 
is a much drier savana land. All 
forest uroduots are important, 
especially rubber. Tropical pro- 
duce of various kinds is culti- 
vated on the plateau. The 
western savanas are inhabited 
by pastoral peoples. The mitii^ral 
wealth is very groat. Tamatavo 
is the port, from which a railway 
is being built to Antananarivo, 
the capital, on the plateau. 

Reunion (1,000 sq. miles) is 
also French. It is a beautiful 
volcanic island, richly wooded, 
and grows sugar, vanilla, coffee, 
and cacao on the plantations. 
The capital is St. Denis. 

Mauntius (700 sq. miles), for- 
merly the Isle de Franco, with 
its dopendoncies Rodrigue/, the 
Admiralty Islands, theSoychellos, 
the (WgoB Archipelago, and 
smaller islands, is a British 
po session. Mauritius is a vol- 
canic island fringed with coral 
roofs. JWt Louis, tho capital, in 
the north-wwt, is tho chief har- 
bour, from which a railway runs 
across and almost round tho 
island The sugar-cane is tho 
most important crop, and coco- 
nut palms grow round the coasts 
Two-thiidn of tho inhabit nnts are 
coolies fiom India, but iiognM^s, 
('hinesc, as well as French and 
Fnglish i ettlors, live on tho island. 

Off the west I'oasi are the 
Azores, Madeira and Caj^ Verde 
Islands belonging to Portugal, 
the Canary Islands, with tho 
fine Peak of Toneriffe, belonging 
to Spain ; and St. Helena and 
Ascension, lielonging to Britain. 
All are volcanic. The Canaries 
and Madeira are famous for their 
fruits, wines, and vegetables. 
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41. NIOHTDRBSS 
CUT IN ONE 


CIG. 41 illustrates a French nightdress pattern, 
cut all in one, which is particularly com- 
fortable for flannel, as it fits somewhat closely 
at the back. This shape can easily be evolved 
from a bodice drafting. 

The centre-front is placed to the selvedge, so 
that there is a seam at front and back. A piece 
will have to be joined on at the 
lower part to make the necessary 
width. The neck can be 
finished off with a collar, or 
in any way preferred, 
whilst the sleeve can be 
the same as tlic fore- 
going. Tills pattern 
also forms an ad- 
mirable one for a 
simple dressing-gown. 

I^tly, we nave that known 
as the “ djibeh ” shape, one of 
the later novelties, the idea 
of which was taken from the 
Turkish djibeh, which has no 
fastening, the garment being slipped on over 
the head [42]. This style, however, always 
requires a quantity of embroidery on the front, 
the back always being plain. Fig. 48 gives 
an idea of the shape. 

A to B is half entire chest measure ; 
this pattern requires to be fairly roomy 
across the chest. A to C, half neck 
measure ; A to D, one-third of same. 

The back neck is sloped down about 
1 in. ; C to E about 5 in,, for shoulder ; 

B to F, 8 in. Curve from E to F for 
front armhole. D to H, length of front ; 

H to I, 28 in. for front lower edge. Slope 
and cut as shown, making back 2 in. 
less than front. The sides can be sloped out 
more' if requin*d. 

The shoulder can be placed to the fold or 
tucked to back. The eage, of course, must be 
embroidered and the neck drawn in by means of 
ribbon passed through buttonholed slots, as 
marked in the diagram. 

The sleeves should be cut rather wider at 
the wrist than the usual shape, and they are 
finished off and drawn up in the same way 
as the neck part. 

For the drafting of an Empire yoke the worker 
should refer to Tailobino, cutting this, however, 
a little shorter. 

For a nightdress of average size, 5 yd. to 
6 yd. of 36-in. material must be allow^. 

Cmnlsoltfs* The shape, style, and making 
of the camisole, or underbodice, are legion, but 
all with the exception of 46 are based on the 
bodice pattern, which may be utilised with 



one, two, or more side pieces and darts. The 
various portions are usually joined by a flat seam 
stitched at each edge, but in the more expensive 
and elaborate bodices the seams are united by 
veining or beading. 

Fig. 44 depicts a bodice of fine cambric in 
which all the seams are whipped and united in 
the mEumer above-mentioned, which has a very 
charming effect, but which should not be 
attempted by indifferent workers, as it is so * 
ea^ to get the pattern out of shape. 

Fig. 45 gives an American shape, the charm 
of which is that it requires no fastenings. It 
can be cut from the bodice pattern, as shown by 
the broken line, the front being extended from 
the shoulder into a point at the waist, this point 
deptmding on the size of waist, as it only needs 
to extend beyond the imder-arm scam. The 
making of this corset-cover is a very simple 
matter, and the t rimming can be ad ded according 
to taste. 

Fig. 46 illustrates a drafting of a bodice cut all 
in one, in which the front seam comes on the 
cross. This, however, is a pattern better suited 
to slight than stout figures. It is made with or 
without an added basque, as preferred. For the 
drafting, take a piece of paper IJ times the 
length of back, and wider than half of 
chest measurement, and fold it in half. 
Divide length into three parts, mark 
them respectively A, B, and C, and rule 
lines at right angles. C to D, q^rter 
of waist measure ; B to E, halt chest 
measure. Rule a lino from D through 
E to F. Fold paper at this line and 
mark G exactly under A. Open out 
again, draw a line from F to G, and 
mark A to H one-sixth of neck. Curve 
dovn J in. for back neck. 

G to J, quarter of neck measure ; draw line 
from H to J. B to I, half chest ; draw line from 
G to I. G to K, quarter of neck ; curve from 
J to K for front neck. Extend 
I to L for length of front ; 
measure C to L, half of waist, 
and finish front. is midway 
between C— L and D. Curve as 
riiown by the broken line. 

J to P, 4 in. to 6 in., as 
required for length of dioiflder. 

H to 0, the same. Lower the 
latter, raise the former ^ in., 
and draw shoulder lines. M to 
N, lezL^ of underarm; curve 
from 0 and P to the point for 
armhole, as shown, hoUowmg out 
front a little more thAn ba^ 

For the baaque, see Knickers 
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48. DJIBEH 
DBAFIINO 







portion of bodice just drafted, makwig it a little 
larger. If tooks be required, extend fionts from 
K to L, tbe needed amount 

deeTe can be any ahape deeired. 

Ifany camisoleB are made with full or tucked 
fronts, without darts, and for evening wear the 
ahouMer straps are either of insertion and lace 
or ribbcm, whilst very daintjr oorset-oovers have 
been made from two hemstitched pockethand- 
kerchiefe. These, however, are all fancy affairs, 
which the maker can easily evolve from a 
design or imagination. 

Embroidery now forms, in many cases, the 
sole decorative finish of the more elaborate 
•camisoles, the fronts being ornamented in some 
pretty design worked in satin stitch, and the 
edge in buttonholed scollops, small slots being 
worked at intervals to pass the ribbon throuj * 
For such bodices, fine linen is generally 

Transparent insertions arrange in ' 
with ana without tucked centres, 
also form an important part of 
fine trimmed underwear. Tlie 
insertion must first be tacked on 
the garment in the required 
design, care being taken to keep 
the two sides exactly even, and 
to tack it fairly closely at each 
edge. Various stitches and 
methods are employed in the 
working of such trimming, so no 
hard-and-fast rule can be given. 

In Uie cheaper forms the insertion 
is merely stitched at each edge, and 
then cut away on the wrong side. 

This, however, is not satisfactory 
for fine goods, as the edges soon 
pull and fray away from Uie inser- 
tion and quite spoil the look of 
the garment. 

V^en the insertion is tacked on 
the right side, cut the material 
throuj the centre of the design on 
the wrong side (using short, blunt- 
pointed scissors), snipping well any 
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44. CAMISOLE WITH VEINED SEAMS 

Irish work the two edges are sewn together by 
moans of satin stitch, forming a raised edge, and 
then cut away afterwuds. Again, some 
workers buttonhole the edges of insertion 
to material, whilst others unite the two by 
a stitch somewhat similar to that in the 
(lerman seam, and others whip the 
edges on the wrong side. The method, 
however, is not iniuortont, pro- 
vided the result w neat and 
strong, and the above directions 
give as good a result as any. 
ITsc very fine embroidery cotton 
or Harris’s lace thread. No. 80 or 
100, the latter being excellent for 
the purpose. Fig. 47 shows the 
method above-described for trans- 
parent insertions : (a) the insertion 
sewn on and material cut through 
on wrong side ; (b) the insertion 
sewn on and edges noatened. 

From I yd. (or less) to IJ yd. of 
30-in. material is usually required 
for a corst't-coviT. 

Petticontn. As the majority 
of petticoats ore now cut on the 
linos of a good skirt, l>eing either 


in embroidery, then turn down the 
out portion to the edge of the insertion on the 
wrong side, and oversew firmly and very closely 
together on the right side. In some of the 


. . _ . 3 or r> piece affairs, wo have only 

curves to^make^ these set^ well, as 46. UNDERBODira in one includwl the drafting of a plain 

gored one intended for fiannol, but 
\hich can 1)C easily lengthened or have a 
fiounce added for an underskirt. 

Front Width. A to B, one-sixth of waist ; 
A to C, in. ; C to T), length, plus 4 in. (giving 
two tucks 1 in. deep) for tucks and 2 in. for h(*m ; 
B to E, I in. more than C to T). 

Hide Gore. A to B, half of waist, less 2 in. ; 
A C, one-twelfth of waist measure ; (’ to 1) 
oorre^nds with B to E of front width, and 
B to E the same 

Back Gore. A to B, half of waist, plus I in. ; 
C to D and B to £ are the same as in the pre- 
eexiing gores [48]. 

Yoke Band. Hee Diagram 80, making it, 
however, a little more pointed in front. 

This petticoat, if made of flannel, must have 
the seams herringboned, whilst the lower edge 
can be festooned [81], or it can be finished off 
with a lace or scollop^ frill, or one composed of 
laoe and ribbon. 
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47. marsFARXNT tNaxBnoN 




jPor the dfifting of othflr goced ddxtB» flee 
]>BS88iiAKnra, ate for Uie ahiped floonoe, if 
UuB be deflired 
Princess Pattern* 

Tfajfl can be drafted from a 
bodice and skirt, but full 
directions for the drafting 
of a Princess dress are given 
in TAiXiOBiNG, which can be 
^jrfi fiyi for a petticoat— 

also diorter and less fu^. 

Many jupons are now made 
with top of closely - fitting 
material and removable flounces, the latter 
being secured to the foundation by buttons and 
buttonholes, or by ribbon passed through slots 
in both flounces and foundation. 

For the slots, see Childbek's 
Clothing. 

Fig 40 illustrates the method 
of finishing off the waist part 
and placket-opening of an ordi- 
nary petticoat. The strip for 
neatiming the waist must be cut i 
on the cross to set well. In some ' 
oases, this is piped to make it 
stronger, but the cord must be 
very fine or it will make a ridge. 

The average quantities for petticoats are 3 yd. 
of flannel, and 4 yd. to 6 yd. of 30-in. goods for an 
underskirt, with one or two plain frills, but an 
elaboraU* silk one will need 
7 yd. to 9 yd. In calculating 
for such |iettiooats, the neces- 
sary quantities of which vary 
very much, it may be some 
guide to reckon 3 yds, of 
30-in. mati^rial for the upiier 
part, and then add on what 
may lx* required for the 
flounces. Directions for cal- 
culating the quantities were 
given in Dbessmakino. 

Bed-room Wear and 
N egligoea* Under this head- 
ing wo may include dressing 
and bed jackets, and various styles of morning 
and dressing gowns. 

As in aU other classes of garments, the shape 
and varietjr is infinite, and it would 
be impossible to deal with all, but 
the student who has followed the 
course should be able to construct 
any design she wishes by the aid of , 
the diagrams given aim a bodice 4 
pattern. 

As the dressing-gown with a 
Watteau pleat at h^k is always 
more or less a popular shape, we 
have selected this as an example. 

No. 60 gives the diagram, which, 51. watteau 
as will be seen from the broken flbat 
lines, is out from the bodice 
pattern, the pleat being added at the back, as 
well as the required len^ from the waist The 
broken lines and crosses indicate the portions 
which are not to be cut out 
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OOBED FLANNEL PETTICOAT 



WAISTBAND OP PETTICOAT 



60. WITTE \U DRE&.S1NO-UOWN 



The sleeves, of course, can be made of the 
prevailing diape, and if a double-breasted gar* 
ment be desired, extend the 
right front as much as may 
be liked beyond the fold of 
centre, which should be 
carefully markeot 
The Watteau pleat should 
have the two edges care- 
fully seamed up on the 
wrong side, opened and 
preasM, and then be turned 
inside out like a bag, and 
pressed with the seam 
even with the centre fold. 

No. 51 shows the pleat made and ready to bo 
secured to the back neck, as shown by the two 
crosses, when it will be sewn in 
with the neck-band or collar. It 
should be drawn a shade tight, 
t.e., not allowed to hang sl^k, 
which will keep the pleat out well 
in the shape at the lower part ; 
but, of course, it must not drag in 
any way. For such a gown, 4 yd. 
to 5 y^ of 44-in. gex^ will be 
needed, without turnings. 

A yoke dressing-gown can be 
cut on similar lines to the night- 
dn*H8 shown in Diagram 40, allowong, of course, 
extra fulness at front and back, and sloping 
out the side seams. The neck of yoke may be 
rounded if wnshed, or it may, 
of course, be made in points 
style, whilst for the cutting of 
an American yoke full dim- 
tions were given in Dress- 
making. 

A “ Kimono ’* shape can 
be evolved from No. 60 by 
making the fronts a little 
wider and sloping off from 
the shoulder to about the 
I waist part. The back may be 
shaped slightly, but the gar- 
ment beloved in the Ijand 
of the Rising Hun is innocent 
of any shaping and fulness. 

Tea-gowns. The tea-gown forms a class 
in which elaboration and trimmings have 
quite put into the shade its 
original idea and meaning of a 
simple, loosely-fitting robe to be 
donned in the intiimBMy of one’s 
private circle. 

The Empire yoke and style 
makes up very charmingly for Boch 
gowns, and is capable of much 
ornamentation. For the drafting 
of an Empire yoke or bodice see 
Tailobino, where full directions 
are given. The ridrt port may also 
be cut aa th^e shown, on 

the length and fukieaB reqnireS. 

If the akirt part be preferred gathered 
at the top, all that is neoeaaary k to 
add acme inchea more at oentre back and 
front. 


Thin tMb will fonii an excipptionally graoeful 
g o wn with the neok part finished off with a fiohu 
ol soft silk, net, laoe or muslin, and 
iriUe^ elbow sleeves, whilst one or 
more frills could finish off the skirt 
edge. For other and more elaborate 
styles, the worker should consult the 
current fo^on papers. 

Drensing Jncketn. Here again the 
variety in make and st^le is infinite, but 
the majority of dressing jackets are 
made either in saoque or yoke form. 
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the case of invalids. I! necessary, the jacket 
need not be joined at the * underseams, 
but only at the armholes to the 
neok, so that it can bo slipped 
round the shoulders and fastened by 
buttons and buttonholes or ribbons, 
the sleeves being drawn up like 
those of the **djiTOh’' style, or left 
loose [54]. 

The broken linos show the varia- 
tion in this pattern from the ordinary 
shape, so that it could be cut like 


with or without collars, as preferred, 68. combing wrap the other garments from a bodice 


and these, we think, the worker will 
be able to manage for herself witli the aid 
of the preceding diagrams and explanations 
We have, however, in 62 selec'ted 
a combing wrap of charming simplicity 
of make and arrangement, capable of 
being made into either a fascinating 
shoiddor covering and adornment, or 
as an addition to the wardrobe for 
indoor wear. 

As will be seen, it consists of three 
parts— front, back, and armhole frill — 
the latter taking the place of sleeves, as 
the sides are open and the garment is 
merely passed over the shoulders [68]. 

For a combing wrap, (*ambric, muslin, or 
flannel can be employe; but for the second- 
named purpose, oriental- 
patterned silk would be the most 
suitable, edged with a fold of 
plain cross-cut silk, satin, or 
velvet. About 2 yd. of 
«3(l-in. material should suffice 
for this wrap, in which there 
arc only two seams and no 
fastenings. 

Diagram 55 gives a drafting 
of a jacket, either for combing 
purposes or for invalid use, 
seams extending to the neck, which makes for 
ease in slipping on, an important matter in 



54. DRESSING 
SAOQUX 



pattern. By following those broken 
outlines the ordinary sacque imapo would U' 
obtained, but for elderly people or invalid use the 
Raglan shape (shown by the firm line) 
is infinitely preferable. The double 
broken lines show the full sleeve sketched ; 
the thick line the plain Raglan sleeve, 
which is better for invalid use. If made 
of cambric, the seams should lie of the 
French variety, but if of fiannel they 
must bo herrmgboned down quite fiat. 
About 2 yd. of .Ifi-in. material will be 
required for this jacket. 

An excellent shape for an invalid night- 
dress is the djibeh *’ shape, made 
to fit closely at the neck and fastened at 
the shoulder, the upm^r part of sleeve level 
with wis being loft open and 
fastened when on by buttons 
and buttonholes, or tapes and 
ribbons. If necessary, one side 
seam could also bo arranged to 
fasten m the same way [42 
and 48]. 

As it has already been pointed 
out, the whole beauty of this 
class of woik dcqnmdK upon the 
fineness and excellence of the 
It is practically impossible for 
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the armhole needlework. 

an indifferent worker to produce dainty and 
attractive lingerie. 

Underdolhtng concluded 
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By CLAYTON BEADLE 

T1EE daintj^ and attractive articles of food 
^ called biscuits, in the form in which they are 
known to-dav, are essentially modem innovations, 
and the industry connectra with their intro> 
dnction and also of the machineiy necessaiy 
for thoir manufacture are essentially English. 

The Blecuit Induetry. The term biacuit, 
spelt in various ways, oan, however, be traced 
DMk for many centuries. The origin of the 
name, according to Gibbon, the historian, has 
reference to the practice of twice baking bread 
in a special manner when it was required for 
veiy long voyages, or for military ciunpaigns. 

The method of baking the goods as inmcated 
by the name has not, however, been preserved 
to any large extent. Some few well-known 
biscuits, notably the ruska of various kinds, 
are still twice baked. The only other instance of 
a double treatment in cooking is in the case of 
cradhnel biscuits, where the material is first boiled 
and then baked. 

Previous to about 1830, biscuits of a certain 
character had been known and were appreciated 
amongst the 41ite of society. These biscuits, 
however, having to be made entirely by hand, 
were comparatively high in price and were 
cons^uently the luxury of the few. The intro- 
duction of machinery, with the consequent 
enormous increase of production, together with 
free import of the raw materials necessary for 
biscuit manufacture, have contributed to the 
popularity and cheapening of tiieso articles of diet. 

Machinery, Biscuit-making machinery is 
in its essence but an application of the old world 
method of mixing flour and other ingredients 
into a dough, rolling it out, cutting it into shapes, 
and baking it. Some modifications have been 
made in the machinery from time to time, 
but p(^lbly in no other industry have fewer 
alterations been made ; in fact, in the works of 
Messrs. Peek, Frean, who have been good 
enough to give us the benefit of their opinion 
on many important points, are many machines 
which have been in continuous use for thirty 
years or more. They are doing as good work 
now as when first introduced, and could not 
be improved upon by any machines of more 
recent make. 

In the dry store-room of a large biscuit works, 
which may be regarded as the starting point, 
certain raw material**, such as eggs, coconuts, 
almonds, raisins, sultanas, and currants, are 
sorted and freed from dirt, stalks, husln, etc. ; to 
some of these we will make detailed reference. 

Eggs, In a large factory some hundreds of tons 
of fggs are used in the course of a year, 100 eggs 
weighing; from 16 lb. to 18 lb. When proper care 
is exercised, each is htoken individually by 
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hand, just as a cook breaks an egg on the side 
of a basin. After each has been examined 
to see that it is quite fresh, the yolk and white 
are thrown togothei into gallon pans. Each 
gallon is then fmther tested by an overseer to 
see that no musty eggs have been overlooked by 
the girls whose work it is to test them. One 
musty eg^ would spoil a whole mixing, hence 
the necessity of examining every egg. The mixed 
white and yoke is then passed trough a sieve 
to remove any particles of ege-shell, etc., into 
a whisk holding two gallons, ^en, after wldsk- 
ing, it is ready for use. The egg-shells are burnt 
as they are useless. Attempts have been made to 
utilise the albumen adhering to the egg-shells, 
but without success, on account of the attached 
dirt contaminating the extracted albumen. 
Such extracted albumen, although unfit for 
human food, might find useful application in 
other directions. When the yolks and whites have 
to be separated, large eggs, such as turkey eggs, 
are, by preference, used. This separation is 
done by hand, exactly as a cook does it — ^namely, 
by breaking the shell and tipping the yolk from 
one shell to another, in such a way as to allow 
the white to run off into a basin. The yolk 
is used for rich cakes, and the white for such 
goods as macaroons, while the whole egg is 
used for ordinary qualities of biscuits. 

MilR. Milk is also used to a vmry large 
extent, and to ensure its absolute purity, every 
delivery is examined by the resident analytical 
chemist. 

Coconut. Coconut from which the oil has 
been extracted before shipment, by means of 
preasure after grinding, arrives at the works 
firmly pressed into wooden tin-lined cases. The 
tigglomerated lumps are broken up and passed 
through automatic shaking sieves of different 
meshes, so as to separate it into three different 
grades of fineness to be used for different kinds of 
biscuits. 

Almonds. Almonds are first filled into a large 
baakot of wire gauze and plunged for five minutes 
into a cauldron of boiling water. After removal 
they are fed on to a travelling belt, which 
carries them to a chute and drops them between 
a pair of rubber rollers, set just the right distance 
apart to squeeze the almonds so as to make them 
jump out of their husks as can be done between 
the finger and thumb. They then pass through 
a pair of wooden rollers to remove those husto 
which have escaped the first pair. The skinned 
almonds then fafl on to a tray, while the husks, 
being comparatively light, are winnowed by 
means of a fan in the opposite direction. The 
a^onds then hand-picked to remove any husk 
still adhering, and then dried at a temperature 






ol 100^ F. The manner of slicing now to be 
emplo^ped will depend upon the purpose lor 
wbioh the almonds are to be used— wfaikher lor 
flavourjpg or for ornamenting cakes, etc. They 
can be^ther cut erossways, lengthwise, or cut 
or split along the seam in the narrow or broad 
way of the iSmond, or merely ground up. The 
cutting machine consistB ol a wheel which 
revolves against fixed knives iMMsing into grooves 
in the wIimI. This wheel is fitted with numerous 
recesses, into which the almonds are fed by hand 
while it revolves. The out almonds drop into 
boxes beneath. When used for confectionery, 
the almonds are not husked, as the presence 
of the husk in the cakes is Itoneficial, giving a 
peculiar and agreeable flavour. Such almonds 
are largely obtained from Majorca and Valencia. 

Sultanas. Sultanas arrive at the works 
pressed together in cakes ; the cakes are 
broken up and the sepaiat^ sultanas mixed 
with a small quantity of dry 
flour. They were formerly 
“ dressed ” in a gause-oovored 
trough, in which two pronged 
stirrers fitted with wooden teeth 
moved to and fro 
opposite directionB. In 
this way the flour and 
stalks, etc., were separ- 
ated from the sultanas, 
and fell throu^ the 
wire bottom and sides 
of the machine. This 
flour was used over and 
over again for fresh 
quantities of fruit, 
until it became too dirty 
for further use. With- 
out admixture with a 
dry substance, such 
as flour, it was not 
possible to remove 
mechanically these 
impurities on 
accotmt of the stickv 
nature of the sul- 
tanas. Ibey were 
then hand-picked 
and sorted to free 
them from any stones which may not have 
been removea in the buskins machine. This 
was done by girls, who passed me sultanas over a 
tray covered with perforated zinc, when any 
stones present were detected by grating on the 
metallic surface. This elaborate process was 
considered necessary to completely cleanse the 
fruit, and to ensure that no gritty matter or 
impurities found their way into the confec- 
tionery. 

Curranta. These come into the works 
in cases, half cases and quarter cases, containing 
i cwi., 56 lb. and 30 lb. respectively. The 
modus operand!, until recently, was to nil them 
into a “ dresser consisting of a slowly revolv- 
ing cylinder covered with fine parallel wires, 
inside which a brush revolved. Hie currants 
travelled down this wire into a second ** dresser,” 
while the stalky which were removed by this 


treatment, fell throng the wire. In the second 
dreaser the currants met with a jet of water, 
whereby they were thorou^y washed and tl^ 
passed on to a rooking sieve which struck the 
surfi^e of water with a peculiar oscillatory 
motion, that caused the currants to travel 
forward, but deposited the stones, which fell 
between the crevices, and the dirt between the 
wire meshes. Hie currants were then dried by 
means of a centrifup^. 

As a simplifloatum of the above, sultanas 
and currants are now washed in the same 
machine. Tlie cleaning is done in a semi- 
circular sieve suspended in a tank of water, 
through which the beaters work baokwarda aii^ 
forwanls and thoroughly remove the dirt ; the 
semicircular sieve is then tipped up and the 
contents dropped into a* centrifuge. 

Flour. Flour as received from the millers 
is “ redressed ” before being used for biscuit 
making [see Miluno, page 3078], as an 
extra precaution. Hie blending of differ- 
ent flours according to requirements is 
done before the redressing,” sometimes 
in large revolving cylinders 
called ” blenders,^* each of 
which holds the contents of 
aliout ten sacks of 
flour. The most 
up-to-date Hour- 
blending machine 
consists of a fixed 
cylinder | 12, 

page 3395 1, round 
the liottom of 
which a revolving 
knife moves and 
cuts off an equal 
quantity fnim each 
of the compart- 
ments into which 
the cylinder is 
divided. The 
blending and sift- 
ing of the flour is 
then continued. 
The redressed and 
blended flour is 
then taken to the* 
mixing-room to be made into dough. 

The Mixing-room. In this department 
the major ingredients of the different biseuits 
are weighed, measured, and mixed. The Hour, 
sugar, etc., are filled into largo hopfiers capable 
of holding two bags of Hour bosidcss the other 
ingredients. When the hopper is full, a trap in 
the bottom is raised by means of a cord, and 
the contents shot down into drum mixers 
situated in the room below, where the liquid 
ingredients, such as milk or water, are added. 
The mixers [1] consist of iron drums through 
which a square shaft passes. This shaft is 
provided with arms in the shape of IcKips. 
Hi^, however, get worn to a sharp edge py 
constant friction. When the drum has been 
filled with the charge, a large cover is drawn 
' man-nole ” by means of a hand 
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wlieeL Hie agitator is then made to tevolve 
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until the mixiiig, which takes an hour, more or 
less, according to the consiituenta, is complete. 
The contents of the mixer are then emptied into 
a wooden truck. There is another form of 
mixer called a soft dough mixer [2]. This 
consists of two vertical shafts side by side and 
fitted with blades disposed in corkscrew fashion. 
Iliese ^afts revolve in the same direction, and 
thus give the dough a grinding and thorough 
kneading. The dough to be mixed is filled 
into large wooden tubs, which are then run 
underneath the mixer, the knives of which are 
lower^ and set revolving. 

Rolling. The machine-room and bakehouse 
comprise the de- 
partment in which 
the actual making 
of the biscuit takes 
place. The dough 
is first put through 
the brake, which 
consists of an 
endless felt travel- 
Img between two 
iron rollers [8J 
The motion of the 
rollers can be re- 
versed by means of 
geanng, and the 
roll can be raised 
or lowered by 
means of a hand 
wheel. ()n this 
machine the dough 
is rolled into a 
sheet of any de- 
sired thickness by 
being made to pass 
to and fro under 
the roll, which is 
gradually lowered. 

The dough is kept 
well dusted with 
flour to prevent it 
sticking to the roll. 

The dough is 
next taken to the 
cutting machine, of 
which the latest 
tyjw is shown in 4 . 

It is placed on an 
endless travelling 
felt, and dusted 
over with flour to 
prevent it sticking to a roll under which it next 
passes. There are usually two pairs of these 
rolls, the first of which presses the dough to, say, 
twice the thickness required for the biscuit, and 
the second to the actual thickness. The practice 
of brushing or spreading the flour with light 
brushes by hand has ^n superseded by a 
revolving bruifii. 

Cutters. The dough then passes on to 
another endless felt [ 4 , far end], which moves 
forward in jerks, and in this way is carried under 
the cutters which stanm the shape of the biscuit 
out of the dou|^. ^e numoer of bisouits 
stamped out at (me operation varies from 6 to 
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80, according to ske.’ The ** scrap ’'-Hsameh, 
that imrtion of the sheet of dott|^ between the 
out biscuits— passes on to a separate felt up 
over a roll, whence it is caught on ^a tray, 
taken back to the “ brake,” anS usm 
again. The biscuits deprived of „ their scrap 
are conveyed on the felt, whence they are 
transferred to travelling iron trays carried 
under the felt on chains. The biscuits fidl in 
regular lines on to these tra 3 rs, and if for any 
reason a row of biscuits has to be removed from 
the felt, the motion of the tray can be arrested 
till the next row is ready to fall on to it, when 
it is allowed to proceed. If this were not done 

the trays would 
not receive a 
regular charge, 
and consequently 
the biscuits would 
not be evenly 
baked in the oven. 

Spraying. In 
certain cases, as 
with ginger nuts, 
each tray, as it is 
filled, is lifted off 
and passed by 
means of a band 
under a hood, 
where the atmo- 
sphere is charged 
with a fine spray 
of water. Biscuits 
so sprayed are seen 
to possess a fine 
film of moisture on 
their surface^ which 
imparts to the bis- 
cuits a gloss when 
baked. From this 
machine the trays 
of biscuits pass 
through the ovens. 

The Ovens. 
The trays are 
now laid on 
travelling chains 
provided at equal 
intervals with 
spikes that catch 
the* edge of each 
tray and can^ 
it forward through 
the oven at a 
uniform speed, which can be regulated to suit 
the baking. The ovens are now constructed 
50 ft. long, and are heated by producer gas 
generated in the works [6]. The time taken by 
the trays to pass through the oven varies witn 
^e class of biscuit. With ginger nuts, the time 
is alKlut twenty-five minutes. With this par- 
ticular kind of biscuit, one cutting manriinf^ 
supplies two ovens and turns out about 35 cwt. 
p^ diem. Each tray takes 84 ginger nuts. 

Sugaring. Bisouits are sugared from a long 
rectangular box which stretches the whole widm 
of the machine. The bem is mechanically 
shakcoi up and down, causing the sugar to 
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USl thnnii^ in a teg^ shower on to the dough they are conveyed to the racks for drying, 

passing underit Biscuit fingm are made and These processes are now performed mec^i- 

out out mucdi like or^ary bisouitB, but they cally. Chocolate should be stored at constant 

are carried off on wire trays instead of on temperature, otherwise it gets atr^iky. ^etem- 

the osdinaiy iron ones. Aa they leave the perature of the store-room in which this class of 


cutter they 
are thin, but 
slightly 
rounded on 
the top and 
nearly flat .*1 
underneath, 
so that when 
baked the 
expansion of 
the upper 
surface 
causes them 
to « curl up 
and to as- 
sume the 
shape of a ! 
spill. A ^ 
somewhat 
peculiar pro- 
cess IS in 

the above ^ 

instance in- 
geniously 3 ^ dough bi 

made use 

of to assist in fomung the biscuit into shape. 

Chocolate Fingers. Biscuit fingers are 
sometimes coated with chocolate by hand. They 
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goods is kept 
is maintained 
at about TO*" 
F., to prevent 
the ohoco- 
late from 


tomMrature 
sliould never 
rise above 
this. The 
chocolate 
used for oon- 
feotioneiy, 


fingtra or 
waferst is 
prepared by 
mixing pure 
chocolate 
with a small 
amount of 

B (J. Baker A Soni, Ltd.) COCOA better 

in the pro- 
portion of about 1 cwt. of chocolate to 20 lb. of 
cocoa butter. 

The Vanessa biscuit is prepared on a 



are laid on wire tr^ divided into partitions into machine somewhat on the following lines : After 
v'hich they fit £!aeh tray holds twelve. The the two colours of dough, one white and the 


jmi a f ' 


|l^rt ihf. 







4 . HARD AND SOFT DOUGH GAUGING, CUTTINO, STAMPING, AND PA27NING MAdUNB 

<J. Baker A Sons, Lid.) 

trays are then dipped into liquid chocolate, and other chocolate, are put into the hoppers, 
unmediat^y on removal briskly shaken to plungers which work between the hoppers are 
ramove any exceas. By inverting the trays, nuaed and lowered by means of cams, and 
the fingeca mil on to sheets of paper, on which force exactly the right amount of baiter to the 
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6 TWO-PAN TRAVBLLINa OE CHAIN OVEN (J Baker A Sons, Ltd ) 


trays which pa«is underneath The white and 
chocolate coloured doughs are pumped simul- 
taneously upon the pan 
Fairy Cakes. Hero the dough is deposited, 
m rows, from a similar machme to the alrave, on 
to a ** spun pan,’ which consists of a tm plate m 
which a number of small hollows have been 
shaped out by an ingenious process of 
** spinning ” (hence 
its name) Each 
of these numerous 
hollows provides a 
mould for a fairy 
cake The pans are 
smeared with a 
mixture of butter 
and flour to pre- 
vent the baked 
cakes from stickmg. 

When the pans have 
been used, they 
are cleansed by be- 
mg pressed against 
revolvmg brushes 

moisten^ with water, and after smearing with 
butter and flour, are ready for further use. 
With the drop machine ” there is no waste or 
scrap, as the exact amount of stuff required is 
delivered for each biscuit or cake 
Colonial Biocults. Colonial biscuits are 
made from dough on the “Rout*’ press. In 
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a Similar manner are produced “Cable” and 
“ Twist ” biscmts, and, with special “ dies,” the 
“ Rose, “ Cafe,” “ Ring,” and similar biscuits. 
Colonials are formed in strqis about | m wide, 
and have a rough upper surface, caused by the 
rucking up of the surface as it passes from the 
die of the nozzle These strips pass under a 
“ cutter,” which cuts them mto 3-in lengths 
Here, agam, &ere 
IS no waste or scrap. 
When the trays 
carrymg these bis- 
cuits emerge from 
the oven, they are 
lifted out and placed 
on racks for a few 
mmutes to cool, 
and are then tipped 
mto boxes re^y 
for packmg A 
contmuous biscuit 
forcer to work 
hand, used for 
Queen’s and Rout 
biscuits, 18 shown m 6 Hand bisomt cutters 
[7] are made round, oval, or fancy shapes, plam 
or engraved, with name for the use of &ose who 
make up their own biscuits, where hand kneadmg 
and the roUing-pin take the place of processes 
already described These cutters are made to out* 
print, and eject, like a machine cutter ; also fancy 



hisouit oatten [8], for rich and soft douffha, are 
made in ationg tins of various sixes and designs. 

Plniik Ice Wnfera* Probably the most 
important of special biscuits is the sugar or ice 
waler» We illustrate here an automatic 
making machine [8], which is in use in all 
largest factories in dif- 
fermt parts of the world. 

This biscuit, so great a 
favourite with those who 
eat ices, is made of a 
mixture so thin as to be a 
batter instead of a dough. 

'Hiis batter is held in 
a at the side of the machine. A series 
of pumps distribute the batter in measured 
quantities upon 8ilver>p]at(Kl and highly en- 
graved plates ; these pLatea run in pairs, and 
as soon as the batter has been placed on the 
lower plate of the pair the top half closes 
and locks. Hie batter so held between the 
plates is carried round a chamber, 
which is heated by gas stoves. 

When the complete revolution of 
the machine has been effected, 
the plates unlock and the sheet 
of baked batter drops out. This 
sheet is made up of 32 of the 
finished wafers, and these are cut 
out from the sheet by means 
of rapidly revolving saws. All 
these operations are carried out automatically. 

Cornets. These are wafers shaped like cones, 
made on a machine somewhat similar to that used 
for plain wafers, but the plate consists of cone- 
shaped moulds, 24 in number, and the cover is 
iittedwith a similar number of cone-shaped spikes 
which fit into the 
moulds. The moulds 
are filled with the 
batter by means of a 
special device which 
delivers into them 
exactly the right 
quantity of stuff, thus 
saving any waste. 

When the moulds 
have been filled the 
cover is clamped 
down, turned over, 
and passed on as 
before, the next plate 
coming round to be 
empti^. From i t the 
cones or “cornets,” 
which are cither in the 
moulds or sticking to 
the [mikes, are re- 
movea and packed in 
boxes. (me plate 
takes five minutes to 
travel round the 
machine. About 
9,000 a day per man 
aretumedont. These 
wafers are largely 
Mid to itiiicrant 
ice-cream vendors. 



raOD 

Windsor Wafer. The Windsor Wafer or 
Sugar Vanille consists of two plain ice wafers 
between which is sandwioked cream. Ihe cream 
is put in between the sheets of widers, which are 
then out up and dried. If they were 
dried before lieing cut, bits of tlio wafer 
would chip off, and thus 
cause a loss. 

Artificial Banmnaa, 
Among the various 
forms of confectionery 
now mode is an imita- 

7. HAND BisemT CVTTBR Iwinana. This is 

flavoured with a concoc- 
tion to give it the taste of a banana. It is 
shaped and coloured like a banana, and when 
broxen is soft, like that fruit. Large quantities 
are shipped to Jamaica, Batavia, and Kg 3 qf>t. 

Hand • made Blacuita. Crakes,' even 
in laige factories, are made by hand, Uiough 
this method is rapidly dying out. Then> is also 
a oertain class of biscuit, such as 
macaroons, which are sometimes 
made by hand, although generally 
on a drop mai'hinc. The shape of 
the biscuit is cut out of the dough 
l>y a hand cutter and then put on 
to an iron tray. When a suffi- 
cient numlMu* have boon cut, the 
tray is put into an Oven to bake, 
the tray lying on the floor 

Its fKiKition is occasionally changed 
with the aid of a long woodem pole — technically 
called a jncl — Bha|XMl at the end like a spado. 
When sufficiently baked the trays are taken 
out, and the biscuits arc allowed to cool and 
are then tipjHKl into box(*H. 



FANCY BISCUIT CUTTERS 


of the ov(»n. 
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FAoKIftg. Most 
Insottits and small 
cakes are packed in 
tins holdiioff about 
9 lb. of bisoaits. 
Each tin is put on 
to a travelling belt, 
which carries it to a 
hoist that conveys 
the tin to the floor 
above, where it is 
labelled. The tins 
are then put into a 
hot chamber to dry 
the labels to prevent 
them rusting the 
tins. Tins used for 
export are hermeti- 
cally sealed. A cer- 
tain class of goods, 
such as “ Quaker 
Oat Biscuits,” are 
H packed in cardboard 

0 packets called ”box- 
6 ets.” These boxels 

1 are waxed inside, 
H and the biscuits are 
b wrapped in waxed 
g paper befon^ being 
« placed in the box. 
g The life of a biscuit 
w tin is about five or 
^ six journeys. The 
^ tins are well scoured 

out every time they 
o return to the works, 
g Refrigerating 
H Plant. This is an 
S essential part of a 
S large factory. It is 
^ used for cold stor- 
« age of butter and 
^ lard, for ice making 
g and milk cooling. 
^ [See Food Presbr- 

g VAHON.] 

The complexity of 
the work of a large 
biscuit factory may 
be judged from the 
fact that one large 
Arm may turn out 
260 varieties. We 
give, in 10 , the 
general arrangement 
of a small sweet 
biscuit factory. 

Ship and Dog 
Biacultg, The 
method of manufac- 
ture of ship biscuits, 
as in the works of 
Messrs. Spillers io 
Baker, wno have 
the latest instal- 
led plant, is con- 
ducts somewhat on 
the foUowing lines. 


A selection is made of sj^ially milled flours 
of a description and quality suitable for the 
biscuit required, ship biscuits being usually 
made in several quaUties, some for cabin and 
some for crew use. The mixture and 9 blend 
having been decided upon, the various flours 
are put through a set of automatic mixers, which 
blend them thoroughly together. This mixed 
flour is then caught off from these mixers in 
sacks, each one being carefully weighed to en- 
sure the exact quantity of flour being used for 
the next process. A charge of from 5 to 10 cwt. 
of the mixed flour is then snot into a dough mixer. 
Fixed above is a tank connected with a supply 
of pure water, and by means of a gauge the 
desired quantity of water for the weight of flour 
is added. The mixture is kneaded into dough 
in from 15 to 30 minutes, and discharged on to an 
iron table immediately below, near which is fixed 
a brake, through which the dough is rolled 
backward and forwards until a sheet of the 
required thickness is produced. The other 
processes of preparation for the oven being 
similar to those described above. 

A Special Oven. The oven, which differs 
in some respects from that used for sweet bis- 
cuits, consists of a number of iron plates, which, 
being connected together and worked on tumblers, 
are made to traverse the whole length of the 
oven. The most approved size for up-to-date 
ovens is about 8 ft. wide and 44 ft. long. The 
length of time the biscuits take to pass through 
the oven can be adjusted by means of a ratchet- 
wheel and pawl at the front end, and they take 
from 15 to 30 minutes, as more or fewer teeth 
are taken by each upward motion of the pawl. 
The heat in the oven is regulated by an elaborate 
arrangement of flues and dampers, and as the 
ovens for this kind of biscuit are usually what 
is termed “ direct heat ovens,” a smokeless fuel, 
such as coke, has to be used ; the consequence is 
that the heat produced is very much more 
intense than that in ovens fired by other methods, 
and has the effect of rendering the biscuits 
so baked capable of withstanding changes of 
temperature and keeping a considerable time. 
But because of this direct heat, ovens so con- 
structed require very much more careful manipu- 
lation and closer attention, as the heat is apt to 
vary more than in “ indirect heat ** ovens. 

By properly regulating the heat, and also by 
previous calculation, the biscuits, on reaching the 
end, are thoroughly baked They are conveyed 
by elevators to a diying floor in order to cool 
and to get rid of any superfluous moisture that 
may be contained in them. After being stored on 
this floor for sufficient time, they are packed 
in barrels or bags for delivery where required. 
This final drying operation is not required 
in the case of sweet biscuits. 

The method employed for the manufacture 
of dog biscuits is on similar lines to that just 
described, with the exception, of course, that the 
materials used are different. Great care has to be 
exercised in the selection of suitable flours and 
meals, and also in the addition of the cooked 
meat considered necessary for the dog's dietary. 

Biscuit Making concluded 
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By Dr. A. T. SCHOFIELD 


COME time ago the United Statea War Depart- 
^ ment made experimento with a view to reduc- 
ing the weight ana bulk of the RoldierH' rations 
without impairing their nutritive value. It was 
BOOH known, however, that the experiment had 
resulted in failure. A report on the subjet't 
has now been issued from which some intoreHting 
details may be gathered. A company of the 
7th Infantry, it appears, was detailed to make 
the experiment. The company was furnished 
with condensed rations, consisting of cofleiN 
soup, broad, and bacon. The coffee and soup 
were in small tablets, which, when pla^^ed in 
boiling water, were ready for consumption in 
two minutes. The bread was in small, hat cakes, 
the w'eight and hardness of a brick, which, when 
moistened, swelled out like a sponge. The bacon 
was compressed, and needed only to bo warmed 
in a frying-pan. The soldiers started out with 
10 days’ rations, but the campaign was brought 
to an abrupt end after four days of 15-mile 
marches. The food not only failed to satisfy 
I hunger or give strength, but seemed to irritate 
^^the stomach. 

Suitability of food largely depends upon its 
[digestibility, as well as upon its chemical <*om- 
f position. Thus, it would seem that, from one 
1 point of view, pork and milk contain about the 
right proportion of carbon and nitrogen, and yet 
. the one is a most unsuitable article of diet, the 
other the best we have. As a rule, the nitrogen in 
. vegetables is not so easily absorbed as in meat. 

Force Derived from Varioue Foods. 
With regard to the proportion of body and mind 
work derived from various foods, an attempt has 
. been mode to give a table showing the percentage 
; of force that food gives out as heat, as physical 
force, and as mental energy. This is as follows, 
but must be taken as merely approximate ; 



Tliis table gives the relative cost of foods : 

r "" 

I COST OF sufficient FOOD TO SUPPLY 
THE AVERAGE DAILY FORCE NEEDED 


Cixlfish 5 0 Butter 1 7 Beans 0 6 

Mutton 3 6 Cheosit 1 6 Rioo 0 6 

Lean bwf 3 0 Fat pork 0 9 Broad 0 4 

Milk 2 8 Potatow 0 7 Oatmeal 0 3} 


This, of course, gives no idea of relative 
suitability or digestibility, and no one could live 
exclusively on any one article named, excepting 
milk and bread. Let us take a more genorid 
survey of the principles and practice of dietetics. 

Importance of Proper Food. There 
can bo no doubt as to the importance of the 
subject when we learn that in this country alone 
over 2,000 lives a week are lost through bad 
and improper food. Indeed, this is too low an 
estimate whefi we remember that food includes 
drink, and hence alcohol, it is sufficient, how- 
ever. for us hero to know that the misuse of food 
(including drink) is by far the chief cause of 
disease, ^ath and misery in the English race, 
and that ’’ proper food is the first and foremost 
of the five laws of health. 

Food is necessary, as we all know, to repair 
the waste of the body, and in its widest sense 
includes not only solid and liquid, but the 
gas wo insj: re from the air, undcT the name of 
oxygon. \Vhile, however, we have ultimately no 
control over the am/unt of oxygon we inspire, nor 
any choice of gaH<«H, we can and do adulterate th(* 
air as much as lies in our power, to our own (‘ost 
But our powers for evil over what we breathe are 
small and insignificant when compared with the 
wide powers and corapIeU^ control that we liavo 
over the food we eat. One would think that 
the human race, when it became civilised and 
educated, would long ago have settled th(^ 
question of food and (mnk, and have di^overed 
the best and most economical way of repairing the 
system. What io eat or drink, when to cat, how 
to eat, should long ago have been questions so 
settled by experience and authority. 

Repair of Waste. We require a good 
deal of food — for, as we have shown, we perish 
at a faster rate when we are alive than when 
dead, wasting to the extent of about one twenty - 
fourth part daily. We thus lose over a ton a year, 
and the important question is, how best the loss 
is to bo made good. 

This rate, however, is not even throughout 
Kfe, and for the first twenty-five yeaw we have 
to eonatder not only how to replace the daily 
kwe, but how to build up the body and what 
amterial to nae. 
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Ab regards quantity of food, the best and 
simplest rule seems to be: From the ages of 
1 to 25, as much food as is wished, provided 
it be wholesome and given at stated intervals ; 
from 25 to 55, as much food as will keep the 
body at the same weisht for these 30 years ; 
from 55 to 75, a gradui3l3r decreasing amount of 
simpler food, so that weight is Slowly lost, or 
at any rate, not gained. In the first third of life 
we seldom eat too much ; in the last third we 
very often do so. 

Ae difficulty in writing on dietetics is to avoid 
being too explicit, and yet to give directions that 
are of real value. We snail try not to be too exact 
as to details, but very definite as to principles. 

Digeation and Indigestion. When the 
digestive system is ‘‘in order” its great chat a. •- 
teristic, like that of all other body systems, is 
that it performs all its work unconsciously. So 
perfect is its mechanism that we do not know 
or feel we have either stomach or liver, althou^ 
both may be hard at work, and the former in 
violent motion for hours together. But once 
indigestion begins, this delightful unconscious 
calm vanishes, and we are only too painfully 
aware of the internal troubles. 

In nearly every case this is our own fault, 
and is brought on through gluttony for food or 
excess in drink. Gluttony is a great vice, but 
being personal and harming no one but ourselves, 
it escapes censure, save when leading to excess 
in alconol. An old German proverb says, “ As a 
man oateth, so is he.” It is true that our food 
influences our character, but it is equally true 
that our character affects our eating, and that 
the wise, self-governed man is far less likely to 
suffer from dyspepsia than the self-indulgent one. 

Moderation the Motto of Health. 
Personal habits leading in this direction to 
ill-health are easily formed, and should be care- 
fully watched. Small habits of excess an* easily 
acquired, and are then so difficult to break. 

We do not wish to lay down many rules, 
but say emphatically that ” moderation in all 
foods is the motto of health. This habit 
formed in youth is a fjowerful safeguard 
against many ills, and prevents much physical 
u^appiness. 

We will first look at the question, “ What we 
shovM eat,** on which many opinions are held. 

The natural query is, “ Shall we exclude any 
ordinary staple fo^ such as meat from our 
dietary, and if so, what ? ” 

Our answer for those whoso digestion is in 
order and who desire to keep it so, is No. Let 
all ordinary food be oaten in moderation.” But 
there are many who exclude ” butcher's meat ” 
and eat ” whito ” meat only, others who forswear 
all meat, but eat other animal food such as milk, 
eggs, butter, etc., and are miscalled ” vegetar- 
ians.” Others, again, rise above these and eat 
vegetables only. A superior class still exists 
on fruits, but the highest and smaUest class of 
all consists of those ecoentric beings who are 
kept alive by nuts and seeds only, including, 
very largely, apple pips. To such heights of 
fadaism or depths of imbecility does dieting 
extend, and in every stage there are men and 
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women ever ready to demonstrate, in ikek own 
persons, that every ooneehrable mem and grace 
is produced by their particular met, and to 
hand you oonvinoing manuals that prove this. 

Dietaries ahauld be Shunned by the 
Healthy. All dietaries should be shunned by 
the healthy ; their adoption is a confession of 
weakness, and even the weak should use diet 
tables as little as possible. 

When we remember how different are people’s 
temperaments and idiosyncrasies, and that 
what agrees with one so often disagrees with 
another, we see the difficulty, if not the tolly, 
of laying down general dietaries. Dr. King 
Chambers writes : ” Some cross off their dietaries 
everything that has ever disagreed ; better 
to add to^it everything that has once ^eed.” 
This advice goes rather too far, but it is on 
the right side. 

After infancy, therefore, when the full diges- 
tive powers are established, diets do generally 
more harm than good, save in special diseases. 
Even if some food is found to disagree it is better 
to eat less of it than to cut it off altogether. Wo 
must remember, too, that cooking can render 
the same food digestible or indigestible. 

The question to ask respecting any article 
of diet is, “ Bo you like it ? ” and “ Does it 
like you ? ” If both questions can be answered 
satisfactorily, there is no doubt on the matter ; 
if the first only, try the food in moderation and 
well cooked before you decide to give it up. 

No doubt, not only gout but many smaller ills 
come from a wrong diet, and if a person suffer- 
ing from any of these is told by a responsible 
physician that they are caused by any article 
of food, he should heed him and not use it ; but 
we are speaking of the healthy, and of the self- 
dieting of dyspeptics. 

Eating too Much and too Little. But 

“ What to eat ” embraces also what amount to 
cat, and we would touch on this, for it is most 
important. We think that most people who can 
afford to do so eat too much. 

The rule wo have already laid down of living 
by the scales rather than by the appetite is 
a golden one. Lei the weight be fixed and 
never exceeded or lessened by half a stone. 
This is not only the way to keep in order, but to 
prolong life and to avoid *many diseases. 

Dr. Mortimer Granville says that there is 
** More danger from excess of food than from 
infection ; and there can be no doubt that 
excess of animal food is a great and crying 
evil in the English people and produces an 
amount of dyspepsia and other troubles wholly 
preventable by eating half the amount. In 
this country we consume about four times the 
amount of meqt of any other countiy in Europe.” 

Eating too much does not strengtnen the body, 
but exhausts it with the labour of digestion 
and the evils of the undigested residue. Among 
the aged this is a common error, mainly due 
to friends and relatives who are continually 
urging the old man, whom Nature has wisely 
deprived of his teeth, to eat more and to live 
better ; whereas his health and happiness 
depend on eating lees and living more puunly. 



Willie we thus iqMek against over-eating In 
tbe lieaHhy and wealthy, we aee plenty of evils 
arising from starvation amo^ the rroh. 

Many eat too little for various reasons, even 
whene>therwise in health ; and this soon leads 
to the nerves or some other part being out of 
order. A false idea of rednement, or some 
slii^t dyspepsia or over-fatigue,** leads to semi- 
starvation, and very soon nervous signs follow, 
showing the nerves are no longer in health. 

So far, we fear, we have spoken in a very 
vague way for those who, as we have said, love 
exact rum. We will try to be a little more 
exact in speaking of one or two articles of diet. 

Meat and Vegetarian Diets. Of meat 
we eat far more than the French or Germans. 
No doubt we require rather more than they 
do ; but the excess over what we really 
require is enormous, and not only represents 
groat waste but needless disease. 

There is no storehouse in the body for excess 
of meat food as there is for fats and starches ; 
and the result is that if the excess passes a 
certain point the meat becomes poison, and 
uric scici is produced. 

For liffht workors meat once a day is enough. 
Butcher^s meat three times a day is an excess for 
anybody in this country. The recent researches 
of Professor Chittenden tend to show that a far 
greater limitation of meat diet may be beneficial. 

The bulk of the diet should be what is called — 
but is not — vegetarian ; that is, farinaceous and 
vegetable foods, milk, with eggs, etc. In growing 
vouth and early manhood too much care cannot 
be taken that the food is digestible ; and above all, 
artificial and pre-digested foods should be avoided; 
for hard digestive work in moderation strengthens 
the stomach, whereas little or no work certainly 
weakens it. Thus, ** meat teas *' which are hard 
to digest are not bad for young people. 

Bread the Staff of Life. Bread is 
the staff of life, and no attention should be 
paid to dvspenptic faddists who claim to have 
discovered rather late in the day that it is the 
source of much disease. It contains the meat 
and vegetable principles as no other food 
really does, and can be eaten in such a variety 
of forms that none need tire of it. White 
bread well made is the most nutritious and 
generally useful ; for the weak and for children 
wholemeal bread is splendid, while Hovis bread 
is of reid value as compared with other breads, 
on account of the amount of fat it contains, 
roiddng it nearly equal to bread and butter. 
Italian pastes, such as macaroni, are excep- 
tionally nutaritious, and indeed no dish can 
surpass in food value macaroni and cheese, 
which is, perhaps, for its bulk, the most nutritious 
dish that can be made ; but it does not follow 
that it is particularly easy of digestion. 

We have alreaify pointed out that the old 
idea that force is gained principally from meat 
diet has proved to be erroneous, and it is now 
shown that muscular force is principally ob- 
tahmd from the carbohydrates — the staroh 
and sugar foods. These two can be eaten in 
excess with much greater safety than meat, 
as we have s^wnu Sugar itself is a most 


valuable muscular food and must be mentioned 
hern. As a rule, it is taken plentifully in all 
farinaceous food, for all staroh is changed into 
au^ar. The advantage of sugar is that it re* 
quires no change. It exists in large quantities 
in some vegetables such as beetroot, in some 
fruit such as mpes, and also in chocolate and 
other artificial foods. If half a pound a day 
is eaten, from 15 to 20 per cent, more worx 
can be done. Haokenschmidt, the great 
wrestler, gets nearly all his force from sweets, 
chocolates, etc. Seventy-two lb. per head 
is used in Great Britain, 52 lb. in America, 
25 lb. in France and 17 Ih. in Germany. 
Sugar creates no urio acid, and does not in itself 
piMuoe gout. Two lumps of sugar eaten daily, 
will increase the weight 14 lb. in one year. 

When to Bet. The next point to 
consider is ** When to eat."' As to this, we may 
certainly say, ** At fixed times,** Food eaten at 
irregular times is much more jwt to disagrM 
than if taken at fixed hours. This is truest in 
early and late life, but holds good all throu^ 

A baby may suffer from birth from oaprioious 
feeding, and without fixed hours soon becomes 
a bur&n to itself and to others ; whereas if fed 
every two hours in the day, and every four 
hours at ni^t by the clocks it would be in health 
and perfect easy to manage. It is astonishing, 
too, now soon a child becomes accustomed to 
fixed habits, and what an untold blessing these 
are ; and this refers not only to eating, but to 
all habits necessary for the health of the in- 
dividual. 

Regularity of MeaU. Perhaps we 
may 1^ allowed to point out here the neat 
misery tibat has resulted to, and is still ox- 
perienoed by, thousands whose digestive systems 
m some part of their course are out of order, 
solely from a culpable neglect on the part of 
parents in forming a daily habit in their ohil- 
dren, and thus rendering constant medicine 
wholly unnecessary. 

The advantage of regular meals is Uiat the 
digestive organs themselves loam to exi>eci 
these meals, and get ready for them if they 
are taken at fixed hours. 

, The interval between meals should never be 
less than four hours, and is better if not over six. 
It is most important that a fresh meal should 
not bo taken until the last is digested. The 
neglect of this rule is a common cause of d^pep- 
sia. The burning question of the number of 
meals in the day is by no means easy to settle. 

We have been recently invaded from America 
by a no-breakfast agitation, which, though not 
so much needed hero as in the Htatos, raises a 
veiy impenrtAnt question. In America breakfasts 
^ve run to such an excess as to become veritable 
banquets. 

No breakfast at all may suit some, but the 
folly is to think of this or any similar device 
as a nnivenuil nonaoea. 

Three Kinde of BremKfeet. Three sorts 
of breakfast remaan for those who take any; 
they may be summed up ae the English break* 
faslf the plain breakfad, and the French break* 
fadf each admirably adapted for certain oases. 
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The man or woman who has to do hard How to Eat« The third and last point 
ph 3 ^cal work before lunch, and especially Is ** How to eat,'* Now, all things may be 

in the open air, does well to eat a hearty break- lawful, but all are certainly not exped^nt, for 

fast, allowinj^, say, an hour afterwards before while there may be no sin in eating aU that is 
begging work. net before us, there is often suffering if we do. 

The man or woman who has light physical SirHenryHoUand’sthreerulesfor eating were: 

or mental work to do, and whose forenoon is 1. Never to fill the stomach to repletion, 

s^nt more within doors, does better with the 2. To eat slowly. 

^in breakfast, with perhaps an egg and some To allow no mind strain at meals, 

marmalade; or with the still lighter French These may not sum up all that is need^l 

breakfast.’* to keep the digestion in order, but they are wise 

The general consensus of hygienic wisdom lays and good as far as they go. 
down that the principal meal when the The first rule may be put in another form, 

man's work is over by one o’clock is the pcrhap more refined: “Always rise with an 

lunch or early dinner ; while all-day 'workers appetite.” 

do better with a light lunch and a more substan- The reason of this is that when we have really 
tial dinner. \^ere there is hard labour all day, eaten enough the hunger is often not wholly 
practically two substantial meals, or dinners, appeased ai the timet b^ause the food has not 
are needed. Tlie principal meal, at any rate, yet had time to digest. Therefore, even if yro 
should be eaten, if possible, when the chief rise “ with an appetite,” it soon disappears 
work of the day is over, and, let us repeat, as the food becomes assimilated, 
must alwa 3 r 8 be eaten at leisure. Quantity is Over-eating of animal food is more serious 
the point in early dinners, variety in late than that of other kinds, for in this case, sooner 
dinners ; for the digestion at that hour can- or later, gout is almost sure to supervene, 

not deal with such large quantities of food as The next rule is to ea^ slowly. This all may 

earlier in the day, and variety stimulates the do ; and if they cannot, they should eat only 
appetite. Light tea is best taken as now, between the lightest food when in a hurry, 
four and five. The third point is most important — “ no mind 

The Evening Meal. One last point strain at meals^ The same simple meal that 

remains as to when to take food, and that will perfectly agree with a man in ordinary cir- 

is with regard to tlie interval between eight or eumstancos may cause violent dyspepsia if eaten 

nine p.m. and eight or nine next morning. Though under severe mind strain or shock. Even if done 

this long fast may not be a common cause of once, the bad effects are felt ; and, if continued, 

dyspepsia, it is certainly a common cause of chronic dyspepsia is the sure result, 

wakefulness and nerve troubles, and many a Influence of Mind on Digestion. We 
slight nerve case has been cured by providing a must impress this point — that to keep the diges- 

meal between these hours. tion in order heavy meals must never be eaten 

If the evening meal at eight be plentiful, and when the mind is agitated or strained. At such 

if the night be spent in sleep, nothing is, as a limes the simple and wise course is to live on light 

rule, n^quirod till breakfast next morning. But food until the mind is relieved. The neglect of this 

this turns on two “ ifs,” either of which may simple precaution often begins the fatal reaction 

fail. Sometimes the dinner is at six or seven, that culminates in a nerve attack. The attack 

and very little may b<* eaten ; in this case some of dyspepsia reacts on the mind, which becomes 

sort of supper at ten or eleven is needed. Again, more nervous and strained ; this weakens the 

the night may be wakeful, and the jierson sick stomach still more, and the process goes on till 

from hunger, and yet no food can Iw had till the system is impoverished and nervous 

breakfast -time. debility ensues ; and then, indeed, when the fatal 

This should never be. Food of some sort ^ circle is established, it is seen too late how 

that is palatable when cold should always be much better and easier prevention is than cure, 

accessible, so that an impromptu meal can lie The connection of stomach and brain, of 

taken with some milk when required ; while digestion and thought, is very close. Good blood 

those who always have their evening meal supply and nervous energy ore as necessary for 

early, and often eat little at it, should, as we one as for the other, and the two cannot be fully 

have said, as a fixed custom have a light working at the same time. It is, therefore, 

after-supper about four hours later, and if always advisable that a meal time should be a 

any part of it can be hot so much tiie better season of relaxation and of cheerfulness, 

for diction. There is really no necessity If this advice is needed for those in health, 

for walking a mile after this sup^r. If a it is still more important for dyspeptics. A man 

brief interval be allowed before retiring to rest, who is liable to indigestion, and who eats a full 

the meal 'will not only give no trouble but will meal when in a *state of mental tension, may 

probably act also as a mild hypnotic. bring on a sharp attack of gout by so doing. 

. Continued 
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AN AGE OF DISCOVERY hmort 

Hie Wars of the Roses. Warwick **the Kinff-maker.*' Murder of the Little 25 
Pfinoei. latroduction of the Art of Printios:* DiscoTory of a New Continent 


By JUSTIN McCarthy 


fyjE of the most important events in the course 
of Engli^ history was the outbreak of the 
Wars of the Roses. Tlirae wars were carried on in 
maintenance of the rival claims of the houses of 
York and Lancaster to the English throne. The 
Lancaster family were descended from John of 
Gaunt, Duke of Lancaster, fourth son of Edward 
III., while the York party were the descendants 
of Mortimer, grandson of Edward's third 
son. The Lancastrians adopted the red, and 
the Yorkists the white rose, as their emblem, and 
thus this prolonged contest, which lasted some 
thirty years, came tc* be described in history as 
the Wars of the Boses. 

The Were of the Roeee* We I'ead 
that in these wars perished 12 princes of the 
blood royal, more than 200 nobles, and more 
riian 100,000 of the aristocracy and their depend- 
ents. It is not necessary to follow minutely 
the story of these wars and to recount the vic- 
tories now of the one side and now of the other. 
Nothing could well have been more barren, so 
far as the prosperity of the countiy was con- 
cerned, than those trials on successive battle- 
field of family claims which seem to readers of 
the present Aiy to rest on merely technical 
questions as to the law of succession. Even 
where it was shown that the immediate^ and 
direct line of succession had l)een broken, it was 
argued on the other side that on the death of a 
sovereim. the existing constituted authoriti<>s 
charged with the welfare of the realm had always 
claimed, and on several occasions exerted, with- 
out opposition, the right to designate for the 
throne one of the royal princes not actually 
next in the line of succession 

The record of these w-ars is sickening and 
ghastly to a degree which the stories even of 
civil wars cannot often equal. The rival parties 
do not seem to have liehaved towards each other 
with any regard for the common laws of war as 
prevailing Iwtween rival <‘ountries. The York- 
lies and the Lancastrians acted on the principle 
that in such a struggle each party, when it had 
won a victory, was honourably free to act to- 
wards the conquered leaders as if they had been 
mere mutineers, for whose breach of discipline 
i^yponislunent might properly be inflicted. 

The Klnf«malLer. The wars began 
in 1455, but the actual dispute had lieen going on 
since 1449, when Richard Duke of York publicly 
claimed the succession. One leading figure in 
those wars was that of Richard Neville, Earl of 
Warwick, the famous “ King-maker.” When 
the war broke out, Warwick rendered great 
service to the Yorkites at the battle of St. 
Albans, and was, indeed, the main instrument in 
obtai^i^ the vietoiy After this he took the 
leading part in the struggle. He had more in him 


of the statesman than the soldier, and it docs 
not appear that mere love for soldiering had 
brought him to the battlefield. He was shrewd, 
astute, foreseeing, had a gift of political intrigue 
and political mastery, and was unscrupulous as 
to the means by which he aocomplished his end. 
There were viotories and defeats on either side, 
but Warwick effected a bold stroke bv marching 
on to London with Edward, son of the Duke of 
York, and proclaiming him King Edward IV. 
Soon after me Yorkites gained a signal victory 
at Towton, and for the time the struggle seemed 
to bo at an end. 

The young King made himself very popular 
by his courage and his winning manners. Indeed, 
at that time, l.iondon was well inolined to wel- 
come any sovereim whoso coming to the throne 
brought with it the promise of rosUrred peace. 

Edward later on made many enemies by his 
lioentiouB tendencies, and Warwick, among 
others, turned against him. Edwaid found 
that there wore strong forces opposi^ him, and 
he left England and took refuge in Flanders 
while he was gathering now strength around him 
to meet his enemies. After six months he came 
back to England, and with his brother Clarence, 
who had rooently taken his side, encountered 
his opponents at Ramet. April 14th, 1471 » where 
Warwick the “ King-maker ” was surrounded 
and killed on the battlefield. 

TawKeabury* The result of the battle 
was a victory for Edward, and by a subsequent 
victory at 'I'ewkosbury a few wc*eks later he 
brought that chapter, at least, of the war to an 
end. Edward bimaved with extreme cruelty to 
some of his captured enemic^s, and the latter pari 
of his career illustrated in very striking fashion 
the general character of thrise lamentable Wars 
of the Roses. On April 0th, 1483, he died 
suddenly. When his life ought to have been only 
a» its prime it was prematurely brought to an 
end by the exoitement of politics and war, and 
probably even more hy dissipation. His successes 
were made for him by others, his faults and 
failures were his own. 

He was succeeded— at least nominally suc- 
ceeded— by his son Edward V., who was then 
little more than twelve years old. He came at 
once under the influence* of his unide, Hicliard, 
Duke of Gloucester, the youngest brother of 
Edward IV. Richard, IHike of Gloucester, is 
one of the most remarkalile, and one of the 
most odious figures in English histoiy. He is, 
prhaps, best known not tbrougli history, 
imt inioagh the drama. Shakespeare in his 

Richard III.” has made foi us a terrible picture 
which is as living as life itself, and oven if 
every fact and incident in that great drama 
is not a literal reproduction of the truth, his 



character of Richard may be taken to be^ fait 
repieaentation of the real man. 

Richard waft bom on October 2nd, 1462 ; on 
the defeat and death of his father, the Duke of 
York, he was sent abroad for safety, but after 
Edward IV. had won the throne he returned to 

a ^nd and was made Duke of Gloucester. He 
a conspicuous part in the York and Lan- 
caster struggle durmg its later developments, 
and is accused of having sanctioned, or even 
promoted, some of the worst crimes — the judicial 
murders of leading opponents during that war. 

The Murder of the Little Princes. 
After the death of King Edward, Richard was 
appointed Protector of the Realm and guardian 
of Edward V., then only thirteen years old. He 
became practically ruler of England for the 
time, and the Queen-dowager was induced to 
put under his guardianship also her younger son, 
the Duke of York. The two boys were put into 
the Tower of London with the avowed object 
of keeping them safe. They were afterwards 
murdered there, it was generally believed, by the 
orders of Riohard. Rit^hard the Protector had 
Earl Rivers and Lord Richard Cirey, the uncle 
and the stepbrother of young Edward, arrested 
on a charge of treason and brought to a trial 
which ended in their execution Richard now 
seemed to bo absolute master of the state, and 
he was invited by the Parliament to accept the 
crown. This invitation, entirely in accordance 
with Richard’s own ambition and schemes, was 
promptly accepted by him, and he was crowned 
king. 

Bosworth. In the meantime the feeling 
of hostility to Richard and his d(*eds was 
spreading throughout the country, and some 
of the most powerful nobles began to turn 
against him. Henry Tudor, Earl of Richmond, 
was then the most important representative 
of the House of Lancaster, and the friends 
of this powerful nobleman began to organise 
a scheme to dethrone Richard and make Henry 
Tudor king. The attemjited movement failed, 
and its principal leader, one of Richard’s 
earlier supporters, the Duke of Buckingham, 
was nut to death for the part he had taken 
in tne projected rising. Henry, Earl of 
Richmond, nad no ideas of abandoning his 
hostility to King Richard because of any 
tomjKirary check to the movement in his 
own favour, and on August 22nd, 1485, he 
oncountered Richard at the famous battle of 
Bosworth, in Leicestershire. The battle was 
a comploU^ defeat for Richard, who was deserted 
at the last moment by some of those who had, 
up to that time, supj^rted him. Richard lost 
his life on the battleneld. 

Thei’e was a story widely credited for a long 
time that Richmond was actually crowned 
oil the battlefield as King of England with 
Richard’s own crown, which was found when 
tlie fight was over not far from the spot where 
Richard had fallen, but the story is probably only 
anotlior illustration of the romance of history. 

Richai*d III, was man of distinct and 
remarkable capacity who might, under other 
conditions, have m^e a great name for himself 
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and have been a benefactor to his county. 
Batellectually and in education, an education 
in great pari s^lf-aoquired, he was in advance 
of most of the English princes of his time ; but 
his ambition, impatience, and his recklessness of 
all moral restraint, illumined only with a lurid 
light that chapter of history which encloses 
his reign. 

With the death of Richard III. the Wars 
of the Ros^ ended. Henry Richmond became 
without further struggle the successOf to the 
English throne. His father, Edmond Tudor, 
belonged to a celebrated Welsh family, was the 
son of Owen Tudor, who bore a name distin- 
guished in the history of Wales, and of his 
wife, Queen Catherine, the widow of Henry V. 
Henry VII., soon after he had come to the 
throne, married Elizabeth of York, eldest 
daughter of Edward IV., and by this marriage 
the rod and white roses became united. 

Introduction of Printing. A new 
chapter of wider significance and more enduring 
influence in the history of the world than 
any associated with the rivalries of states or 
the fortunes of contending armies, was opening 
about this time. This was the chapter which 
tells of the discovery of the art of printing. 
Up to this period authorship of whatever kind 
h^ to address its public through the form of 
manuscript. Books had been made up of letters 
vTilten with tlie hand on pages of parchment, 
paper, or even of leather, but the only medium 
of communication between the poet, the his- 
torian, the romaneist, and the outer public was 
the character traced by the human hand. It 
is said that a sort of block printing, the im- 
pressing of words on paper or parchment through 
the medium of wooden carvings representing 
the words, uus discovered in (’hina some five 
centuries after our Christian ora, and practised 
there for some lime. There is evidence of 
similar inventions and applications having 
been made the subject of experiment at later 
periods in European countries, and of having 
been practised there with some success. 

The idea might have come into almost any 
mind, at any period since works of literature 
came to be composed, that there might be 
some mechanical process for reproducing on 
parchment or paper the text of the author in 
a form at once more legible and more capable 
of rapid multiplication than could be accom- 
plish^ under any conditions by hand. But 
the art of printing, as it is understood in modem 
days, seems to have come into use in different 
parts of Europe at about the same period in 
the world’s development — during the fifteenth 
century. The name of William Caxton w&l 
always be identified in England with the earliest 
practical application of tbe art of book printing. 

Caxton. Caxton was bom in the Weald 
of Kent, about 1422, and was in his boyhocxl 
apprenticed to a L^don mercer, afterwards 
l^id Mayor of London, who seems to have been 
a kindly prot^tor to the young Caxton. When 
the mercer died, in 1441, Caxton w^t over to 
Bruges, became one of a company of En gHah 
traders who had settled there, and in the oourae 



d time rose to be a governor of the oompanv 
or asBooiatkm. It was while in Bruges that his 
attentioii was attracted to some experiments 
going on there and in other parts of the Low 
Countries, as well as in Germany, for the con- 
struction of a system of mechanical printing — 
the reproduction of words and sentences by 
means of a stamping process which should 
make the reproduction capable of infinite 
repetition. It may be that the attention of 
Caxton was originally drawn to the importance 
of some such process of rapid and multiple 
production not merely by the interest he alwa^ 
took in the reading of books but also by too 
fact that during a great part of the time whieh 
he spent in the Low Countries he was engaged 
as copyist to a family of high rank. His atten- 
tion was soon caught by the efforts going on 
for the introduction of some method of pro- 
viding reading matter for the public otherwise 
than through the toil of the human hand. 

The First Printed Book. Caxton 
made up his mind that his best business in life 
was to become a producer of books, not merely 
in the capacity of an author but in the capacity 
of one who supplies the public with books 
almost any numter of which can be produced 
within a limited space of time, and can be read 
without straining the eyes of the student. In 
the preface to his first printed work he tells 
of the trouble it cost him to copv with the pen : 
** My hand weary and not steadfast, mine eyes 
dimmed with overmuch looking on the white 
paper. Therefore I have practised and learned 
at my great charge and dispense to ordain this 
said Ixwk in print after the manner and form 
as ye may see, and is not written with jien and 
ink as ottier books be, to the end that every 
man may have them at once, for all the books 
of this story here emprynted as see were 
begun in one day and also finished in one day.'* 

This first book printed in the English language 
was printed in Bruges under Cax ton's instruc- 
tions ; but after he had made England his home, 
and had taken service as a kind of household 
manager and secretary with Maigaret, Duchess 
of Burgundy, sister of Edward IV., he brought 
out the first English book actually printed m 
England — ** Diotes and Sayings of the Philoso- 
phers,” published in 1477. Caxton no^ s<a 
up a printing press at the sign of the Red Pah , 
in the Almonry at Westmmster, and although 
he was now growing old — he died alxiut 1491— 
he threw himself into his new work vith an 
energy which would have done credit to youth. 

Development of Printing. The publi<* 
seems to have been taken at once with tlie 
opportunity thus offered of having an almost 
unJimited number of copies of some popular 
work put into circulation at the same time. 
Engl and cannot claim to have been the first to 
bring out printed books, but she may claim to 
have been the first to make the orinUng of 
books a regular institution, and to have found 
for them a steadily inereasing public. 

Oaxton was a lover of literature, and he gave 
to the worid printed versions of ail the English 
poetiy then to be had, foremost amongst which 


was his edition of Chaucer’s “ Canterbuiy 
Take.” He collected and printed the poems 
of Gower, he gave to his readers a version of the 
JCneid, taken from a French translation, and 
some of the writings of Cicero. Caxton's own 
tastes led him to a pure and simple English 
style, free from the pedantic affectations de- 
listed in at that time by writers who had not 
yet recognised the fact that a new epoch was 
arisii^ for the English language as well as for the 
English people. He made translations of his own, 
and he help^ to put together many books which 
had to do with the trade and commerce of the 
time. Many of the productions of his printing 
press are still preserved, either in complete 
copies or in treasured fragments, kont as heir- 
looms in families or carefully guardea in public 
institutions. The printing art spread rapidly 
over a great part of Europe. Tliere were printers 
busily occupied during the da^ of Caxton at 
Rome, Venice, and Milan, while France, Germany, 
and tile Low Countries became occupied at a 
very early period in the great now movement. 
A new world of letters was beginning to grow 
up, and the clearest practical evidences were 
given that humanity was no longer content 
to live intellectually on the liequests consigned 
to it by the ancients. Science was also bwin- 
ning to makes its existence known — soienoe, &at 
is to say, as we understand it now, the study 
of actual realities, and the discovery of systems 
founded on careful calculation and comparison 
of figures and facts, and not the mere theories 
and exalted speculations of gifUnJ philosophical 
imaginations. 

Invention of Gunpowder. Not very 
long liefore the discovery of the art of printing 
— indeed, almost about the same time— another 
art had been discovered which had a very 
different effect on the whole sulisequcnt history 
of minkir'l from that wrought by the use of 
printing — the art of making gunpowder. The 
invention of gunpowder is generally believed 
to have been the birth of one of the closing 
yeirs of the fourteenth century. There arts, 
in leed, some theories that it was in iim^ long 
b •fore that time in China and in Hindostan, 
and it is certain that Roger Bacon, who died 
in 1292 or 1294, mentions m one of his treatises 
the existence and the use of such a composition. 
But the uses of gunpowder as the peat weapon 
of war had only come into recognl^ and uni- 
versal application a short time before the printing 
press had created a new era tor literature, 
for science, and for popular education. 

The earliest effect of this new mgredient in 
the making of war was to render the sovereigns 
and nobles more powerful than they had ever 
been, and to give, for the time, a lessening chance 
to any popular efforts towards the resistance 
of tyrannical and oppressive laws and forces. 
When the weapons to be used in war were only 
made of iron and steel, the peasant insurgent 
could use his edged and pointed weapon, miw- 
ever rude its construction, with much the same 
effect as the knight could use his burnished 
swotd blade or polished lanoe-head. But the 
making of gunpowder required science and skill, 
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large capital, and the employment of scientific 
artificers, and was not to be accomplished by 
sufferers from oppression who belonged to the 
humbler classes. There came a time, indeed, 
when gunpowder was made to serve the cause 
of popular revolution as it had served the cause 
of dynastic and feudalistic oppression, when it 
liecame the servant of plebeian uprising as readily 
as that of patrician down-trampling. 

Christopher Columbus. The discovery 
of that vast region which we still call the New 
World belongs to this period. Christopher Colum- 
bus was bom in Genoa, in 1447, and was brought 
up by his parents to the business of a wool- 
comber. He soon developed a passion for the 
life of the sea, and at fourteen years of age he 
became a sailor. The vessel on which he was 
engaged had many fights with roving galleys 
belonging to Tunis, and the young man under- 
went several perilous adventures. As the result 
of one of these, he had to escape on a plank 
from shipwreck, and was flung ashore on the 
coast of Portugal. He settled in Portugal for a 
time, and there became possessed with the belief 
that a new way, and the best way, for reaching 
India would bo by sailing westward. Ho 
formed elaborate plans for an expedition with 
that purpose. He submitted his pniject to King 
John TI. of Portugal, later to Henry VII. of 
England, and still later to Isalx'lla, Queen of 
Castillo His plans were at first rejeeted, but 
Columbus was persevering, and pressed them 
again nnd again, and utter seven years of 
alternating hope and despondency he succeeded 
in securing the patronage and support of 
Ferdinand and Isabella — then rulers ot Spain 
His plans were accepted in .\pril, 1492, and on 
August 3rd in the same year C^ohimbus, now an 
admiral, sot out on his Voyage of discovery in 
command of a small vt*ss<4, tlie Santa Maria, 
with a crew of fifty, accompanied by two smaher 
boats. In his first voyage lie came upon the 
Baliamas, and afterwards reached Cuba and 
Hayti. In his second voyage he came upon 
Dominica in the Wi‘st Indies. Those voyages 
were disturbed by many wrecks, and he found 
it hard to keep up in his erew the nerve and 
the patience needed for such adventures. 

Discovery of America. After many 
•quan-els with his associates and a long illness he 
returned to Spain in deep depression, but not yet 
content to abandon all his hopes. He organised a 
third expedition, the result of which was the dis- 
covery pf the South American continent. His 
lost great enterprise was a voyage in which he 
found his way to the south side — the Gulf of 
Mexico. Columbus had discovered North and 
South America, won for himself an undying 
fame, and opened out an entirely new world for 
all explorers and settlers. The fame he acquired 
was not the fame which he had sought, and it 
ought almost be said that he became, in spite of 
bimself, the greatest discoverer of new realms 
that humanity had ever known. 

We shall have to trace the ^owth of North 
and South America, and espeomlly the manner 


in which the northern continent came to be one 
of the most important and powerful among the 
states of the world, the shelter and the home of 
people from all regions of the earth, and how it 
gave to the repitlnioan principle of government 
it« most enduring illustration since the birth of 
Christianity. Columbus settled in Spain after 
his great discoveries, where his most powerful, 
enlightened, and generous supporter was Queen 
Isabella. But the greatness and importance of 
his discoveries made enemies for him ^ere, 
because ambitious nobles and others believed 
that Columbus was bent upon a career of self- 
aggrandisement at the expense of all opponents. 

Columbus died on May 20th, 1506, at Valla- 
dolid, little more than a year and a half after 
the death of his patroness and friend Queen 
Isabella, and at the time of his death he was 
sufTering severely from the injustice and persecu- 
tion employed against him b^ the Spanish 
Government. It is a oharacteristie illustration of 
how Columbus failed to have early justice done to 
his career that the two great continents ^ioh he 
discovered should not have recognised him in 
their established name. We have North America 
and South America — tlie name of each continent 
taken from that of Amerigo Vespucci — a 
Florentine who w'a'^ a provision contractor at 
( 'adiz. During the early part of Columbus’s career 
Amerigo Vespucci had contracted to supply him 
with provisions for some of his e^^ditions, 
and later on he made a voyage to the New World 
on the track of Columbus, on the strength of 
which ho afterwards claimed to have been the 
first to discover the continent. 

The First English Settlement in 
America. That New World remained for 
a loi^ time mainly an exploring ground for 
Spanish colonisation, and the names of Cortes 
and Pizaro will always be associated with 
certain parts of it. There were many French 
conquests and colonisations there — ana, indeed, 
most of the states of Europe sought for 
settlement on its territory. The first English 
settlement m America was accomplished by Sir 
Walter Raleigh, at Rowanoak, Virginia, which 
was called aher the Virgin Queen Elizabeth. 
The discovery of the New World, and the 
opening it gave to the enterprise of Europe 
come appropriately in this chapter because 
they bear testimony to the spirit of practical 
and scientific discovery ana inquiry which 
forms so impressive a characteristic of the 
whole period. The struggles going on about 
the same time between rival states in Europe did 
not prevent European sovereigns from encourag- 
ing adventurers and explorers of every kind to 
seek out territory in the newly-discovered world, 
and to annex new dominions to the seignorial 
possessions of Eurbpean crowns. The two great 
American continent give evidences of the rush 
which was made upon them by foreign invaders, 
but while North America came more and more 
into affinity with England, the continent of 
South America was from first to last the colony 
of various states on the continent of Buropb. 


CanUnuti 


3606 



TRACK EQUIPMENT 

Raihvftj Joints, Crossings, and Points. Friction on the Rails. 
• Water Supply. Culverts, Fencing, and Platform Structures 


Qroupti 

CIVIL 

ENGINEERING 

25 

lull WAV (<ovniii)LTioir 
contliiiwrt from p«ip» f4t7 
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Rjdl Joittta. The simple expression rail 
foirUB comprises what has always been, and 
still is, one of the main difficulties of making 
a satisfactory railway. The forms of joint are 
innumerable ; none is perfect. A common form 
is i^wn in section in 61. 

To understand the requisites for a good rail 
joint it is necessary to have a clear idea of 
the mechanical action of the loaded wheel 
passing along ^e rail. The rail is bent concave 
upwards between the sleepers between which 
the wheel is at the moment, and concave 
downwards both in front and l^hind, but 
particularly in front. The action will be better 
understood in detail W the light of the theorem 
of three moments. Ihus, as an engine mov^ 
over the line it is accompanied by a wave in 
the rails which subjects the upwr and lower 
flanges alternately to tension am compression. 
Vvhen this wave reaches a joint in . 

the rails, it reaches, imfortunately, 
a place at which the resistance 
offei^ both to tension and com 
pression is less than elsewhere. 

Consequently the rail, the 
imme^te support of the 
wheel and flange, gives way 
unduly at this spot, and from 
the very fact that it gives ^ 
way, this spot, of course, re 
ceives heavier jolts than any 
other part. There is a 
popular belief that the 
shock which is often 
distinguished in a rail- 
way carriage as the 61. common for: 

wheels pass over a joint, 

is due to the gap provided for the ei^nsion of 
the rail on a rise in temperature. This, how- 
ever, is not the case. Similar gap filed in the 
head of the rail away from the joint cause no 
appreciable shock as the engine passes. The jolt 
at the joint is due to the wealmess inherent in 
the joint, and until the perfect joint is discovered 
the jolt is inevitable. 

The Miffneaa and moment of resistance of a rail 
at the joint should, be the same as elsewhere. 
This condition has been the aim of all designers 
of rail joints, and it must be the object of all 
whose busineBS it is to see that rail joints are 
made and maintained that these conditions are 
as nearly perfect as circumstances permit. 

Prorialoa lor Jointa. The joint m 
Buppevted by placing the sleepers on each 
moe of it closer togewer than the others. In 
Hght railways the joint may be placed on the 
top of a sleeper. This method cannot be upd 
on heavier Imes, as the weakness of the joint 







61. COMMON FORM OF RAIL JOINT 


causes pressure at this point to be less distributed 
than elsewhere, and the sleeper over which the 
joint is placed is soon knocked out of level. 

The plan of making the rails break /oinf— 
that is to say, placing the joint of one rail 
half-way between joints of the other— is some- 
times practised. 

Care must bo taken that the proper odd lengths 
of rail are used in curves, as otherwise the sleepers 
will oomo to be unevenly distributed, producing 
an ununiform road-bed. Thus, if there be a 
sleeper at each joint and flve between, the efleot 
of the joints in the inner rail being displaced 
forwards on rounding a curve is to bring the 
sleepers under the first part of the next rail 
nearer together, and this defect continues after 
the curve is passed and until corrected. The 
advantage of making the rails to break joint 
is the increased resistance which is thereby 
given to any lateral dis- 
Z' placement of the line. 

I In genera), the joint 
‘ sleepers in the case of a 
suspended joint should 
be a distance apart eqml 
to six-tenths of the dis- 
tance apart of the inter- 
mediate sleepers. A 
suspended joint is a joint 
placed between tu o 
sleepers, which ani calloil 
joint sleepers, ITie ad- 
vantage of longitudinal 
V sleepers in facilitating 
the design of a good rail 
[ OF RAIL JOINT joint wilJ now be under- 


[ OF RAIL JOINT joint wilJ now be under- 

stood. 

Testing of Raile. Rails are generally 
tested at the works where they are rolled, 
those responsible for the quality of the material 
used for the railway stipulating for facilities 
for overlooking the whole process of manu- 
facture. Both chemical ana mechanical tests 
are required to establish the value of a steel rail. 
The suitability of the metal chiefly depends upon 
the quantity it c’ontains of various metaloids— 
carbon, phosphorus, silicon, and sulphut. The 
effect of these substances upon the proporUes 
of steel may be studied in another section. For 
the present purpose it is sufficient to say that 
sulphur should be absent, phosphorus should not 
exceed 1 per cent., silicon should not exceed *2 
per cent., carbon should exist in quantities 
^tween *33 and *45 per cent., a rather larger 
proportion being allowed for heavy rails, but 
not more than *56 per cent, in any case. 

A hig h proportion of carbon renders the rail 
veiy much harder, and therefore more reiHstant 
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to wc^r, but at the same time it rendere it 
brittle, so that a high proportion of carbon is 
suitable only for strong, well-built roads, over 
which a great deal of heaver trafKo passes without 
much shock. From this it will w seen that a 
high carV>on steel is not suitable for new con- 
struction at all, since, however carefully built, 
a recent construction is always liable to irregular 
settlement, and new roads seldom have very 
much traffic to deal with at first. The presence 
of nickel adds to the durability of a rail, and 
nickel steel rails have 
been used for this reason 
on curves over which 
heavy traffic passes, 

V--- 


>mt the advantage here 
conferred has to be care- 
fully balanced against 
the extra cost of intro- 
ducing the nickel. The inspector for the railway 
js usually furnished by the manufacturer with 
an analysis of the steel made each day from 
drillings taken from a test ingot. 

Mechanical Teele. The mechanical 
tests include the ordinary determinations of 
elastic limit, ultimate strength and elongation 
at rupture, but in default of these or in addition 
to them it is very common to resort to the 
drop test. Where rails are not specially 
rolled for the constmotion of the road, the 
drop test furnishes a ready means of ascer- 
taining the quality of the metal of M'hich 
they arc composed 

I'he Drop Teat. For 
test the rail is placed on 
solid supports 3 ft apart, 
and a ion weight is 
allowed to drop upon the 
rail mid wav between the 
supports ^rhe total length 
of tlie rail should not exceed 

ft., or the weight ot the 
o verhanging portions will 
add to the resistance of I hi* 
central i>arl. For rads of 
50 lb. W’cight to the yard the drop should 
be 14 ft , and 1 ft. may Ik* added for each 
increase of 5 lb. in the weight of the 
rail pi*i* yard 

The rails should correspond aecuratcly 
to the prttfjcribed weight. Variations in 
section should not cxotHjd ^ in. ; varia- 
tion in length should not exee^ } in. 

The holes fot the bolts at the joints 
must be accurately placed, and must be 
clean— that is, free from burrs. 

Rails must show no irregularity on 
top, but be perfectly smooth; the ends 
must be cut precisely at right angles and 
all burr removed, it is convenient if the name 
of the manufacturer be rolled in raised letters 
on the side of the web of the rail, together with 
the date, and it is sometimes nrovided that the 
number of tlie ** blow shall he stamped there, 
so that if a number of rails from one blow 
prove defective, the remainder may be identified. 
The AetU treaimetU of steel should be studied in 
the article on metalhirgy, as the future useful 
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service of the rail iffeatW depends upon it. 
Rails being the essential things about a railway, 
it is impossible to know too much about them. 

Polnto and CroMinga. The advantage 
of constructing the tyres of the wheels of rolling- 
stock with flanges in order to guide them along 
the rails is accompanied by the drawback that, 
whenever it is desired to transfer rolling-stock 
from one set of rails to another, the contmuity 
of the latter must be broken. Gaps set in the 
rails to permit the passage of wheel flanges are 
called crossings. 

The Frog, A dia- 
gram is given [52] of the 
gaps provided at the 
place where two lines 
of wny first come into 
contact ; it is often re- 
ferred to as a frog. The 
point in the middle where the dotted lines are 
seen to cross each other is the centre of the 
crossing It will be seen that the two rails 
approaching other from the left meet in 
a jKiint w'hich is not extended to the centre of 
the crossing, but rounded off before this is 
reached. There is danger lest the flanges of 
wheels passing from right to left should strike 
this point if it be advanced too close to the 
centre of the crossing Under any circum- 
stances it is a place that is subjected to 
special wear, and must be fixed and 
strengthened with special care. The rails 
approaching each other from the right 
arrive at their minimum distance apart — 
rt*ferred to as the throat of the frog — at a 
point about as far from the centre of the 
crossing as the termination of the other 
rails The rails then increase their distance 
apart, and pass on each side* 
of the opposing rails, forming 
a guide for the* outer side of 
the flanges of the wheels of 
the rolling stock, and are 
finally splayed out to avoid 
any danger of being struck 
by the flanges of whoeds com- 
ing from the other direction. 

The Angle, The in- 
clination of the two sets of 
rails to each other is the angle 
of the crossing ; it is com- 
monly referred to by number ; the number 
is half the cotangent of half the angle. 

Clearance, Lines may cross each 
other at any angle. In oroer to under - 
63. lARiifi stand the provisions which should be made 
ANULE to enable this to be done with safety, it 

CROSSING must be remembered that the flanges are 

upon the inner sides of the wheels and 
project about an inch beneath the level of the 
top of the rails, also that the distance between 
the side of the flange in contact with one 
rail and the side of the flange in contact with 
the other rail is rather lees than the gauge 
of the railway — ^that is to say, there is 
always some play or clearance b^ween the 
rails and the wheel flanges. When two 
lines of way cross at a large angle, as is 




S'.zs srb.~i r. “i 

When, hoflww, m in 62, the croBsing is made '^*'**’ '"*""■ 

at a small angle, the Jolt is very tly dim- TC i^ruU^nnXftonV': 
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inished, if not entirely obviated. The effect of 
the acuteness of the angle of crossing is to 
bring the gaps in the rails into the form of an 
eloiwtod parallelogram ; and since tlie breadth 
of the tyres of the wheels is always made greater 
than that of the top of the rails, the wheel will 
have already reached the new rail before it has 
entirely left the old. 

Guide Rails. It will be seen in 53 that 
adutional rails are provided inside the usual 
rails to guide the whw'ls by confining the move- 
ments of the flanges on their outer sides. This 
has already 
been refcrriKi 
to in 52 The 
effect of these 
is to provide 
that at the 
moment w’hen 
one M heel is 
jmssing a gaj), 
and therefore 
not 80 com- 
pletely under 
the guidance 
of its flange as 
at other times, 
the other 
wluH^l fixed to 
the same axle 
provided 
^ith a rail on 
each side of its 
flange, so that 

any tendency to movement from side to side is 
sufficiently opposed. 

®witciie» and Points. One means of 
diverting a train from the track ujkji) whuh it is 
running to another line of way has lieen sufh* 
ciently described in the account which has Insm 
grven of the contractor's or teniiKirary railway. 

^ese contractor's crossing and 
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point, together with the stock rail or ordinarv 
^1 with which it is associutod, is given in 54 
raat illustrated m the photograph 

[55]. The length of the switch, often calk'd (oruisr 
rail, 18 usually about 16 ft. At the thick end 
it 18 pivoted, and here its oross-section is the 
same as that of the stock rail ; its distance from 
the stock rail at tliis end must be sufficient to 
allow the flanps of the wheels of the rolling 
stock to pass between. At the other end it is 
pomted, and the movement of the pivot is to 
enable this end to be moved, either away from 

the stock rail 
HO that the 
flanges of the 
wheels can 
pass at this 
end also, or 
close against 
it, HO that the 
f>oinl conn's 
iiclwecii the 
mIiccI flange^ 
and tin* stfs-k 
lail, thus di- 
verting the 
wheel a n d 
causing It to 
roll iifion the 
Hwiteii 
C r o a a - 
over Road. 
Fig 66 shows 
d j a g r a tii - 


have 


— stub switches 

been constructed with elalKiraiion for 
permanent use, but have not tieen found satis- 
t^to^. On the permanent way the diversion 
01 rolling stock is now universally accomplished. 


raatirally the very ordinary arrangement pio 
vided for erossing from one to ariolluT of two 
parallel roiuls 'Pin* position of tlie frogs and 
HWiU’hes and the guide lails will at once be 
recognis(Hl Tin* jihoto (55] also eonlauiM several 
illustrations 

Trailing Pointa. It Hill hc^ seen f681 
that triiins passing from A to It eoitn upon 
the point rails at the hal oi pivot end first 
Thus, whatever the ffosrtion r»f th points, Die 
direction of the train (oidd not he adeciod 
by them, and the presMiire of the flanges of its 



56. ORDINARY CB088-0VEB ABRANOENENT OF RAILS 
®^^5j*tin8ta.noe, by means of A switch and com- iii!ieels would t«*nd to press the 


by an elbow or “ L,” a gap in the rail, of 
which an example will be seen m the centre of 34. 
The fMMids or ewUehes are names given to 


ini rails 

into their right position and retain them there. 

Facing Pointa. On the othiMr hand, trains 
passing from B to A would come upon tho 

mi 
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68. THREE-THROW POINTS 

point rails, point first. Thus, if these were not 
m the right position the train would go wrong, 
and if, while the train were passing, the puinta 
where changed in position, the train would be 
broken in two, by the latter part of it being 
diiTerently directed to the first. Facing points 
sre, therefore, very much 
more dangerous than 
trailing points, and 
should be avoided 
wherever possible. 

Thus, if 66 be taken to 
represent a double line 
of way, the direction of 
traffic would bo from A 
to B and from D to C, 
and not the other wav 
about under any avoicl- 
abk ciroumstanw. 

LocKlng«bar. In 
places where facing 



/ 
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points cannot be avoided 


TITBN-OIJT PROM 
MAIN UNE 

the mechanism bv which the points are shifted 
is best connected with a bar called a locking- 
bar, disposed on the inner side of one of the stock 
rails so as to Ins locked or fixed in its position 
by the flanges of the wheels so long 
as a train is passing or standing over 
the points. Ihc points, bemg im- 
movable while tlie locking-bar is 
fixed, are kept in one position, 
whether right or wrong, until the 
whole train has moved by. The 
mechanism by which the points are 
moved is simple in principle but 
exceedingly complex in applica- 
tion. It consists essentially of a 
series of links and elbows or Ml 
cranks, such as are arranged by 
the bell-hanger about the domestic 
house. Sihee movements must 
be provided in both directioiis, 
rods must generally be used 
instead of wires, and the * 
levers are usually connected 
with the signalling apparatus ' ’ ‘ 

in such a way that th/t posi* 
tion of the points is known by 
the position of the signals. 

latgrlpcRIiif • The details of the 
meohanisiii by wfaiob these effects are 
pfodttoed and controlled from the signal- 
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box are various and complicated^ 
especially at crowded junottons, 
where there are often many acres of 
ground covered with crossing and 
branching luies of way. In tl^pse 
situations electric methods are now 
being introduced. 

Vnrietiea of Points. Points 
are not necessarily provided with more 
than one tongue. Thus, in 67 is 
shown diagrammatioally what are 
still called points, though only one 
is, in fact, a movable point. It will 
be seen ^at the movement of this 
switch at the bottom of this figure 
will Bufiioe to change the direction of 
a pair of wheels coming from the right, so that 
on reaching the fixed point at the top of the 
figure the flange of the wheel on that rail will 
aheady have l^en brought into the right position 
to pass it, whether on one side or the other. In 
68 three-throw points are shown diagrammati- 
cally. Here more than 
one set of points are 
introduced at the rame 
spot, and a train com- 
ing from the right may 
be sent in any one of 
three directions. Neither of these devices 
arc* suitable for main line traffic, but arc often 
useful in station yards where the space is confined. 

Safety Pointa. These are points main- 
tained by means of a weight or spring in such 
a position as would send a train or engine, etc., 
into safety when approaching them as facing 
points. In order that the train or engine, etc., 
may be sent in the alternative direction, some- 
one must lift the weight or release the spring. 
There are many situations where this device 
is useful ; it is often provided for sidings lest 
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the trucks therein be blown by wind or other- 
wise brought on to the mam line by accident 

Deniga. Points and crossings are critical 
parts of the permanent way ; the^ are subject 
to special wear, and must he specially designed 
and supported The great majority of railway 
accidents are due directly or indirectly to defects 
m their parts. The approximation of the 
sleepers has already been shown m 84 The 
acti^ dimensions of the metal contained m 
the frogs and switches depend upon the sec- 
tion of the rail in use, the gauge of the Ime, 
and other circumstances A junction or cross- 
ing may have to be effected at very different 
angles 

One line may be straight and another 
curved, or both lmes may be on the curve, 
and they may be curving m the same or 
in the opposite direction, mtroducmg 
trigonomotrioal problems of some 
complexity. 

A Turn-out. In 59 tlie simple 
case of a turn-out from the main lines 
18 exhibited diagrammatically Here G represents 
the gauge of the railway m feet, R the radius of 
the curve by which the turn out is effected, and 
A the angle of the ciossing ; L, the distance in 
feet between the springing of the curve from the^ 
mam Imes and the centre of the crossing, is 
called the lead Ihe follow mg relations are 
immediately obvious : 

L n cot ® 

1 - COS H '2 

The two rails of the line turning out of the 
other have, of course, radii of curvatuies differing 
V>y G, the width of the gauge sepaiaiing them 
R IS the radius of curvature of the centre line 

A convenient form for 
e xpressin g the lead is ^ 

Rj)(t, m which R, 
and Rj are the radii of curva- 
ture of the two rails rc- 
sjiectively 

In the foregoing, it is 
assumed that the jiomts are 
placed at the springing of the* 
curve and are themsmves curved 
to the proper radius , also, 
that the lines of the frog are 
also curved. These conditions 
rarely obtain except in street 
railways when curves are sharp , 
consequently, m careful work 
the fact mat these portions 
of the turn-out are straight lines 
must be taken into ac- 
count. It is, perhaps, 
well to point out mat con- 
siderations of space have 
<i*osed the curves in 69 
to be drawn very much 
sharper than they would 
he made upon tne main 
lines o£ an ordinary 
pesssngBr railway. 
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61. CBOB8-8EC3TION OF CUT.VKRT 

Weight of Rails. The pio|Mir weight of 
rails for a railway may be calculated from the 
following formula* 

wcMght j)or yard (Imoar) — 17 (K ()00l 
where R is the maximum load on one wheel m tons 
and V IB the maximum speed m miles pei. hour 
Thus, it the maximum load on one wheel wore 
10 tons and the maximum speed tO miles per 
hour, the rails should weigh 87 Ih per yard, or 
about 75 tons poi mile of single line 

Curve*. Tin* curve's of a railway are 
described nlher according to the length of thi) 
ladius of the circle of which they foim jmtt of 
tlieeireunih*ren( < , oi aci ord 
mg to th(> angle at thocn'iitio 
of the cncle which is sub 
tended by a ehoid 1(K> ft m length 
Thus a fldegifi* curve would Ik*, 
appioximatycly, the same as a niive 
having a riulius of 95.'» ft , and a 15- 
chain curve would U, approxi 
maU'ly, the same ns a 5 dc g 44 mm 
( urve The amount cif c tiivature m 
usually referred to as so many 
degrees jKcr mile of line - that is to 
say, the total iiuniliei c)f dc»grcc^ 
cure unist rilwd dividend by the length 
of line eircumsenbmg them 

Friction on Curve*. The 

c^xtra wear and rosistanee 
to trn< tion clue to eurva 
turc IS of course greater 
on a sharp c urve than on 
a comparatively flat 
curve, but the length of 
the latter is projioftion- 
aU'ly greater, so that the 
aggregate effect of the 
curvature is governed by 
the ma^itudo of the 
sum of central angles 
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of ike curvM about which the ate turned. 
Cumrature to the amount of 600 deg^ee8 peac mile 
would have the effect of doubling, approximately, 
the resistance to tradaon ; it would indeed offer 
about the same resistance to traction as an 
incline of 1 in 100, and be very much more ob- 
jectionable— first, because the resistance would 
be the same both ways ; secondly, because the 
wear would be much more both on 
rails and wheel tyres. 

The interaction of tyres and the 
rails will bo best understood by re- 
ferring back to 87. The surface of 
the former, which comes into contact 
with the top of the latter, is called 
the tread* This is alwaj^ shaped in 
the form of a cone. The coning is 
slight, and not sufficient to be very 
obvious, but, were the surface of the 
treads to be extended, a double cone 
would be formed, having an apex on 
the outer side of each wheel and in 
lino with the axle. Hence, when run- 
ning upon a straight portion of the 
line of way, the wheels will tend to 
take a central position, with each 
flange clear of the rail. When run- 
ning upon a curve, the flange of the 
wheel on the convex side of the curve 
will be scraping against the side of 
the wheel, except so far as this is modifled by 
guperelevaiion, ^ich will be explained later. 
The effect of the wheels being flxM to the axle 
and thus necessitating the slipping of one of 
them an inch for every degree of curvature, has 
already been dealt with in treating of the wear 
of the rails and length of the rails This effect 
is in some degree modifled bv the coning of the 
heads, since Uie portion of the tread in contact 
with the outer rail is rather larger in diameter 
than the portion of the tread in contact witli the 
inner rail, and will therefore move further than 





about a vertical axis. It is sufficient to point 
out here that the absence on railway trucks, etc., 
of anything equivalent to the lookmg apparatus 
of a ro^ oarriam, causes on curves exactly the 
same amount of scraping and friction withttho 
road as would result ifrom turning a comer wit2\ 
an ordinary four-wheeled vehicle when the 
locking was jammed fast. While passing round 
a curve the carriages of which a train 
is composed form angles with each 
other, and on any change of curva- 
ture or reversion to the straight 
the buffers of the carriages— when 
lightly coupled — grind against each 
other. 

In modem railway design, the 
numerical results of the effects of 
curvature upon the capital and annual 
expenditure is carefully calculated. 

Superelevation. According 
to the first law of motion [see Phy- 
sics], a train will continue to move 
on in the same straight line until 
acted upon by a force sufficient to 
divert it. On reaching a curve in the 
line this force is supplied by the 
pressure of the outer rail of the curve 
on the flanges of the outer wheels 
of the train, save as hereinafter ex- 
plained. It is, of course, undesir- 
able that all the pressure should be provided by 
pressure on one side of one rail, when by 
raising the level of the outside rail of the 
curve sufficiently above that of the inside 
rail of the curve the needful pressure would be 
exercised by both rails, and upon their upper 
surface. 

The outer rail of the curve should, therefore, 
be raised sufficiently that the component of the 
force of gravitation in a plane parallel to that of 
the rail-tops shall suffice to divert the path of 
the train to the degree required by the curvature. 
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68. COMMON TYPE OP POST ANX> RAIL FBNCX 


the latter during a given number of revolutions. 
Thus on a curve of about half a mile radius there 
would be little or no slipping from this particular 
cause. There remains, however, another result 
of curvature of the line, and by no means the 
least important AU road carriages have a 
lociUng arrangement as it is called— that is to 
say, the axle upon ndiich the two front wheek 
are attached, aid to which the shafts, or. In a 
niotor*car, the steering-gear k fixed, k movable 
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The amount by which it is raked k called the 
mtperelevation. If alb trains moved round a 
curve at the same rate the superelevation could be 
calculated to fulfil perfectly the conditions above 
set out, BO that the wheek would pass with their 
flanges equidktaat from the rail^ as before ex- 
plaitted. However, all trains do not move 
round a curve at the same rate, so aconupromise 
must be adopted aoeording to the traffic con- 
ditions. Tim applKMitkm of Semen tMymacdiatti 


will show the siiperelevatioii for a line of 
standard gauge to be *4 ^ in feet, where V is 

the speed of the train in miles per hour and 
R the radius of the curve in feet. Of course, 
on curves with an up grade the average speed, 
and therefore the superelevation, will be less, 
and where trains are to pass in both directions 
another compromise must he effected so that 
superelevation only partially counteracts one 
source of friction upon curv^. 

Tranaition Curves. So far, it has 
been assumed that the curves of a railway line 
are throughout the arcs of circles. Now, n circle 
is a curve of uniform curvation ; immediately 


OlVIL KMOINMIIINS 

the curve, being there too much and hoK* too 
little, and causing a lurching of the train voiy 
unfavourable to steady running. 

Obviously, therefore, the right thing to do 
is to l)egin the curve at tangent |ioint with a 
circle of intinite radius for which the super- 
elevation would be nothing, and continue it by 
reducing tbc radius of curvature and at the 
same time increasing the su|)erelevation, until 
the desired radius of curvature and its prmHM 
superelevation were gradually attained. Tin* 
mathematics involved in such procedure is 
complicated, and though tables have been 
computed by the help of which transition can 
be made in this manner, it is more usual to 
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a train or, rather, a pair of wheids, enters upon 
a circular curve, it begins U) turn, and eontmues 
to turn at the same rate until it pa8st‘H out of 
that curve. The superelevation ought, there- 
fore, to be as great at the Iwginning as at any 
hther port of a circular curve. ' This is in 
the form of the expression for it alrea<ly given. 

depends only upon the speed and the 

radius of curvature. But the outer rail cannot 
be suddenly raised 4 in. or 5 in , as the case 
may be, at the tangent point where the curve 
begins, or similarly depressed at the end of the 
curve. The superelevation must, therefore, 
b^gin before the curve and be increased upon 


intrcxlurc* a nhort cubic parnlsila Ijctwccri IIk 
circular curvt*H and the straight jiortioriM tii.* 
line uherever required for the safety of the 
service, or for the comfort of the passcngerH. 

Hee the articles on Surveving for the meruis 
to bi* adopt wl to lay out a c‘ubie psiaboia. 

Waterways. T)ic bridging of rivers and 
brooks is dealt with in amither article. It 
lemains, however, to treat with exceptional 
rainfall. This is not conspicuous in our 
favoured laiands, but most countries at 
intervals of 10 years or 20 years (or oftener 
in the Tropics) are subject to storm-bursts, 
etc., when water appears in places which 
are at all other times dry, in quantities 
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•iilBeSeiii to demolirii kmg streiohes of railroad 
tmlftiMi provision has been made to deal^ with 
them. To this end the character of the rainfalh 
the sojK and the area drained must be examined. 
The question to decide is : How much of the 
rain falling on one side of the railway must 
pass it to the other side and in what time ? An 
moh of rain in 15 minutes is, of course, a very 
different thing to an inch of rain in an hour, 
s^e )he latter has four 
times as long to run away. 

A porous soil will soak 
up a lot of rain, whereas 
a clay soil will allow nearly 
the whole of it to run off ; 
and the same thing will 
occur on porous soil if a 
storm-burst occurs after 
a rainy period when the 
soil is saturated. If the 
drainase area stretched 
away from the railway a 
long distance, the water 
from it will arrive in more 
manageable amounts than 
if it were all within a short 
distance of the railway. 

Araa of Oponing. 

The first rough idea of 
what area of openings through the line will be 
needed to carry off water may be gained by 
applying the formula 

A^ CVS», 

where A is the number of square feet required 
for the openings, 8 the area drained in acres, 
and C a constant quantity ; to be taken equal 
to 1 or *7 for steep, rooky localities, *3 for 
rolling country, and *2 or les^ where the drainage 
area stretches away from the line a distance 
five or six times its width. 

If, then, the area drained were 10,000 aoies 
of ordinary agricultural land the number of 
square feet of opening required would not be 
less than 200 ft. or more than 700 ft. This is a 
veiy wide margin In Mhioh to exercise judg- 
ment. In order to 
narrow it down it 
will be of great assist- 
ance if thei^ are 
other roads near by 
the openings in which 
it may be examined 
and compared. If such open- 
ings have proved sufficient, 
the value of C implied by 
their sise may be introduced 
with confidence in the above 
calculation. Marks left by 
the high water of previouB ffoods should be care- 
fully sought ; in default of similar structures to 
go by* ofUm serve as a guide to the 

maximum of water to he dealt with. 

Ctilwerta. The openinm in the line to 
allow lor the appearanoe of exceptional floods 
like those for me bridging of small 'perennial 
streams, sre called eulveris. Cross-seotaons of 
these are shown in flO sad 61. It will be seen 
that they are of brick, and sabstantialfy built, 
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66. PLAN OP railway w^atxr trough 


with a strong areh above to transmit the 
pressure from above, and an invert arch with 
concrete foundations to distribute the pressure 
over the earth below. In spite of the latter 
piecaution it will frequently be hmnd that the 
culverts in a high embanki^t have been oent 
downwards in the middle by pressure of the 
superincumbent earth. Smaller culverts may 
be built in the manner shown in 62, where the 
^d elevation and lonritu- 
dinal section as weU as 
the cross-section is shown. 
Culverts, particularly a 
culvert of circular section, 
as this is, may be per- 
mitted to run full or even 
with a head as a level 
of water higher than the 
height of the inside of the 
culvert on the up side is 
called. In general, how- 
ever, it is best to make the 
culverts sufficiently large 
to prevent flood water 
“backing up“ againsthe 
railway bank. 

Pointa about Cul- 
▼erfa. It is in all cases 
important to preserve the 
embankment near the openings of culverts from 
the erosion of the water entering or leaving 
them. Thus, wing walls are often provided 
like those attached to ordinary bridges, but on 
a smaller scale. In 62 the culvert is shown 
provided with a flat face, and a channel of 
stone pitching sloped at 1 in 12 and 12 ft. 
long, is built at the down end to carry away 
the water rapidly and safely. The culvert 
itself should have a slope of 1 in 20. Cast-iron 
pifies are also useful for small culverts, and 
those too defective to carry water under pressure 
are often good enough. 

A culvert may sometimes be economically 
roofed with old iron rails placed contiguously. 
Indeed, there are a great many uses about a 
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67. SECTION OF RAILWAY WATER TROUGH 

railway to which old sleepers and iron rails 
m^ be put. 

^e earth on each side behind the walls of 
a culvert must be rammed hard and not tipped 
loosely over it to be coosolkUted by time and 
the weight of more earth on the top. Tborou^ 
ramming, as described, will relieve the culvert 
itself of much pessuie and serve to sustain it 
against the iendenoy to eurl beneath the weight 
m the bank as it aettlea. If the crown ^ a 



culvert be allowed to approach too near forma- 
tion leveh there is Bure to develop a bump 
which will be very peroepUble as an engine 
paBsee above it, and which once eetabliBhed is 
moA difficult to cure. The crown of a culvert 
^ould, therefore, be kept 3 ft. or more below 
the formation level. 

Fencing. A well-grown hedge forms the 
most economical fence where the soil, etc., is 
suitable, but it takes some time to grow. Sup- 
plemented by barbed wire to prevent trespass 
it makes a very satisfactory boundary. In- 
numerable other forms of fencing are in use. 
A common type of ordinary post and rail 
fence is shown in 68. When a wall is necessary, 
the dimensions given in 64 are necessary and 
sufficient. 

It frequently happens that gates must be 
provided in the fence to enable farmers* carts, 
etc,, to cross the lino. A common example is 
shown in 66, in which a side wicket is introduced 
for foot-passengers. It will be noticed that the 
gate-posts are squared only above ground and the 
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hundred gallons per mile are the usual limits, 
and stations for water supply should be 
povided at intervals not greater than 16 miles 
for the lightest traffic, and us close as 10 or B 
miles on roads over which the traffic is heavy. 
The general question of water supply may be 
studied in another article. 

TracR Troughs. On lines where a quick 
service is necessary, and long distances must 
be aocomplished without a stop, troughs con- 
taining water are placed upon the sleepers 
between the rails, Passing trains are Bitted 
with a scoop which enters the trough while 
moving and lifts sufficient water to enable the 
engine to proceed. Illus trat ions of such a trough 
are given, the plan in 66, and ha If -section in 
67. The aecompan 3 [ing photograph [68] sliows 
graphically the section of. a railway line with 
two water troughs. Such troughs are usually 
placed in cuttings where a natural supply of 
water can be obtained by gravitation. 

By the action of the scoop a groat deal of it 
is spilt over the lino, and special means must, 
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timber beneath is left in the rough. This gives the 
post a better hold on the ground, and providers a 
better defence against decay. The wood under 
ground should also be charred. If the timber 
below ground is not left rough, charring will 
weaken it unduly, and the post in this cose should 
be creoBoted, as skiepers are. A stout fenco 
may be conr.tructed of old sleepers where these 
are available. The slecfiers of a standard 
gauge railway being 9 ft. long permit of r fenc<» 
5 ft. 6 in. high, 3 ft. 6 in. being under ground. 
Old rails may also be turned to account in like 
manner, though there are generally other more 
useful purposes to which they may be put. 

Water Supply- The water consumed in 
locomotive boilers is a very variable quantity, 
A.nd depends chiefly upon the work done by the 
engine. On down grades it will be small, on 
up grades it will oe high, and heavy trains 
will involve a consumption greater than light 
trains, by an amount roughly proportional to 
the differenoe of weights, supposing that the 
same length of line is under consideration and 
the speeds are about equal. Fifty to one 


therefore, be takim for the drainage of the 
jM^rmanent way in them* places. The half- 
Hwtion in 68 sluiws how this may Iw' lucom- 
phshed. Two feet of slonc pitching m provided 
beneath the ballast, and 6 in. of cinder U^low 
the stone pitching where the troughs are placid, 
while at the side is shown the diminished 
thicknesses provided for other parts of the same 
cuttings. Since the surfit<*e of the watiT in tlie 
troughs is necessarily level, the rails nie inadi' to 
slopi* from the commeneement of the trough, ho 
that the scoop enters the water automatically. 
It is made to leave the wati r hy the same means. 
As to the quality of water requireil for hiconio- 
tive boilers it diles not differ from that required 
for other steam-using fiiirpose. 

Water TanKa. The water tank on the 
tender of a locomotive may contain 10 or 
20 tons of water, and tanks by the wayside 
from which the former are to ho suppHid 
must bo dimensioned a<wordingly. They should 
be placed 8 ft. 6 in. from the centre of the 
nearest track, and about 12 ft. above the 
level of the rails. U in sometimes necessary 
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to provide for the injeotioii of steam to prevent 
freezing, bnt this allies with most force to the 
water troughs desoriW. 

Stationa. Large stations are usualty 
situated in large towns, whore the arrange- 


in contrary directkms upon the mein line might 
pass each other with less delay; 11 ft is 
the usual distance between the centres of 
adjacent lines of rails. The width of land 
taken up, therefore, suffices for two store 



69. A TYPICAL SINGLE LINE ARRANGEMENT AT A SMALL RAILWAY STATION 


ments are always determined to a considerable 
degree by the configuration of the available 
ground. 

In 69 is shown the arrangement laid out for 
0 wayside station of a single line of standard 
gauge railway that is in many respects typical. 
The sidings c e and d f are long enough to accom- 
modate trains of 16 or 16 trucks, and land is 
provided to enable extensions to be made when 
and if they are warranted by future increase 
of traffic. The siding c f might be extended in 
the direction from c to c to tw'ice its length, 
and another junction with the main line then 
made. Thin would probably be the 
drst thing to be done, since it would 
provide a means by which trains moving 



70. COMMON niMSNSIOKS VOR 
FLATVOBM AND RAILWAY TRACK 


sidings on either side of the lines of rails shown. 
The platform is most conveniently made 
3 ft. high, measuring from the ballast, though 
it may be less. 

Platform Structures, No structure 
upon the platform should be less than 11 ft. 
from the centre of the contiguous line of 
rails. Other distances commonly observed arc 
given in 70. Here it will be seen that the 
ordinary width of rolling-stock for a standard 
gauge railway is 8 ft. 4 in., and its height 
above rail level 13 ft. 6 in. One foot is allowed 
between this height and that of the lowest 
structure under which it should be permitted 
to pass, which makes the least headway or 
height of lowest bridge above rail level 14 ft. 
6 in. The dimensions are shown by the dott^ 
lini's. • 

With regard to building', and other structures 
at the side of a line, 
none should ap- 
proach nearer than 
7 ft. to the centre of 
a line on which pas- 
sengers are carried 
at heights above rail 
level between 12 ft. 
6 in. and 11 ft., or, in 
the case of a goods 

line, nearer than 5 ft. 
6 in. between the 
same heights. With 
other gauges and 
different rolling- 
stock these measure- 
ments wdll, of course, 
be modified, but the 
illus^tions afford a 
concise notion of 
what has bemi found 
necessary and suffi- 
cient on lines of the 
En^h standard. 


Cominued 
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to proTide for the injeotton of steam to prevent in contrary direotioiis upon the main line might 

frosting, but tUa applies with most force to the pass each other with less delay; ll ft. is 

water troughs described. the usual distance between the centres of 

Stations. Large stations are usually adjacent lines of rails. The width of land 

sitnated in large towns, whore the arrange- taken up, therefore, suffices for two iiore 



60. A TYPlcAL SINGLE LINE ARRANGEMENT AT A SMALL RAILWAY STATION 


ments are always determined to a oonsiderablo 
degree by the condguraiion of the available 
ground. 

In 60 is shown tho arrangement laid out for 
a wayside station of a single line of stan(Urd 
gauge railway that is in many respects typical. 
The sidings c e and d f are long enough to accom- 
modate trains of 15 or 16 trucks, and land is 
provided to enable extensions to be made when 
and If they are warranted by future increase 
of traffic. The siding ce might be extended in 
the direction from c to e to twice its lenuth, 
and another junction with the main line then 
made. Thi^ would probably bo the 
^ 6nit thing to be done, since it would 
provide a means by which trains moving 


70. COMMON BIMENSIOKS FOR 
FLATFORM AND RAILWAY TRACK 


sidings on either side of tho lines of rails shoaTi. 
The platform is most conveniently made 
3 ft. high, measuring from the ballast, though 
it may be less. 

Platform Strocturoa. No structure 
upon the platform should be less than 11 ft. 
from the centre of the contiguous line of 
rails. Other distances commonly observed are 
given in 70. Here it will be seen that the 
ordinary width of rolling-stock for a standard 
gauge railway is 8 ft. 4 in., and its height 
above rail level 13 ft. 6 in. One foot is allowed 
between this height and that of the lowest 
structure under which it should be permitted 
to which makes the least hwway or 

height of lowest bridge above rail level 14 ft. 
6 in. The dimensions are shown by the dotted 
lines. * 

With regard to buildings and other structures 
at the side of a line, 
31 , T# none should ap- 

Ll jV .* ^ T nearer than 

^ ' Ofv. ; i ^ ft- the centre of 

^ j [ a line on which pas- 

I I j sengers are carried 

! I ; I at heights above rail 

J • J level between 12 ft. 

I I I 6 in. and 11 ft., or, in 
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; line, nearer than 5 ft. 

c - - a'v* -i- -i ' 6 in. between the 

\ , same heights. With 
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! different rolling- 

a stock these measure- 

ments will, of course, 
be modified, but the 
illustrations afford a 
concise notion of 
what has been found 
neoessary and suffi- 
cient on lines of the 
• English standard. 


Continued 


6616 





PHvaios 


are negatively electrified. Secondly, the pro- 
perties of such bodies closely correspond to 
those of the negatively electrified particles 
which constitute what are still called the cathode 
rays, and which we are now beginning to know 
as electrontf. “ Thus we infer,” says Professor 
Thomson, “ that the cathode particles are 
found in bodies even where not subject to the 
action of inU'Use €*lcctrical fields, and arc, in 
fact, an ordinary constituent of the molecule 
[the atom].” 

Light Under Magnetic Force. But 

the Zeeman effect will teach us far more than 
this, though such a confirmation of the cor- 
puscular meory of matter is obviously of the 
grcati^st value. It is found that magnetic fields 
influence light in a far more complex fashion 
than that hitherto described. Spi^ctral lines 
are sometimes split up into sixes and nines as 
well as threes. This indicates that the lines in 
question must be due to the vibration within the 
atom of systems consisting of more electrons 
than one. This, of course, entirely coincides 
with the doc'trines which wo have i^vonced in 
the course on Ch<imi8try, where it is shown that 
within the larger atoms there are sub-atoms, 
or systems of (sorpuscles, such as those which 
give rise to the helium atom when the radium 
atom disintegratt's. Writing a year or two 
ago, Professor Thomson says : “ Thus the l>cha- 
viour of th<* spectrum in a magnetic field pro- 
mises to throw great light on the nature of 
radiation, and perhaps on the constitution 
of the elements.” Writing also about the same 
time, I)r. Knott said: “The general explana- 
tion of the phenomenon follows at once from 
Maxwell’s electromagnetic theory of light, 
taken into conjunction with the obvious hypo- 
thesis that, in the molecules whose vibrations 
are the source of the radiation, there are electrical 
vibrations which will respond to a magnetic 
force brought to bear upon them.” 

Spectral Lines and the Theory of 
Matter. Professor Thomson predicted that 
the recent discoveries as to the relations 
between magnetism and light would help us 
to understand the constitution of tlie element-s. 
This prediction has been abundantly verified. 
Ten years after his original discovery. Pro- 
fessor Zeeman was asked to show some of 
his famous experiments, and offer the most 
recent interpretation of them, before the 
Royal Institution. He then pointed out certain 
facts which we may here quote. He said that 
“ the study of the spectral lines affords a most 
cogent support to the electronic theory of 
matter. Furthermore, it has long been known 
that in the spectra of many metals there occur 
certain series of related lines which show a corre- 
spondence in the various groups of metals. Tlie 
lines which belong to different series show the 
difference between them by the fact that they 
always behave differently under the influence of 
magnetism, but the fundamental relation between 
lines of one series, occurring again and again in 
related elements, is shown by the fact that these 
linos behave similarly to one another under the 
influence of magnetism. We have already seen 
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that some lines are separated into triplets, some 
into sextets, or sixes, and some into nonets, or 
nines. Now it is the fact that, in a group of ele- 
ments, corresponding series of spectral lines show 
the same degree of resolution, whether into tjirees, 
sixes, or nines.” In a word, the more intimately 
we study the Zeeman effect the further proof 
do we find of the relation between the elements, 
and the more nearly do we come to understand 
in what that rela^tion consists. In short, we may 
HQjy that the magnetisation of the spex;tral lines 
affords one of our very best clues to the inner 
structure of the atom. 

The latest statement of the Zeeman effect, in 
the words of the discoverer himself, may thus 
be briefly summarised : Certain spectral lines are 
divided into three in a magnetic field when the 
lines of magnetic force are at right angles to the 
direction of propagation of the light. Of these 
throe, the middle component is plane-polarised 
in one direction, and tne two outer components 
in a different direction. If the lines of force are 
parallel to the direction of propagation of the 
light, similar linos are split up into only two 
components, which are circularly polarised in 
opposite directions to each other. Hence, it may 
be argued that, in a gas which is emitting light, 
the ethereal vibrations arise from negatively 
electrified corpuscles, the size of which corre- 
sponds to that suggested by the study of the 
cathode rays. 

Charge and Maas. We hav(‘ used the 
loose and popular term “ size,” but what 
physicists are really attempting to measure is 
the ratio of the electromagnetic charge of the 
electron to its mass. If for the electromagnetic 
charge we use the symbol e and for the mass 

the symbol m, then it is the value of ^ that the 

physicist seeks U) estimate. In the course on 
Chemistry \ve have discovered thi* great and 
important complication which is introduced by 
the movement of the electron. Lastly, we may 
repeat in the most rec’cnt words what has already 
b^n said. 

In the spectra of many metals there occurs a 
number of related lines which are calked series. 
All lin(»i of ont* series arc broken up by the 
magnetic field in the same way, whether into 
threes, sixes, or nines. Not only so, the extent 
to which the linos are broken up, the degree of 
separation between their constituents, is the same 
in all lines of a given series. The reader is, of 
course, able to understand that the splitting 
up of these lines in the spectrum is merely an 
indication of the production of waves of 
varying frequency or wave length. All that 
the spectroscope does is to sort out into a band 
all the vibrations that pass through it in pro- 
portion to their frequency. The splitting up 
of the spectral lines is thus merely an indication 
of the met that a magnetic fleld is able, under 
certain conditions, to alter the vibration fre- 
quency and wave length of part of the light 
produced — this being doubtless accomplished 
by the influence of we field upon the oscilla- 
tion or rotation of the electrons within the 
atoms of the luminous substance. 



All the Facta Coaaiatent. As we have 
seen, oorrespondlng series of spectral lines in 
different elements — elements forming groups in 
Mendeleef s table of the Periodic Law— show the 
same^type of resolution of the lines constituting 
the senes, and show the same amount of separa- 
tion of them. Hence it is inferred — and this is 
most important— that all the lines constituting 
a series of spectral lines are produced by one 
oscillating or rotating system of electrons within 
the atom, and therefore that the number of series 
of lines in the spectrum of any “ element ” indi- 
cates the number of oscillating or rotating 
systems contained in the atom in question ; and, 
lastly, that in a group of related elements tlu* 
oscillating systems giving rise to corresjionding 
series of spectral lines arc identical. 

It is of some interest to notici* that the amount 
of separation (due to a magnetic ticld) of the 
components of a s})ectral line is proportionate, as 
might be expeeted, to the strength of the mag- 
netie field. This fiict, curiously enough, atfords a 
service for the student of magnetism. The most 
accurate means, and by far the most delicate, 
of measuring the strength of a magnetic field is 
to be found in measuring the effect of that li«‘ld 
in resolving the spectroscopic lines in the light 
of some element made luminous for the purpoM{\ 

The Countleea Number of Spectral 
Lines. We ar(‘ in the middle of a subject which 
is of the greatest inherent difficulty, and which 
is still further complicated by its newmc'ss, and also 
by the number of its relations to other subj<M*tH. 
One of these is so very interesting that w'c must 
try to elucidate it — its interest consisting in its 
bearing upon the corpuscular theory of matter. 
Professor J.J. Thomson has lately laid down the* 
proposition that the number of electrons c'onsti- 
tuting the at/Om of any element is strictly pro- 
portional to the atomic weight of that element ; 
and, furthermore, that the actual number is not 
a large multiple of the atomic w<ught. Now, if 
this be so, as several lines of argunumt would 
appear to show, bow is it that tlie Hp(*ctra 
characteristic of various elements seem to display 
no limit to their complexity ? How is it that 
the number of spectral lines is limited only by 
the measure of dispersion — the more complete 
our arrangements for dispersion being made, the 
greater being the number of spectral lines, while 
no signs of any hmit can be deter t(*d ? If we an* 
to assume that each new spectral line dr^rnaridK 
the existence of another ehvtron in the atom, we 
cannot possibly accept th(* profioHitifui that the 
numlier of elw'trons in the atom is only a com- 
paratively small multiple of the atomic weight. 

Significance of the Spectral Lines. 
But Professor Thomson asserts that we I'annot 
deduce the number of elw^trons in the atom 
from the number of sfie<'tral lines which we 
see when the light produced by the atoms of 
any given element is analysed. He assigns 
reasons for believing that a very large numlMT of 
spectral lines do not indicate at all the internal 
structure of the atom, but depend upon the 
formation of new systems of electrons — of a 
more or less temporaiy and unim^rtant 
character — between certain of the electrons 
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within the atom and their surroundings. On 
this theory it may be possible to explain the 
apparently inffnite nuiiilHT of spectral lines. 

We have still before us the great subject of 
colour and of the relations of various colours, 
as also the fascinating but exeoiHlingly difficult 
study of colour vision. Then. also, wo must 
discuss, ill very considerable detail, ihv subject 
of polarisation, to which some allusion was 
* made when we wen^ diseussing tlu' hisUiry of 
our knowledge of light. Thereafter there will 
remain for our study various forms of ethereal 
vibration, such as tlie Koiitgen rays, our know- 
ledge of which is comparatively new, but whieh 
are of the very greatest importance and interest. 
Meanw’hilts however, we must return, as hrielly 
m jiossible, to a subjoet- whieh is now coming 
to take a very important place in physics, 
and which is of the highest philosojihic interest, 
siiiee, though it may he studied experimentally 
in the H])aee of a few eubie inches, it has to he 
reekoni'd with as a factor in the causation of man)^ 
of the most stujK'ndous phenomena of Nature. 

Light as a Cartier of Momentum. 
VVh<*n w'(» diseusswl gravitation and the etlu‘r. 
wo made some reference, apparently nut of 
place, to the pressure of liglit. It was jiomted 
out that this pressure <‘xerciscHl hy light against 
any surface upon which it falls is really no 
mor<‘ than an instaniu* of a still more general 
phenoni(*non called laduition prrfiMun We 
obscTvcKi that light must ex(*rcise a pressun* li 
it be of the nature which Clerk .\laxwi*ll demoti- 
stratid. It was further noticed that the ligiires 
for radiation pressuie wha'h (Mcrk-Maxwell 
arriveii at, d priori^ have lately been demon- 
stratKl to be practically correct in (smsetiuencc 
of the d fniHtrriori or exjNTimental (leinonstration 
of radiation pressure hy L'hedew and hy 
J^rofessors Nichols ami Hull [see pug(‘ tl.’JHj 

The renson why we had to dihcuss rial lat ion 
presHuri' in tliat placs* was that it is a universal 
or practically a universal force which, in its 
measure, is ojiposed to gravitation, since it acts 
in precisely the opprisite (lire<*lion. We coiii- 
ineiitisl ujMm the fact that radiation pressure 
coinjK'ls us to iiKHjify our Htati'inciits hoth of 
Newton’s first law of motion and of his law of 
gravitation. 

Radiation Pressure and a Moving 
Body. Hcr<‘ we must make some firief turther 
reference to the suhject ; in the first fjlacc, 
fa’cause it is pro|MTly a jwirt of the subject of 
ligbl. or. rather, of nuJiation in general, and also 
b<‘cauHe the work of J*roh»sKor Hoy n ting, to w'hich 
we nlludisl on page ff.T.h has sitici* Us’ii dis 
cussed liy himself at the Royal Institiiipm. 
ExisTience has taught us that we are right in 
asHuniing tfiat doetrines and H|Ku>ulationK are 
fit for wide rfiffusion when they have ruachnl 
the status ot exiMting an invitation t/> lecture in 
the famous theatre in Alls'inarle StnMi. 

What is probably the m<iHt imfsirtant con 
tribution of Professor Poynting te the subject 
has been already referred to. It is the oInmt- 
vstion that a moving Ixxiy, wh(»ther small or 
great, which is emitting fight— or any other 
form of radiant energy— tends to crowd upon 
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the wavee in front of it, while those behind Reflection and Recoil of Light. Let 
it tend to 1^ thinned out. The consequence us now return to radiation pressure and consider 

is that the radiation pressure is greater in front a few of its consequences and one or two of the 

of the body than behind it, and constantly facts which it may more or less certainly explain, 

acts as a break upon its motion. From this point of view wo have to consider 

Direction of Light and Sound Waves, light as a momentum carrier. Now, there 

Now, this case is, after all, only the latest illus- are certain fundamental dynamical laws which 

tration of a theory which goes by tlie name have their application in this sphere also, 

of Ddjypler'a Principle, and plays an important We believe, for instance, that action and rc- 

part in many branches of physics. In describing * action are equal and opposite. If, then, when 
it we cannot do better than quote the authori- you fire a rifle, it kicks, there ought to be a 

tative words of Professor Tait. The reader will similar back push or recoil when a radiant 

sec from them how this principle is applicable body fires off, so to sjieak, a train of light waves, 

to waves of many different kinds : The physicist knows, indeed, that this must 

“When a steamer is moving in a direction be so. It is therefore extremely interesting 

perpendicular to th<‘ crests of the w'aves, she to obstTve that, when Professors Nichols and 

will encounUT more of them in a given time if Hull made their now celebrated exjKTiments, 

her course is towards them than if she were they obttiined just double the result in respect 

at rest ; while, if she be moving in the same direc- of pressure when the waves of light with which 

tion OH the waves, lewer of them will overtake they experimented were reflected. In other 

her in a given time than if sh(‘ wen* at r<ist. words, these waves of light first of all exercised 

The same thing is tnu* of sound waves. When a pressure when they struck the surface and then 

an express train jiasses a level crossing at full gave it a kick as tiny were reflectcKi from it. 

sjiewl, the pitch of the steam-whistle is higher 75,000 Tons of Light. Professor 
during the a])proach to and lower during the Poynting has also studied the influence which 

recess from the liat<*ner at the gate than it light pressure due to radiation from the sun — 

would b<^ if the engine were at n‘st. The or, to Ik* more aceurah*, the whole radiation 

successive sound-pulst^s are emitted at the pr(‘S8ure from the sun — must ever be excr- 

same intervals os before, but from points cising upon tin* earth, with the consequence of 

suceossivelv nearer to or farther from the t<*nding to arrest its onward motion. This 

listener. Hence, more or fewer reach his ear amounts to what at first sight would appear 

in a given time. The })rinciple is precisely to be o formidable figure, the equivalent of the 

the same os that of Rdmer’s obst*rvation of weight of 75,000 tons. But that this resistance 

the frequency of ec*lij)S(* of Jupiter’s satellito. to the earth’s movement is trivial, and can 

The niunb<*r of light waves Avhieh reach the have markc*d consequences only in the rc- 

eyo per second is increased if the source is moU»st future, will lx* evident if we consider that 

approaching, and diminished if it be receding.'* this push of the sun must be pitted against 

Applications of the Principle. Doppler's his gravitational ]>ull, which is millions of times 

Principle is usually dt*8cribed under Acoustics, greater. 

and the usual acoustical illustration has Various conclusions of importance follow 
been quobxl above; but we have deferred from the fact that, A^hereas the force of gravita- 

its discussion until this place because it is tion varies as the miiss of a body, th(* force of 

of far greater importance in relati'm to light ra<iiation pressure varies as its surface, 

than it is in relation to sound. One of the One extremely inWresting speculation may 
earliest applications of the principle in the just be allud(*d to. Professor Poynting has 

realm of light was made, as we liave seen, by sought to apply the now demon8tratt‘d fact of 

Sir William Huggins, who was enabh^ by its radiation pressure to the problem which has 

means to solve a problem w^hich (k)mte, for lK*en affordwl astronomers by the rings of Saturn 

instance, hati declared to be necessarily im- ever since (lalileo discovered them 300 years 

possible of sohition throughout all time — t»f 2 ., ago — t*ver since, indt*ed, they caused him the 

the problem of ascertaining the motion of the utmost consUTnation by what looked like their 

fixed stars to or from the earth, or our motion disapix^arance, which threatened to throw dis- 

relatively to them— in the line of sight. This credit upon all his work. Professor Poynting has 

problem might indtHni ap|H*ar insoluble, but shown how it may U* conceived that the rings 

Sir William Huggins has been able to asc'ertain, of Saturn are formed of small particles derived 

by the application of Doppler’s Principle, the from without and perha))s from the debris of 

movomeiite of stars which may lx* moving comets. The attraction of such particles, but 

directly towards us or from us, and the light their arrest Ixjfon* reaching Saturn — which 

of which is constantly affected in wave length at that time, if not now , was doubtless a luminous 

and frequency accordingly. Finally, we may l»ody, the light from which exercised a very 

quote the latest application of Doppler’s Principle considerable radiation pressure — and their coUec- 

to the facts of light as made by Professor tion into rings w^hieh rotate around him, and 

Po 3 mting. Perhaps the best account of the into w'hich the particles are sorted according 

principle, though not of its latest application, to their size— all of theex* are capable, it would 

is to !)« found from the pen of Professor Poynting appear, of an adequate interpretation if the 

himself on page 61, vol, xxv., of the “Encyclo- facts of radiation pressure are brought to bear 

psedia Britannica,'* ninth edition. upon them. 

Continued 
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By H. J. BUTLER 


•yRIMMING is confined to the passorger- 
oarrying vehicles. We have, indeed, the 
padding of horse boxes, the various types of 
cushions, and back rests used by van and 
cart builders, and even tarpaulins and other 
waterproof covers, but, taking it as a wliole, 
wo do not find a trimmer s shop in a fac- 
tory set apart entirely for velucles designed 
to convey goods and merchandise. Many, 
especially those in the motor trade, talk of 
a body being “ upholstered.” but this is a term 
which is properly applied only to the furniture 
trade. 

The Object of Trimming. Trimming 
has for its object the comfort of the oeeu}>antH, 
by isolating them from the framework of the 
vehicle. It also decoratc*H, a well designed 
lining and leatherwork skilfully carried out 
adding to the beauty of the carriage. Most 
of UK have experienced journeys in railway 
carriages, and on the roof scats of trams 
and omnibuses, where the hardness of the 
seat causes considerable diseomfort. Trimming 
remedies this. 

Trimming is also frequently intrt)duet'd 
where the passenger is seated on a set of springs 
apart from tliosi' ap])lied to the b<xly iind under- 
carriage, thereby destroying vibration almost 
entirely. 

In railway work wo are familiar with tlu* 
grades of comfort provided in dilTerent elasseH 
of carriages. P’’irst wc have cushions \iith 
or without comfort for the back, and, as 
we pay more, we have pillar hokkus, elbow 
rests, floor coverings, and other details. In 
public service vehiek‘K wts have cushions inside, 
the modern electric tramcais lieing the most 
advanced in ministering to the comfort of 
passengers; while, no satisfactory means having 
been found to protect the cushions on nKif 
seats during inclement w(‘ath(T, we find otily 
aprons. 

Koad carriages of all descriptions constitute 
the chief outlet for the skill of the trimmer, not 
only in the cushions and linings, but in the cover- 
ing of the wings and dashers, and in tin* con- 
struction of the folding head. 

The highest degree of comfort is in the fur- 
nishing of American railroad (;ars. In these 
one may be seated in an armchair with rc^clin- 
ing hack and adjustable footrests. The Pull- 
man cars running on the London, Brighton, and 
South Ck^ast Railway are exampk^s of the comfort 
provided on the otlmr side of the Atlantic. 

Trimming Materials. The trimmer lias 
a large and varied stock of materials to handle. 
Woollen oloUis of the best “ West of England ” 
quality are generally used in the darker colours. 


silk being employed for lining only in special 
cases, but finding favour as bliiuls in* the form (»f 
lutestring. Satins and velvets wo se«^ only for 
carriages U8i*d on grand occasions, while }»lusheH 
in various qualities find their way into the 
trimming of public service vehieles. Although 
the pile of plush is a receptacle for dust, yet the 
nature of the surface gives a fiiin seating, 'fhe 
coach trimmer is not fond of much pattern in his 
lining materials, generally preferring it quite 
]>lain. although in railw'ay work we s<>o more 
latitude in this direction. Liulerfoot we have 
Hrussels, Wilton, and other carnets. 

Leather and Leather Working. A 
fully qualified trimmer is not only a worker 
in cloth, hut also an cx)N*rt in lciitlu*r working. 

folding heads of landaus, victorias, and 
similar vehicles, tlu‘ dashers, wings, and slinff 
leathers are place's wlu‘n* k*athcr is used. In 
some shops the (|iiulification of the workman 
int'huk's hanu'SH* making. 

Bull Jiidttf* an* tJuckcr and e-oarser than those 
of the COW', Inilkxk hkk's Iw'ing intermediate. 
Bull hides arc uh(h 1 in luirnt'Hs making and as 
border leathers for edging scat boards, wliile 
they an* also divide*el into fwe) layers, the* hair 
or giain side Inniig know’n as hng hide, and th(» 
flesh side* U'ing eall<*el Hptit. 

Tlu'se. split and hag leal hers are japanned, 
a prorcHs wh(*r(*l>y we e)hlain glasslike surfaci'H. 
^^liH vark'ty is uH(*d feir e*e)vering the* iron frames 
of W'ingH a.id dasheis. the* JapanneHl split iKung 
the elieafM'St. Similar tee the* jaf)anm*d le»athe*rH 
blit more claHlie*. are fhee criame lle*el hi<ie*K. lh*re 
we* fineJ a meite*rial w'e*ll sniteel inr fe>jding head 
I<*atherh and aprems. Pigskin is use'd in tin* 
tiiinming of sporting and other earriage*H, It is 
to Im* re*c*omniendeil ha* its diirahility. 

Apart fioni eai-jn'ts the*n> arc otheT tyjK‘s of 
floor cove*ringH. Karnplnlie’on anel jiite>k*urti 
combine in some m<*asure* the* (pialitie-s ed eiirfM*t 
and e)iIeIolh. The*y wear we*ll, and are* inifK*rviouH 
to damp. Tlie e)ie*a|ier eove*nng lloe>ielf)th 
eer oilcloth — is j»re*pare‘el on a guaiiidwork »<f 
Hax or tow, e)v<‘r whk'h layers oi fmmt nrr 
Kpre*ad. Goe)d linok'um may cost more* than 
deiuhle* the price of f)ik’loth. hut it will we*ar 
at a tnodciaUi estimate* ino/e* than four times 
as long. 

Coach Laces, 'flie aiieie*nt and universal 
art of weaving has proeliiee-el in meKlcni e arriage* 
lace's iK'uutiful trimmings with <*xc4*Iknl wearing 
c|ua!itic;s. When wc H(M*ak of lace in <‘onne*elion 
with coach work, thes ordinary network e>f 
threads in various designs is not implienl, but in 
this instance the term is appliexi to what might 
be called a wide ditcoratod braid. In broad 
laoe used for fronts of seat rails, glass strings, 

mi 
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and pillar holders, we have a woven material 
with the two selvedges averaging about in. 
wide. Wide lace with a single selvedge is 
used for binding the edges of seat falls and 
pockets. Pasting lace has a single tape edge, 
and is used for hiding nail heads, the edge 
neing nailed, while the remainder is folded over 
and pasted. It is used in var 3 ring widths for 
pockets, seat falls, and similar purposes. 
Seaming lace has two tape edges. It is used 
for concealing seams and for fixing linings 
which are sewn to it. Seaming cord is placed 
inside this lace when it is desired to give it 
a rounded form, the two tape edges being 


thread attached to a blunt harness needle. In 
a dash, he must have sufficient japanned hide to 
form a layer on each side, about f in. being 
allowed for stitching and dressing oft. During 
the operation of sewing the two layers of leather 
together with the iron frame between, the work 
is damped and tightly stretched with special 
pincers. Here there is disagreement between the 
older and the younger members of the trade 
regarding the respiTtive merits of hand and 
machine work. Wnere there is a highly finished 
surface, as in a japanned leather, it must be 
admitted that a careful workman will often 
produce a better finish than a machine. After 


sewn together, and in this shape it is ubckI sewing, the work is pared off within in. of 

for cushion edges, giving them a l)etter Btit<*hes and the edges dyed, oiled, 

and more lasting shape — a purpose polished. 

it also fulfils in other_ departments The work on curved wings and front 

of cairiage trimming. Both seaming T ” ' ^ splashers requires more skill, and may 

and pasting lace are comparatively ^ji ij i 1^ attempted after the straight work 

narrow, the former running about IJ in. been mastered. In best work we 

wide, and the latter about } in. to I have the seat rail irons covered with 

1 in. We can quite understand that leather, the join being made on the 

the introduction of railways gieatly inside where it is least visible, 

increased the demand for trimmings Seat Valancea* The edges of 

generally, and for a time it was difficult 5 ^ dhjvin(* skat ^i*’iving and other carriag(‘ seats are, 
for the manufacturers to turn out of (a) a broitouam '^keu exposed, finished with a border 

supplies of pasting and seaming Jace or valance 166J. In cheap work this 

sufficient to niti't the demand. Ilie ^ BAUorcHE ‘dimply of wood ; the leather 

introduction of the power loom solved mav be mounted on a wooden founda- 


the difficulty. Cloth and leath(*r pipings are 
sometimes used instead of seaming lace. 

Details and Stuffing Materials. There 
are also many small iU^ms that go to make up a 
luxurious interior. Laces with rose patterns are 
used to fix the top of the pillar holder to the 
pillar. A cheek-string of silk or a speaking- 
tubo with a whistle and mouthpiece is provided 
to call the attention of the coachman. Then 
there are tabs and tassels for blinds, the guide 


tioii, or stout border hide japanned on one side 
and blacked on the other may be used alone. The 
edges of the leather are welted or bound with 
enamellerl leather, while the fixing of the border 
itself is hid by the beading placed over, and is 
retained by its shanks in the same way that 
a head leather is fastened to the pillar tops and 
f'lbow. A scat border not only decorates but 
it serves to retain the cushion in its proper 
position. 


line of silk on which the blinds ascend and Head Valances. Similar to seat l)orders 


descend, and the buttons and tufts whereby the are head valances, used on the folditig heads 
stuffing material is kept in its place. of victorias, barouches, sociables, and similar 

Stuffing matermls, carriages. Their 

although not s('cu, u t 'I'* ^ kide the 

must l)e of good i wT joins of the hood 

quality, otherwise H ii t ^ lining and leather, 

lifeless cushion or 57. carriauk shaft to finish off the head 

flabby squabbing >. Tq.; B. Point ; C, . D.^chii.it .taple; E Kicking 

results. " ' ’ ’ should be fixed so 


('Juried horsehair, taken from the living 
animal, is in its Ix^st (jualities unsurpassed for 
tlie rettmtion of its elasticity. Flock, coconut 
fibre, shavings of bass and maple, moss, and 
even hay arc used in cheaj) work. Lately 
the use of steel springs in cushion and lining 
work has been common, patent varieties being 
manufactured where each separate cushion or 
part of the trimming is made up on a wire 
frame to the size required, the S{)ecial springs 
IxMng firmly clipped into position and to each 
other. 

Leather Stitching. The young trimmer 
has first to learn how to make his thread and 
then to acquire the skill to use it. The coach- 
trimmer does not use the bristle, but punches 
his hole in the leather with an awl having a 
diamond-shaped point, and then inserts his 


as to prevent waU*r from entering the vehicle 
when the head is up. A head valance is some- 
times cut out in one piece, but may be joined 
at the corners or in the centre of the back. A 
bead finishes it, as in the case of the seat valance. 

Shaft, Pole and Bar Leathers, llie 
shafts of carriages and carts have leather fixed 
at the point or front ends and at the kicking 
and breeching staples [67]. llie sewing is 
done underneath, the herringl^ne stitch l^ing 
much employed. Japanned split is used for 
this purpose. Oil leather known as pole piece 
hacks is used for pole work. The stuffed pad 
is generally situated about 25 in. from the polo 
crab. Leather work is also in evidence on the 
splinter bar of a carriage. Here it is used at 
the bases of the roller holt ferrules and washers 
on the bar to prevent the traces from chafing 
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the iron and woodwork. Similar material to 
that used in pole work is required, while the 
caps of the bolts may l>e ornamented with 
japanned split. 

Aprons. Aprons are fitted to keep the lower 
limbs dry in wet weather, to add to the passen- 
gers* comfort in cold weather, and, in the ease 
of the front inside seat of a sociable or barouche, 
to protect the front seat cushion and lining 
when not in use. It will be readily understood 
that however supple the enamelled leather 
may be, the appearance of the covering will 
be better presen’'ed if, when the vehicle is not 
performing a journey, the aprons are opene<l 
out. 

This remark, of 
course, applies 
also to the heads 
of landaus and 
victorias, and ex- 
plains why wc see 
them closed in the 
show-room and 
coach-house. 

C-Spring 
Braces. C-spring 
braces are of vit al 
importance in n 
carriage mounted 
on this type of sus- 
pension, and are 
made of oil leather 
similar to }>ole 

f )iece backs. A 
oop runs from 
the l>ody connec- 
tions to the to[) of 
the C-spring. Then 
th(* lK)dy of tlu* 
brace continues round tlic 
bark of the spring down to 
the jack where it is wound. 

Five inches is addwl to 
allow for attachment and 
adjustment at the jack, and 
allowance must Ik* made fi)r 
splicing. 

Together witli the distance 
twice over at the loo]), wc 
find a brace often requires 
75 in. to l)e cut out of a 
width about J in. w ider Ilian 
the spring. The brace is 
made of two thieknesses of 
leather and may Ik* sewn 
with four row's of 8titch<‘s, 
the inside rows lieing made 
to form a simple pattern. 

Folding ileado. Of the* 
leather work we have noted so far, none requires 
BO much skill in fitting as the enanie]le<l head 
leather, unless, perhaps, the moroi cos and other 
leathers used in making linings. Ilierf* may 1^ 
three to five sticks in a head. The underside of 
the centre stick requires to lie 3 ft. 8 in. from 
the seat boards and even 4 ft. in such vehicl<*s as 
Stanhope and mail phaetons where the driving 
Seat is protected. The top of the back or corner 


n in. 
nd ,3ft. 




58 . TYri2.s OF vEifiri.E iKions 

Th(‘ <lottc<l IlncM Rtid mowH liHlimtc the poftittiMi 
of (tic Ik'HiIh hIuii loiilnl, luid ttic (iiifction of tin* 
foliiiir/ A ( ap** «ttit ImhmI for n1iI« i‘iitiy iiioioi- 
rar, two mk ks iii front, ihrm* iH*ttiiul. It Ditto, 
hut ilin f MtirkM III front and two tMitiind. (7. DitOi, 
hut pro\iii|on tiiad« for |m>|>er proUM’tion of 
liii front ((liiHM 41 -n’t II D Motor fdii^h* lanilaii- 
IrtU*. K Motor donbli' fMndftnlrtU*. F. MoU»r 
liiiKiUHiiir tAridunlrtt* (• IfMatnetle. If, Mail 
pfioeton 


TKAIiaiT 

stick is usually thrown book 1 in. to 

from the square line of tlie comer pillar. anJ 

6in. to 4ft. is allowed, horizontally, from it to 
the front stick. The trimmer having plactd his 
sticks in the projHT position, they are tem- 
porarily held in position by w'clAiing. Toth 
lining and leather im* made in four pit'ces, Uic 
former stitched to list, nailed to the front of the 
sticks, in the same way as inside rotif coverings 
are attached. Many Variet ies of folding heads 
arc shown in 58. 

How the Trimming ia Fixed. The 

squnbbing is not all fastened dim'tly to iJie 
l)ro|H'r framework of the body, but H|H'eial pieet^s 

of wood, gt'nt'rally 
pine, glued, 

c a n V u H e d, and 
(i 1 1 e (1 to t li e 
quiirtt'rsaiid other 
parts. 

Sometimes it is 
necessary, owning 
to the Hha}ie of the 
>ehicle, to till up 
tlx* hollow' parts, 
and, apart from 
this, the trimmer 
shoiild It I ways 
work his materials 
HO that no undue 
|)t*ominen(*e is 
gi\en to the work 
in the c<*ntre, 
olhi»rw’is<s the occu- 
pants will be 
rolled into the 
c o r n e r w h i I e 

travelling. 

Construction 
of a Lining. CiishioiiH and 
linings usually consiHt ot tw'o 
parts, the hack of Forfar 
iiiickram, black linen, or 
other strong material, and 
the front, or trimming pi’op(*r, 
of clofli or nioroceo, which, 
according to the H(|(iahhing 
and tiilness of the stufling, 
has to Ik* nuuh* so much 
larger. 

Having taken the inb*rior 
measurements of tlx* IkkIv, 
the canvas, roughed call td 
Hha|K*, IS tack<'d in tlx* IwKly 
and pericilicMi round, then 
laid out fiat on tlx* lioarrj or 
lK*n(*h and k4*pt in position 
tiy j»x*<*<*H of iron covered 


with leather or oth€*r fixing. 

Allowance for Fuineso of Squnbbitkg. 

Ilie design of quilting, whetlKn* in squares or 
diamonds, is marked out, care In'ing taken to 
do It ac!curai€^, oiherwist* a distort'd trimming 
will result. Trie arrangement must exactly 
balance* eai’h side of a wntre line in such eafK*s 
a« back squalis and cushions. 

A diamond, when stuffed with hair, will stand 
up 1 1 to. or so from the canvas. Knowing the 
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length of the diagonal marked on the canvas, 
we may estimate the size of the diamond on the 
cloth by drawing on a piece of paper and measur- 
ing witn a piece of string [60 A and B] a section 
of the stuffed diamond on each diagonal. This 
arrived at, the larger diamonds are marked on 
the back of the cloth. The stiffor the canvas, 
the less need be allowed for stuffing. The holes 
for the fixing of the button or tufts may be lined 
with calico to prevent tearing, and the folds of 
the pattern are ironed in the case of cloth and 
scraped when a morocco lining is used. 

Door Trimming. In trimming a door, 
the work is kept as flat as possible*. A quarter 
of an inch being allowed at the bottom above 
the rocker to allow for carpet, the border is 
made of 2J in. broad lace finished off at the outer 
edge with seaming lace. Three-quarters of an 
inch would be allow(*d in this ease for the fulness 
of the cloth. 


with first, and the back row in cushions. In 
folding the diamonds, see that it is done down- 
wards, so that in brushinjg the dust is not liable 
to work in. The marking out of a cushion is 
illustrated in 59 [E and Fj. A morocco lining 
for a double brougham requires some 11 or 12 
skins, a single brougham demands 10, and a 
victoria four or five, the provision of a cricket 
seat in the last mention^ bringing the total 
to six. There is about three square feet in a 
morocco. 

Trimming a Double Brougham in 
Cloth. For a double brougham we require for 
a cloth trimming — ^roof 1 J yd. (60 in. wide), the 
top and bottom of the back with fulness is 
allowed IJ yd., the quarterff (top and bottom) 
1 J yd. for both sides, the hind body cushion 1 J yd., 
the front ditto f yd., the front squab { yd., the 
front back J yd., the front quarters J yd., and 
for the fronts of the seats inside the waste of the 



69. MARK1N(3 OUT OF \EHTCLE TRIMMINOS 


A. TraiiHVoiHC section of a Hijuah , tho curved Iiiu* icpreHciitiii}{ the cloth, the Iwine line the cauvao B. liOUKitudiiml wctiou 
of A. C. The luaikiuK out on the folded can f«)i a hottuni hack Hi|uab I) Tht alKive maikiiiK on the iloth. E. 'I he 
folded canvaH foi a brougham nmide cuhIiioii F. The folded iloth foi a brougham lUBidi iimbiou 


Bottom Back Trimming. In a bottom 
back, a convex curve is cut on the two sides 
to count<5rac*t the drawing -in of the cloth when 
stuffing. The design [69 C and D| is worked folded 
in the centre, so as to obtain an equally balanced 
setting-out, and in an average brougham the 
canvas is about 36 m. wide by 26 in deep, 
IJ in. lining left on tho bottom, 1 in. at the top, 
and a full half -inch at tlie sides. Tlie fewer the 
numlicr of buttons uhikI, the greater the frtHKlom 
given the hair to use its elasticity. Alsti, an excess 
of buttons conduces neither to the comfort of 
the occupant nor to tlie In^aiity of the trimming. 

Tho diamonds never finish right at the t*dge 
of the pattern. A distance of 6 in. is left on 
the odgi^ of the cloth besides alKiut 4| in. for 
attachment. 

Wadding is plained on the top of the hair to 
keep the latter from showing through the cloth. 
In making up, we must not forget that the 
pleats brush from right to left. The bottom 
iMick is bound with pasting lace sewn all round 
tho edge. Seaming lace is fastened to the trimming 
rail bottom, to this is “ frenched” or blind sewn 
the pasting lace on the top of the bottom back. 
The bottom row of buttons is usually dealt 


above will suffice. Driving cushions, seat box, 
and fall are given yd., and the doors J yd. 
The roof brushes to the front (or an omnibus 
towards the door), the top, bottom back,quarteis, 
and other parts brush downw'ards, while cushions 
brush forwards from bock to front, front 
bortiers of cushions downwards, and sides as 
convenient. The box brushes as one piece of 
cloth. 

'rhe broad lace from the seat, up the pillar, 
along the roof across the back takes 4J yd., 
the two doors 5J yd., the front of scats 2^ yd., 
the holder lace 2^ yd., hanging dow’n 27 in. 
One pair of gloss strings are 36 in. long, and one 
pair 24 in. Of seaming lace 40 yd. is required, 
of pasting lace 36 yd. Other necessities t.re: 
one pair of glass string guards, tw'o gross of 
buttons to match the cloth, cheek string, 7J yd. 
of buckram, | yd. of black American cloth (duck 
back), 3 curtains, 2J yd. silk (lutestring), 18 yd. 
silk curtain line, three triggers (acorns), one dozen 
ivory headed nails, four ivory buttons, four 
glass string slides, one pair metal door-pulls 
covered with morocco, 30 lb. horsehair (second 
quality gr^ hair, as the best quality is too 
hard), and 2^ yd. of carpet. 
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saw the nurse coming up the stairs dressed 
in a manner entirely different from that which 
she had seen in her vision. 

The lady is a woman of great practical common- 
sense, ana she protests that she did not see a 
ghost, an^ does not think that she did, but 
she protests with equal earnestness her convic- 
tion that she saw the figure of the nurs^ at that 
moment as distinctly and as vividly as she 
ever saw it in real life 

Seeing by Imagination. Now, the ex- 
planation of this apparition is comparatively 
simple, and will carry conviction to every mind 
except the mind of the lady. (It is a curioilis 
fact that it is far more easy to persuade 
people who have not seem a particular ghost 
that your explanation accounts for it, than 
it is to persuade those who have seen that 
ghost that the explanation of those people who 
have not seen it is the right one !) In tnis par- 
ticular case it would seem as if the lady had 
on many occasions seen the nurse issuing from 
the bath-room after washing her hands ; on 
this occasion her mind, workmg automatically, 
suggested to her a customary sight at the top 
of the stairs, and she, being more or h'ss in a 
tired state of mind, received the suggestion and 
believed that she had actually st'cn the nurse. 
In that wonderful volume “rhantiisms of the 
Living ” the reader will be able to make himself 
acouamted with endless instances of this kind, 
and he will be able to form his own opinion on 
the working of the human mind. Nor need he be 
confused in cases whore the apparition has been 
the forerunner of disaster, since the materialistic 
theory can explain this as the theory of tele- 
pathy. The anxiety of a mother in a moment 
of crisis is quite likely to affect the child 
so as to project the image of the mother 
upon the child’s mind. There are many 
instances of this extreme form of sympathy 
operating in the cose of twins over considerable 
distances. 

But it will be seen that this theory, even 
though it lays ghosts in as wholesale a fashion 
as an expert skittle-player floors ninepins, reveals 
to us an operation of the mind os important to psy- 
chology as the attraction of the earth is important 
to physics. The trouble is that people, accepting 
the disproof of the ghosts, do not accept the 
proof of telepathy. They * do not perceive 
that we have evidence here which endows the 
mind with powers of an extraordinary order, 
powers which lift it out of the category of 
material things, and bestows upon it at least 
a spiritual significance. In tlic article following 
this we deal with the question of Tclojiafhy, 
but it is ipiportant to explain here the obvious 
and most suggestive conclusion that the only 
theory which accounts for phantasms of the living 
is one which concedes to the human mind 
faculties of an almost spiritual nature. 

Phantaama of the Dead. We are now 
brought face to face with the supreme question 
of our subject. Is the evidence sufficient to 
convince the ordinary man that spirits have 
returned from Hades to visit these pale glimpses 
of the moon ? Has the ghost of a dead person 


been seen by more than one credible witness 
loim after the time of his decease ? 

Frederic Myers, who believed himself that 
this evidence is sufficient, concludes the seventh 
chapter in “ Human Personality with these 
words : “ I do not venture to suppose th^t the 
evidence set forth in these volumes, even when 
considered in connection with other evidence 
now accessible in our ‘Proceedings,’ will at once 
convince the bulk of my readers that the mo- 
mentous epoch-making discovery has been 
already made. Nay, I cannot even desire that 
my own belief should at once impose itself upon 
the world. Let men’s minds move in their wonted 
manner : great convictions are sounder and 
hrmer when they are of gradual growth. But 
I do think that to the candid student it should 
by this time become manifest that the world-old 
problem can now in reality be hopefully at- 
tacked; that there is hopeful and immment 
possibility that the all-important truth should 
at last become indisputably known ; and, there- 
fore, that it befits ‘ all men of goodie ill ’ to help 
towards this knowing with what zeal they 
may.” 

The Face at the Window. Wc will 
quote two stories of apparitions which seem to 
us inexplicable on the grounds of telepathy, and 
also so simple in their details as to convince 
the inquirer of their genuineness. The first 
story reached the Society for Psychical Research 
through the Bishop of Carlisle, and is related by 
the Rev. G. M. Tandy, Vicar of West Ward, 
near Wigton, Cumberland : 

” When at Loweswater I one day called upon a 
friend, who said : ‘ You do not see many news- 
papers ; take one of those lying there.* I accord- 
ingly took up a newspaper bound with a wrapper, 
put it into my pocket, and walked home. In 
the evening I was writing, and, wanting to refer 
to a book, went into another room where my 
books were. I placed the candle on a ledge 
of the bookcase, took down a book and found 
the passage I wanted, when, happening to look 
towards the window which was opposite to the 
liookcase, I saw the face of an old friend whom 
1 had known well in Cambridge, but had not 
Bwn for ten years or more— -Canon Robinson 
(of the Charity and School C’ommission). I 
was so sure I saw him that I went out to look 
for him, but could find no trace of him. I went 
back into the house, and thought I would take 
a look at my newsjiaper. 1 tore off the 
wrapper, unfolded the paper, and the first 
piece of ncti's that I sav was the death of 
Canon Robinson.” 

In this story, it will be noticed, Mr. Tandy had 
not seen Canon Robinson for a number of years ; 
there was no apparenf reason why he should 
lie thinking of him ; no apparent reason why 
Canon Robinson should desire to appear to 
an old college friend ; and no question at all of 
telepathic communication. The newspaper was 
in its wrapper, and the news of Canon Robinson’s 
death had not reached his friend. No explana- 
tion in the world is possible for the apparition 
except the simplest of all — ^namely, t^t Mr. 
Tandy saw a ghost. 
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The Commercial Traveller’s Story. 

The second story is prononnoed by Frederic 
Myers to be “ one of the best-attested, and in 
itself one of the most remarkable that we 
possess.*’ Wo quote from a letter written by 
the subject of the experience : 

“ In 1867 my only sister, a yoiinj? lady of 
eighteen years, died suddenly of (liolera in 
St. Louis, Mo. My attachment for her was 
very strong, and the blow a severe one to me. 
A year or so after her death the writer became 
a commercial traveller, and it was in 1876, 
while on one of my Western trips, that the event 
occurred. I had ‘ drummed ’ the city of St. 
Joseph, Mo., and had gone to my room at the 
Pacific; House to send in my ordtTs, M'hich were 
unusually large ones, so that I was in a very 
happy frame of mind indeed. ]\ly thoughts, of 
course, were of the orders, knowing how pleased 
my house would bo at my siu’cess. I had not 
been thinking of my late sister, or in any manner 
reflecting on the past. The hour m as high noon, 
and the sun was shining cheerfully int4> my 
room. While busily smoking a cigar and writing 
out my orders I suddcuily became eon.seiouK that 
someone w'hs sitting on my left, vith one arm 
resting on the table. Quick a^^ a flash 1 turned 
and distinctly saw the form of mv d(*ad sister, 
and for a brief second or so looked h(‘r squarely 
in the face, and so sure wtw I that it was she that 
I sprang forw’ard in delight, calling her by name, 
and as 1 did so the apparition instantly vanishecl. 
Naturally, I was startled and dumfounded, 
almost doubting my senses, but the cigar in 
my mouth and pen in hand, with the ink still 
moist on my letter, I satisfied myself that J had 
not been dreaming and was wid<‘ awake. 1 
was near enough to touch her, had it Ixfii a 
physical possibility, and noted her features, 
expression, details of dress, et<*. She ap|K*ared 
as if alive. Her eyes looki’d kindly and |mt 
fwtly naturally into mine. Her skin \\ as so lite 
like that I could see the gloss or moisture on its 
surface, and, on the whok*, there was no chaiigi 
in her apjiearaneo otherwise; than when alive. 

The Myetcry of an Unknown Mark. 
“Now,” proceeds the narrator, “ comers the 
most remarkable con/irmatwn of my statement, 
which cannot be doubted by tiiose who know 
what I state atstually occurred. This visita- 
tion, or whatever you may call it, so impn ssed 
me that I took the next train Imnie, and 
in the presence of my parents and otbiTs 
1 related what hod occurred. My father, 
a man of rare good wmse and MTy practi- 
cal, was inclined to ridicule me . . . but 

he, too, was amazed whim Iat4*r on I told theiii 
of a bright red line or firratch on the right -hand 
side of my sister’s face, which I had dmtim tly 
seen. When 1 in<-ntione<l this ray mothei 
rose, trembling, to her fw*l and nearly fainted 
away, and as soon as she had su ftieient ly rcci »\ enKi 
. . . she exclaimed that 1 had indeed se<-n 

my sister, as no living mortal but hei^lf 
aware of that scratch, which she had accidentally 


made while doing some little act of kindness after 
my sister’s death. She said she wtII remembered 
how pained she wiw to think she siiould have, 
unintentionally, marred the ieatiin's of her dead 
daughter, and that, unknown to all, how she had 
carefully obliterated all traces of the slight 
scratch with the aid of powder, etc , and that 
she had never mimtioneu it to n human being 
from that day to this. In proof, neither my 
father nor any of our family li«<l detected it, ami 

5 )ositiveIy were unaware of tlie incident, yet 
^ aaw the ncrntrh as bright as if last vmde. So 
strangely im}m*sMi*d was my mol her that even 
after she had retired to rest she got up and 
dressed, came to me and told me she kni'u\ at 
least, that I had seen my sister. .\ few weeks 
later mother died happy in h(*r belii'f shi* would 
r€»join her favourite daughtcT in a better world.” 

The Remarkable Features of the 
Story. In this story we have some remark- 
able features. In the first (ilaci*, the subject of 
the oxjH»rience is not a woman, not hyslerieal, 
not emotional ; a commercial travc'ller attend- 
ing to his biisint’tHs and smoking a I'igar is not 
of the order of persons who usually see 
ghosts. The vision aopeiinsl nine years after 
the sister's death, ami it wori' the unknown 
feature of a disliguremenl which had been 
made after death. Now. Iu‘ wouki he a 
hold man who asw'rtecl that the mother un- 
conM iously jirojeeted the vision of the daughter 
upon tlic‘ son's mind. Jn the Hceoiid place, we 
know of no caw* in which a pcTsoii has projected 
the picture of another person on a ilistanl 
mind. If it had bisui the mother who ajijieared 
to the son telepathy might be llie explanation, 
but even here we should be puzzled to explain 
the apprehension of the vision on tin* sons 
part in th<* midst of his eonsiderable oeeiipation. 

We have no room to quote further easeM, 
We must ask the serioiis iiiqiiiriT to eonsiilt 
the volunichof tlie SocK'ly ol lVychic»al KeMcari'li. 
Our lonteiition is that wliile telepathy niuy 
<*A plain many pbenoniena ol this kind and 
e\en then, be it most carefully noted, does but 
present the mind with a problem almost as won- 
derful liH that of ajiparitioiiH it yet does not ex- 
plain many cases in whieli perfectly tiiist worthy 
people have solemnly deelareil before men that 
they have seen |lliantiismh of the ckawl a 
eonsiderable period iifUT the liini; of dei'caw*. 

from tho Dood. VVe must 
point out, in eom'lusion, that the ikad do not 
always apprat, but very freciueiit ly -^o fui a. 
the leeords tell- launmurneatf* by raker means 
— n.'r,, automatic writing and lliroiigk tin* 
mouths of inediuniH. I’kc rr*adrr is not askrd 
to believe all or anyol flir-w^ Hfoiir s, but lie ik 
adviwd, Isdore parsing bis judgimnt on tin* 
question, to eonsidrr wln ilirT all tlii'w* obseiire 
and somewhat alarming fdienornena, if sufli- 
eientJy invf‘Ktigated, are not likely to eontribute 
Home eluc idation to the problem of eonscious- 
ness, and, possibly, to throw light a<*roHH t he 
threshold of the Life b<;yond this phais* of life 


Continued 
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CCREWS are cut with dies comprising several 
cutters, or with single pointed tools, 'ftie latter 
are used in Fox, or chasing lathes, sometimes in 
the capstan lathe, and in the ordinary screw- 
cutting lathe. Either dies or comb tools are em- 
ployed for bolt cutting, and for the formation of 
threads in capstan lathes. The screwing dies 
generally contain three cutters, in a cam plate 
operatea by a scroll and lever. The plate is in- 
dexed for setting the positions of the dies, and 
fitted with an adjustable stop. Those dies arc 
arranged with their cutting edges radially, so that 
they point to the centre of the work, no matter 
what its diameter. They cut a full thread at one 
operation. Bolts arc largely done m the open- 
spindlo chasing lathes. These are construeteii, 
except for the open spindle, much like the 
ordinary hollow-spindle lathes. But the em- 
ployment of an open spindle permits of -the 
turning and chasing of t>olts and screws with 
heads from the solid bar, and also permits of 
the ready chucking of single bolts and screws 
for chasing ; while 


45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 
110. 115, 120 teeth, with one or more duplicates, 
as 20, 40, 60, 80, 100. These derive their motion 
from the headstock mandrel or spindle which 
rotates the work to be threaded, and com- 
municate it at equal or different rates to the 
guide screw. The only method w^hich comes 
into rivalry with this, and that only in recent 
yeahi, and to a limited extent as yet, is 
the formation of threads by milling cutters in 
ivhat are termed screw milling machines. The 
difference is that th(‘ cutt€»r in these rotates, 
and more rapid results are attained. 

Methods of Calculation. Tn the 
conimon screw-cutting lathe the. elementary 
basis of calculation between the guide screw', 
of fixed pitch, and the screw's to be cut, 
of many pitchc's, finer, and coarser than that 
of the guide screw', is simply th^t of tlu* 
tfUio, or proportion which subsists between the 
two. As this takes the form of a frac’tion, 
the calculations are put in tlie same form. 

The simplest way 
to consider this sub- 
ject is to remember 
that three principal 
cases occur : ( 1 ) scri^w's 
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291 . SIMPLE TRAIN 
CONNECTED BY IDLER 


tht* ready adjustment of the bar w'ithout going to 
the back of the headstock for the purpose. The 
c(‘ntn's of these lathes range from 6 in. to 10 in , 
thuHo of from 8 in. to 10 in. being double geared. 

Long Screws. All bolts and short screws 
and studs made in quantities are produced 
by the foregoing methods, by dies, or chasers of 
some form or another, the guidance Isung 
embodied in self -leading dies, or in a hob w'hich 
imparts longitudinal movement to the chaser 
bar. But what w'e have to consider here 
chiefly is the cutting of long screw's by means of 
a single-edged tool, which is traveled in the 
slide rest by the lead or guide screw, at a rate 
W'hich is predetermined by certain arrange- 
ments of change gears. The pitch of the guide 
screw is unaltenmle ; the variable element is 
provided by the twenty-two change gears, 
which are capable of an immense numWr of 
combinations. They number 20, 25, 30, 35, 40, 


cut with pitches equal to that of the leading 
screw ; (2) screws w ith pitches finer ; and ' 

(3) screws of coarser pitches than that of 
the lead screw. The first class w'ould be 
cut with wheels of equal numbers of teeth 
on mandrel and guide screw' ; the second w'ith 
a smaller wheel on the mandrel driving a larger 
one on the lead screw', so retarding the move- 
ments of the tool ; and the third with a larger 
wheel on the mandrel driving a smaller one on 
the guide screw, so accelerating the movements 
of the tool. Or, put in another way — which is 
of universal application<<-<ke jnlch of the guide 
aerrti* is to the pitch of the screw to be cut as the 
number of teeth on the mandrel change wheel is 
to the number of teeth on the guide screw wheel. 

There are two practical metho<ib of obtaining 
the change wheels necessary to cut a ^iven 
thread: (1) by obtaining rati^ direct, the other 
(2) by cyphers. 






(1) To cut a thread of 2 per inch with a 
guide screw of 4 per inch 

The change wheels must therefore have a 
ratio of 2 to 1. 

(2) Place the number of threads in the guide 
screw for a numerator, and the numb(»r in Iho 
screw to be out for a denominator, and add a 
cypher to each to obtain the numbers of tt^eth 
in the change wheels : 

Guide screw 4 _ 40 

Screw to be cut, 2 20' 

and whw^ls of 40, and 20 teeth will cut the 
Hcjrew required, and 40 will go on the mandrel 
and 20 on tht‘ guide screw. 

Simple and Compound Trains. W}\vn 
two wheels only are used the train is a simple 
one [289]. But when ratios exceed () to 1 
simple trains do n(»t suffice, because one of the 
ulw’i'ls would exet*ed the limits of the centres of 
mandrel and 
guide screv , 
or the si/e of 
1 h(' 1 a r g (* s t 

wheel in a set. 

Compound 
trains [290| 
consisting ot 
four or more 
wheels a r e 
th(*n U8e<l, but 
the ratios of 
drivers and 
driven remaui 
unalfeoti^d. 

If a screw of 
20 threads |)er 
inch hew anU^l, 
the guide screw 
having two 
threads per 
inch, then: 

0 10 , 

a ratio of 010 to 1, or |^<^th ; or, putting it in the 
form of a fraction : 

1 ^ 10 
10 - 100 * 

But as the low-est wheel in a set lias 20 teeth, 
this fraction must be multiplied by 2 : 

10 2 ^ 20 

io<) ^ aoo' 

But, now% 200 exceeds the highest numliered 
wheel in a set, and ho othcT whwis must 1 k» 
found. There are several ways fiy wlueh a 
compound train may U* d(due<sd, by br<?aking 
up into factors as follows : 

^ X 20 ^ _ 2:> x 20 

200“"20x lt)0 Xm'x 100 ^60y im 

These last factors give wheels in a set without 
requiring duplicates, and they have the same 

and 25 and 20 are the 
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driring wheel,, and 50 and 100 arc the driven 
wmet'ls. 

In the case of very fine or veiy coarse pit olios, 
the eomnounding has to 1 h‘ uuMvust'd to six or 
eight wheels ; hut the ratios must alw'avs 
Ih> observt*d exactly The linal arraiigemeiits 
obtained can always he teshnl hy muUiplving 
together the drivers and tlie driven st'puraU‘ly. 
and dividing one quotient hy the other, as m tfu* 
example just given. 

It will he evidimt that, the object In'ing to 
select workable whcM'ls- that m. wheels in the 
standard sets— the breaking up mto factors 
in the examjde given may he done hv halving, or 
doubling, or adding, or lessening hy‘any suitivhh^ 
increments, as fourths, litihs, or thirds. But 
the essential jHiiiit is that the factors which 
stand for numerators and denominators resjHw- 
tively must ht* iiuTcasi^d or diminislu'd in the 
mtm proport Mna in ordi‘r to retain the same ratw. 

Gearing Up. Fig. 290 iilustrati's the method 
of g(‘aring uji change wheels. "J’lie driving wluails 

h(*ri‘ are A, B, 
and th(^ driven 
( \ 1 ). K is the 
(tuadraiit, or 
swing plate 
pivot i n g 
around the 
axis of the 
guide sertwv F, 
the object of 
which IS to 
alTord a largii 
range of ad- 
justment for 
tin* centres of 
till* change 
wheels 1 ’ li e 
tirst w'heel. A, 
fl<* ri \ es Its 
motion from 
1 it e mandrel 
through the 
fixed geaiH 
H It o w n, t h e 
function of whith is th<* reversal of the direct ton 
of rotation of the le/wl screw by the reversing 
plate Fig. 291 sliowM a simple train, A, H, 
eonneelerl by an idler, (', to eiuise the lead hctcw 
to rotat 4 > in the same wuisi- as the mandrel, t^i 
cut towards tlie headstoek. The photo 292 
illiistrales the cutting of a left handed screw in 
the shops of Ludwig Loewe tk ( o. 

Fractional Pltche*. Pitches often have 
to Is) cut which an* not iritegial parts of the 
guide screw, hut compiise iiifegc rMuiicI fnietions. 
Then the denominator c»f the fnic*tJori is iiwd as a 
miiltrplicT, tItiiH ; threadn iht inch to Ik* cut 

with a h‘ad Mc-rc'W of 4 js'i inch ; 

4 H 

We may multqily ihis by, sii\ . 5 : 


10 20 
ratio as - or 


19 . 95 , , 

and 4i) will lx* the* driver, and 95 the driven. 
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The foiegoing simply give the principles on 
which screw-cutting calculations are worked 
out. Calculations may also be worked decimally. 
Millimetre pitches may be cut with an English 
lead screw hy using a wheel of 127 teeth. The 
question of cutting screws havinp prime numbers 
to the inch often has to be cons^red. So, too, 
the problem often arises of cutting, not so many 
threads per inch, but of a certain number of 
threads in a given length of so many inches, and 
fractions of an inch, all of which 
admit of more extended treatment 
than can be given here. But no 
real difiiculty need arise if the essen- 
tial raiio between lead screw and 
screw to be cut, as previously stated, 
be borne in mind. 

The cutting of multiple threads 
is done by chalking the teeth of the 
ifiandrel wheel and of the driven 
whotjl which engages with it in two 
(^qual parts for double threads, in 
three for treble threads, etc., and 
using these marks as points at which 
to start each thread. There arc also 
other devices. The question of 
catching threads at proper places 
has to be considered when the pitch 
of the screw to Imj cut is not divisible 
by that of the lead screw without a 
remainder. The cutting of square 
threaded screws gives rise to diffi- 
culties in grinding the angle of the tool, for which 
a diagram must bo made of the developed thread. 
These and other details render screw cutting a 
highly specialised department of the turnery. 

Gear Cutting* Recent years have wdt- 
uessed an extensive substitution of cut for cast 
gears. There are many reasons for this into 
which we cannot enter. But 
with regard to the machine 
shop, the result is that the 
qumbers of machines have in- 
creased, and that several new 
tyj>e8 have l)eon dt^signed. The 
most remarkable growth has 
l)een that of the planer type, using a 
/orm, or enlarged pattern tooth ; and 
the generating typtJ, in which teeth 
mathematically true are produced by 
mechanism embodied in the machine 
itself. Those include machines in which 
rotary and reciprocating cutters are 
um»d — the Bilgram, the Warren, the 
Fellows, the Robey-Smith, the Beah" — 
machines which have little in common 
except the resulting teeth produced by 
generation without either fonnors, or 
tooth shapes eml)odied in the cutters themselves. 

Cutters. In the ordinary or older practice 
of gear cutting, all teeth are formed by milling 
cutters 1 298 to 295]. These answer very well for 
spur gears, though the accuracy of the teeth 
depends entirely on that of the cutters. But 
these are approximate only, since eight cutters 
have to produce all teeth from those of a rack to 
the smallest pinion in a set, and 24 cutters have to 
suffice in cydoidal teeth, as in the tables above: 

3630 


IkVOLUTB CtTTTBRS. ♦ 

{Brown and Sharpe System.) 

No. 1 will cut wheels from 135 teeth to a rack 


55 

35 

26 

21 

17 

14 

12 


134 teeth 
54 
34' 

25 
20 
15 
13 



EncYOLOiDAL Cutters. 


MILUNU CUTTER 


Cutter A 

cuts 


12 teeth 


B 



13 

»? 


C 

ff 


14 

»» 


D 

>♦ 


15 

♦» 


E 

*» 


16 

it 


F 



17 

»» 


C 

»» 


18 



H 



19 

• » 


I 

»» 


20 



J 

»♦ 

21 to 

22 

,, 


K 

»» 

23 „ 

24 

♦ » 


L 


2ry „ 

26 

• » 


M 

»» 

27 „ 

29 



N 

»» 

30 „ 

33 



O 

♦» 

34 „ 

37 

(» 


P 

,» 

38 

42 

tt 


Q 

»» 

43 „ 

49 

»♦ 


R 


50 „ 

59 

>» 


S 

»♦ 

60 „ 

74 

f» 


T 


75 „ 

99 

tf 


U 


100 „ 

149 

tt 


V 

♦» 

150 „ 

249 

ft 


W 

>> 

250 or more 



X 

ft 

Rack 
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For the difTcrences in teeth, sen? the course on 
Drawing tor Engineers. 

In Home of the Gleason machines a form 
is used as a guide for the 
roughing-out planing tool, A 
in 2^. As this leaves fme 
ridges on the teetli, finish is 
impartwi by the tool B, the 
shape of which is the counter- 
part of the tooth spaces. 
\Mieels up to 20 ft. diameter are cut in this 
way. In the Fellows’ machine, ua<»d for 
spur gears only, tlie teeth are generated 
by an actual wheel [297, A] the teeth 
of which are hardenecl, backed off, and 
ground to form cutters ; the wheel is 
rotated through a small arc, and cuts 
in the intervals of each movement by 
a planing action, as indicated to the 
hit of M7. This process is identical 
with that which would happen if a 
wheel of a hard substance were rotated 
in relation to a w'heel blank of a plastic 
material. One wheel thus generates the teeth 
of any wheel of any stee of the same pitch 
with perfect accuracy. In 297 the right-hand 
illustration shows a pile of wheels, B B B, 
arranged to be cut simultaneously. At C, below, 
an internal gear is being cut. The gears B 
are being tooled writh a draw cut, hence the 
reason for the resistance afforded by the ad- 
justable stop D above. 




Cutters for Bevel Wheels. But the 

difficulties in cutting bevel wheel teeth \iith 
rotary cutters are far more senous than those 
which occur with spurs, because of the tapering 
forms /)f the teeth, duo to the attempt to lut 
teeth, the sectional shapes of \ihich change con- 
stantly, with rotary cutters of unalterable 
section [298] The result is a compromise* 
Absolutely true teeth are impossible in this 
system, hence the reason for the employment of 
planmg and generating machme^ 

In planmg machmes for bevel v heels, a /o/ta, 
or enlarged tooth about three times huger than 
the wheel teeth on the majoi diameU^r, is used 
as a guide to the arm which catries the recipro- 
cating cutting tool, which travels in a path 
always towards the apex of the pitch cone [299] 
The result is teeth the accuracy of vliidi 
depends on that of the form uscxl The prot < ss 
IS a slow one, hence many of these machiius 
have two arms and tools cutting on opiiosite 
Hanks Tlic 
Sellers the 
(hrlikon, the 
(Henson, and 
the G 1 e e n 
u o o d and 
Bathy belong 
to this group 

The first 
generating 
mac hme made 
— the Bilgram 
— embodies 
roll cones by 
which the r< 

( 1 p r o c at mg 
arm is cocrc ed, 
and acc urate 
t< cth aie thus 
generated, and 
this machine 
still holds a 
k*admg place* 

Tln‘ Ro1h‘V 
Smith ein- 
Ixxlies a rather complicated link mcrhaiiiHni by 
\^hich the movements of the two cutting arms an 
controlled In the Warren, the tools arc eontrollcd 
by slides, the angles of which change constantly 

Tlie dutK*s of the machinist operating gear 
cutting machm^^s obviously vary very much 
with the class of machine UH<*d In the 
orebnary types the pitching has to he done by 
bond tnrough a division plate* and change 
whcMjls , m the fully automatic typc*H one man or 
youth can attend to scvcTal niiu him^ 1*he 
turning of the blanks is done elsewhere^ at the 
lathes, or m some cases they an milled Th<» 
wheel blanks, turned to the (orrc*ct outlmeM, 
termmatmg at the points or ends of the testli, 
are also bored The bore affords the me an c by 
which they are held on an arbor durmg f lifting, 
though they are fixed [296] firmly by bolts in 
addition 

Turret Work. The large group of 
machines which are included under the U^rms 
turret lathes and atUf/matic screw marhinrs 
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constantly glow m imiiortancc They are' 
nvals to the common lathes and to scivwmg 
machines Tlie f'Ksentml fcvituic by which 
they art' distmguislieHl is that, instead of setUng 
a tool oi tools in succession m a slide ii^t, a 
numliei of tools aiv fixed up ami set pei iuam*utly 
in turret and cross slide |801| to ojHiate m 
sueci*s8ion on a pic'ce of woik, and that the 
o[H'ration8 cm an> nunilH'i of siinilai piece's an 
rt‘j>cattd williout any re fixing or leadjustmcmt cit 
the tools ^ This nu*anh that all the diine'iisimiH ot 
apic'ceof w oik an' fixed by tin tools with the 
result that tentative mcasurcint nts durmg llu 
pnigiess oi the cutting aie aMmhd This is 
tiue m tunc't and automatic lathes alike But 
tlie Inttei cmbcKlit's, in addition, all prcjMsions 
ncctsHaiy for the autoinatu movement and giip 
pmg of the woik, of the lotation and locking of 
the tun 1*1 and its tools, niul of the tools m tin 
c loss slides, and all an* lmie*cl to take place at 
the pn*ciHe instant lecpiind 

Turret 
Toole. Tools 
used m tiirnt 
pi act ice com 
piiKc rougliirig 
and finishing 
tools foi tuin 
mg, boimg, 
and forming 
tools foi c lit 
ting off, dnlls, 
natiK'iK, and 
s( n a mg took 
'I hi Y ail grip 
p(d m the 
tune t eliri'ctly, 
ot m mt4Mme 
fliate hoxi'H.or 
m tile cross 
slide \o 
me a HU feme nt 
IS I ve r take n 
uith rule oi 
( ahfK rs afte i 
the tools an 
e»nce fixed Tip until after the woik is removed 
from the lathe I'he range e»f niene me rit nf iinh 
t<K)l iH piesle tc nnined by the use eif steijis anel 
throw out nie*f hanisni, se> that stilme e|ue*fit 
gauging elf tee Is but a small piopeirliori of 
iliaee urate pifei*H Tb» aetiem eif the tools is 
much HHMiHtcd )>y the freM use of lu hr leant 
pumjMd under prcsHiire on the tesel jMurifs and 
thee }H)rtionH of the woik whieh are iirieje rgoing 
cutting The*ii c iitting esigf M an thus pie se ive el 
geeed foi very c emsideMabli jsijods, geneinillv bu 
Home days, and the ae e ma v of the we>ik prei 
dured iH ne>t irnpaiied bv aii^ niifKatant rise in 
U*mfK*rttliire 

Points In Turret Practice. In the 

employment of tlie*He* teuils there* are* He*ve*ral 
either mattiers which have to U Uirne m 
mind as affc*eting the Heruraey of re suits -the 
emlKKlmiemt and the niamie*nanec of alignment, 
the prevention e»f vibration or disteirtion, the 
ffexuie of took and their holders, and the 
synchronising of the move me nts of the Us»k 
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with those of the work are esseutials. It must 
be remembered that, in the interchangeable 
classes of products which are done on the turret 
lathes, uniformity in dimensions is necessary 
within a finer limit than a thousandth of an inch, 
and therefore flexure, distortion, or vibration to 
that amount would be fatal to the degree of 
accuracy demanded in such work. 

The multiplication of tools is the most dis- 
tinguishing feature of the turret lathes. Instead 
'of putting in and clamping tools in a rest one 


A gimt improvement introduced by the turret 
lathes is that of making pieces from solid plain 
bar, instead of using forgings of the approximate 
shape required, and finlahing them. By usu^ 
a bar, a considerable length can be gripned in 
the chuck and fed through at intervals as pieces 
are turned off, and there is no bother with scale 
as on forgings, or difficulty in holding up to 
dimensions. Bars up to 6 in. diameter are thus 
worked from on semi-automatics and full 
automatics. 



after another for performing successive operations, 
all the tools required are held m a revolving 
turret and on a cross-slide [801 J, so that they 
may be brought into position m succession as 
rapidly as [xissible, and by moans of stops may 
be checked at predetermined positions, enabling 
Mork to bo n'poated indefinitely to uniform 
dimensions. The tools aiv constructed so that 
they cannot cut smaller or larger through any 
mistake on the part of the atten&nt, who simply 
has to move the handles to feed up and withdraw 
the tools. In automatics even this is dispensed 
with, and the movements are actuated by cams 
without human intervention. 
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Example of Turret Work. The example 
of turret practice shomi in 800 to 806 will 
serve to illustrate the principal operations done 
V ith turrets, the case being taken from the practice 
of Alfred Herbert. Ltd. on one of their automatics. 
The piece being produced is a locomotive handrail 
pillar, which is Wished from a bar, A, the size of 
the largest diameter, held in the headstock chuck 
and rotated by it. The turret, shown wiih its 
complete set of tools in 802, first brings up a 
starting tool, B, with three flat cutters held in 
such a way that the end of A is bevelled or 
pointed, as seen in 802, to enable the box tool C 
[808] to begin easily. Before, however, C can 






begin, B has to retreat, and the turret be given 
a partial turn, bringing C into line with the bar, 
when it commenoes to travel up the latter. 
The box tool, seen in detail in 800, comprises a 
cutter. A, held in a east-iron frame or box, and 
clamps and adjusted therein by a bolt and grub 
screw, and a pair of adjustable V-guid<>s [B] 
located opposite the cutting edge. The Iwir 
cannot, therefore, spring away from the tool, 
as it may in ordinary turning, but is kept up to 
it by the guides, enabling heavy cuts to be taken 
and ensuring uniform diameters on numerous 
pieces. Two diameters may be turned on a bar 
by fitting a couple of the tools and guides A 
and B in a box, one behind the other, a longer 
box being uwd if required. 

Returning again to the sequence of operations, 
in 804 the box C has retreated, and another, I), 
is brought up for finishing to exact size — becauso 
C had to rough off a large amount — and also to 
cut down the end of the* bar smoothly to length, 
with a facing tool held in the shank of D. 
Forming is tin* next operation, done with a 
liroad, dcH*p 
tool IE, 806], 
held on the 
cross-slide and 
fed into the bar 
until it as- 
sumes the 
sha|M* seen in 
805. A steady 
bush, F, in tiu* 
turret supports 
the end of the 
bar during 
forming, to 
prevent it 
from springing 
back under tin* 
heavy st rt*8H. 

Screwing is 
done next with 
the die [(;!, 

806], which 
cuts the thread as the bar revolves, and then 
automatically o|K*ns, upon which the turret 
moves back, avoiding the necessity for unscrew- 
ing the work out of the die, whicli would have to 
be done if the latter wrre solid. Finally, the 
piece is parUxi oft with a cut ling-off tool [ H, 306 1, 
formed so that the globular form of the pillar 
end is retained, leaving a mere tit at the end. 
When the pillar drops off, the har is fed through 
the spindle again, and the cycle of oisrations is 
repeated. 

In addition to thets* common fiiieratforiH, 
others w'hich can be done on turret lathes an* 
boring, recessing, and tlireading liolcs. bn«»d 
facing, with tools travelling on the cross-slides, 
taper turning and boring, rc*amering, knurling, 
etc., some of which entail the use* of sjhn mI rigs. 

Influence of Turret Work. The 
modem practice of turret lathes and auto- 
matics has effected profound changes in the 
forms of and methods of operation of many 
cutting tools. From the comparatively simple 
forms used on the somi-autoinatic lathes, in 


MIOHAMIOAI, eneiNMeiNQ 

which all the various movements of the tools 
and of the work arc effected by the volition of a 
workman who dares not move away from his 
post, they have grown into very complicated 
mechanisms. 'Hio leason of this complication 
is twofold: hrst, the desiio to 1 h* ahlc to jH^rform 
two or more cutting o|xirations simuUant'ously ; 
and, secondly, the economical ncccssily of 
making the machines and their movenu'iits 
w'holly automatic. The result is the evolutum ot 
the lioxes that contain several tools, 'riii* 
movements of eai*h tool are predeti*rmined, and 
in the inoie elaborated ty]x*s then* is meehanisin 
introduced for producing inov(‘inents oi the tools 
in the boxes, inde)x*ndently <»t tie* pnniiv!\ 
motion of the box derived from the mov<'meiit ol 
the turret. 

High-speed Tools. Th<* advent of tla^ 
high-H|K*ed tool stivls in IlKKt lias changed tin* 
practice of tJie machine sho]) in a more nidieal 
fashion than any other innovation sinee the 
inventions of tin* slide n'st lathe anti thi* planing 
machine. These Hteels do not owi* their value 

to eurlxai, as 
(lothcordinary 

tool Hte<*lH, hut 
chietly tochro- 
niiiini, tung- 
sten, and inoly- 
bd(*nuin 'Phey 
ut(* not t(*in- 
)er(*(I, hii! 
la rdened nght 
out in cold air. 
'rh(*y o|Mirul(' 
h(*Ht at high 
Mp<*<*dK and at 
high tenHH*ru- 
tuies. 'rh(\v 
show' to hct1(*r 
aclvaiitagi^ iii 
turiiiMg iiiiid 
st(‘el than cast 
iron. 'riayaH’ 
buged at a 
white heat, wliich would ruin ordinary carhon 
steels. The rale of cutting \ancs uilh the 
urea of the chqm rcnioicd If rang‘*H horn, 
say, 4t>fl or oh ft a rniimfc diung v* iy heavy 
weak, to Ihh ft. on light cuts. Kroiii MtK) |h. to 
I,(KHI lb of chips removed jier hour is no unusual 
r(‘C(»rd. One result is that new lathes have Ihmti 
designed to withstand the ciaaiiioiiH stresses 
iniiMrM-d, and that the driving jxoiei in ma( hue* 
shofm using thesi' steels has had t(» be Ir'-hltal 
and quadrujrled. The same Hte< 1 is uad larg(*]v 
for drills and milling cut tc?n. and some o markable 
performanccM are on record. 

Templeting. A sectaai of modern practice 
which is of vast and growing rnipoi lance is that 
denominatc<l tnn ffldt n(j^ /ixt urt , and ;»(/ I he 

terms arc used rather loosely, but may In* defimxl 
ns follows. A If^mfdel or tfmfdrUr is used t(» 
avoid the lining out illustrated in a previous 
artiede. Its funetion is either to l•mlxxiy centres 
and edges for lining off work by, or to U* employed 
as a guide* for machining by. Th© first -named 
is the templet projicr, the second is ofte n torim’d 
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a fixture, something which is attached to the 
pieoe of work, or vice versA, thus obviating any 
Kning out whatever. The advantage is that not 
only is much time saved, but any number of pieces 
machined thus will be all alike, which cannot be 
guaranteed when lines have to be worked by. 

The simplest example of the templet, or jig, is 
that used for drilling and allied operations [807J. 
The holes provided in it control the drill or reamer 
so that there can be no departure from exact 
centres. As the holes would wear in time with 
the friction of the drill, they 
are generally bushed with 
hardened steel [807], or cast- 
iron bosses are screwed or 
riveted to the sheet metal tem- 
plet [808]. Provision is also 
made for setting or adjusting 
the templet to the work, and 
this is often not an easy tlimg 
to design when fitting has to 
be made to rough eastings and 
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In strictness, the term tem- 
plet, though appli<‘d loosely to 
fixtures and jigs, signifies 
something by which work is 
lined out, though drilling t(‘m- -K 
plots, as just shown, aie con- 
stantly spoken of. A fixture 
denotes something which is 
specially dt'signed and at tochid 
to a machine for holding 
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one or more settings. They mav cost many 
pounds, but in an interchangeable system of 
manufacture the cost per piece becomes almost 
inappreciable, and often comparatively unskilled 
labour may be employed, since neither lining 
out nor measurement has to be done. In 
modem practice these devices are largely 
adopted. 

Subdivision in the 
Machine Shop. This is 
carried out to 
a greater extent 
than it was a few 
years ago. It is 
done in two wa}^ 
— either by group- 
ing machines un- 
der a single roof, 
or by arranging 
them in separato 
shojiB. In a works 
of medium size, 
the first is the better 
})lan, but as firms in- 
crease in dimimsions the 
latter poHS(‘88e8 advan- 
tages. In the first case, the 
(‘ntire shop can lie under the 
control of one foreman ; in 
ihfii second, since more than 
one foreman is necessary, it 
is bc'tter to keep the depart- 
ments in separate buildings. 
It is more convenient for 
power transmission and for 
handling materials and work 
to have machines grouped. 




807. STKKL BUSHED JIO 


802-806. TURRET PRACTICE 


808. JIG WITH CAST-IRON BOSSES 


special pieces in rep(*titive work without involv- 
ing tentative settings. It may or may not 
include provision for controlling the movements 
of tools. But if it does embo<W such provisions, 
the term jig is usually applied. Some of these 
fixtures and jigs are of a simple character, others 
are extremely complicated and costly. Many 
embody provision for controlling the whole^ of 
the tooling on an elaborate casting or forging, 
as planing, milling, dnlling, reaming, etc., at 

Coniiwued 


when in large numbers, in separate buildings. 
The modern method, therefore, is not to mix 
up all sorts and sizes of machines, as lathes, 
planers, shapers, drills, indiscriminately, but to 
have a heavy planing department, and a light 
one also, light milling machines distinct from 
the heavy, light drills also — a system which 
lends itself to the better control of tools and 
jigs, to the training of hands, and to economies 
in production. 
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VJ^HEN Edmund Cartwright invont/ed tho 
^ power-loom he imagined that he had 
discovered the principle of automatic weaving ; 
but practical exjiericnce soon showed him 
hU mistake. The loom itself would go on 
working so long as the driving power was 
applied ; but the w('aving ceastHi so soon as the 
weft spool in the shuttle 
was ('xhaust/t^d. Here tlie 
inventor met with an 
obstacle he could not 
surmount. The shuttle 
is not attached to the 
mechanism of the loom ; 
it runs to and fro, an 
inde|>endent unit. To Iw 
refilled, the shuttle must 
Ik> taken out ; this in- 
volves a complete stop. 

Wo have also been com- 
pelled to devise means by 
which the loom is thrown 
out of gear when the weft 
breaks. Her<^ is the prob- 
lem : How is the loom to 
be kept going whih* the , , , - 

shuttles arc lading changed, or while the weft 
supply is being inainta-in<^d V 

The Northrop Loom. Aft4T the lapse of 
1()0 years, and after many a man had worn him- 
self out with attempts 
to get over the difficulty, 
new^s came from across 
the Atlantic that ih«> 
problem had lieen solved 
by a citizen of the 
United States. The 
solution took the form 
of what is now known 
as the Northrop 
f 168]. Strictly apt;aking, 
the loom was a novelty 
only in the senses that 
it made commenaally 
practicable what had 
before been regarded as 
experimental. 

Continuouo Sup- 
ply of Weft. The 
main feature of the 
Northrop loom is the 
apparatus for the con- 
tinuous supply of sikkjIs 

to the shuttle. It was . .n 

originally intended to la? made applicable to all 
forms of existing looms ; but, as we shall 
fmm our examination of the appliance, some 
modification of structure was necessary. 
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The bobbin or spool carrier 1 164 ] is plaetnl on 
the breast of the loom. Two dises, ibe length ot 
the spool apart, an* sleevi*d on the supporting 
bracket, and on the inner sidc*s of thodises are 
set small springs wliieh bold the siiools. A guuvil 
is fornu^d on the sup|K>rting bracket to keep the 
lx)bbiii8 in jawition, while Uit* one n(*arest the 
loom, and in {Hisition for 
delivery, is const anllv 
push(*(l by a spring pawl. 
On the f)OHS of the' disc 
is a raU'lu't wdiic^b en- 
gages the spring pawl 
and n*giihit4^s its .action. 
Further out on the 
spindle bearing the spool 
carrit r, wi* find another 
disc over w^liieb the 
threa<l from the spool 
is UhI, and held tense. 

Spool. The spool of 
the Northrop loom is 
special |J661. In tin* tip 
is a little hole to lit on 
the spring of the bolder; 
on the butt <!mJ grooves 
or rings are mad(* to catch into the spring of the 
shuttle ; and the kjmk) 1 must. U* fairly strong. 

Shuttle. A common shut tie is H(>lid, w'itb 
an ey<* at one end for the tlireiiding of the weft ; 

but th<‘ Northrop shuttle 
1 166 ) retjuin'M to be of 
such a Mtnieliire that it 
will allow a h(m>o 1 to lie 
tlinist into it by mere 
foree, and yet hold it 
tightly. Inside, the 
Hhiitt/e is grooved, and 
a spring longue grim 
on to the m|m>oI ; at the 
end wliere the eye is 
reqiiinsl, a slit ofH*ns to 
»Mlniit the tensely drawn 
threiul of the Mpool, and 
thi*n ekmes willi tlie 
motion of the hsmi. 

Mechanism of the 
Feed. We, have M<»en 
the lof)lH, but the mmt 
iin|M»rtant parts are yet 
to fs’ examimxl. In the 
ordinary k)om, the weft 
fork Ht/ 0 |is the Uxim as 
mnm os the thread 
breaks ; this is the mechanism which the 
invenU^r of the Northrop has utilised for his 
purpose. Instead (A the hammcT and prmM*r 
acting on the sjiring lever which throws the 

3035 


WEFT C AIIBIKH 





Tixni«» 


belt off the driving pulley, they have a different 
function to perform. Connected with the slide 
at the end of the weft fork, we find a pair of 
rocking levers, one of which has on its 
end what is called a feeler [167], while the 
other acts on the spool carrier. By the com- 
bined action of these levers, the weft spool 
is taken from the carrier and driven into 
the shuttle. 

Control of Weft and Wkrp. When 
the weft is spent it leavtw a trail of thread ; 
to do away with this the Northrop loom is 
fitted with a cutting device which severs 
the thread at the edge of the cloth. Warp- 
breaking is also detected by another 
ingenious improvement on the usual warp- 
stop motions. It consists of a series of 
slottod steel slides in the healds, through 
which the warp is passed. If a thread 
breaks or slackens, the steel slide drops and ] 
stops the loom. 

WorKing the Northroo Loom 


belt off the driving pulley, they have a different looms of that class, which also have undoubted 
function to perform. Connected with the slide claims ; but there is one rival, at least, based 
at the end of the weft fork, we find a pair of on the same principle as the Northrop, and this 
rnckinor ipvArH. nn*> nf wliinlt Viaii Ua must be given somo attention. 

A cast-iron hopper, containing specially 
mode weft-cases, is fixed on the breast of the 
loom. The bottom of the shuttle box is cut 
auav, and beneath it a curved slot extending 
to the front of the slay has been framed. Two 
spring fingers arc fixed in front of the mouth 
of the slot, and project towards the breast 
beam. Af each side of the hopper a vertical 
slide is mountt^d, and thcs(5 slides between 
them hold a cradle, which keeeps the weft 
cases in jiosition. Upon these slides the 
weft fork acts when the weft fails, causing 
a weft-etise to drop down and into the 
mouth of the slot. At the same time, the 
jKiHition of the dropped case is occupied, 
breaks or slackens, the steel slide drops and 105^ When the slay comes back, the weft -case 
st^ the loom. spool of cannot obtain rc-admittance to the hopper ; 

WorKing the Northrop Loom. Northrop meets a solid resistance ; therefore, it is 
Assuming that the loom is going and the loom driven through th(‘ slot and up into the 
weft laid properly in the shed, we find all shuttle from which it expt^ls the spent 

the S])ecial mechanism of the Northrop out of weft -case. A weight brings back the cradle 




action — the push(*r is raised, the feeler is laid bai’k, 
there is no contact between presser and shuttle 
box, for the weft fork tilts at every beat of 
tho slay. 

But now 
the weft 
breaks, 
and the 
fork stands 
still ; the 

hammer, hitherto beating the air, is met by the 
slid(» on the end of the fork, which it drives 
law'k, setting the other levers in motion. The 
lever controlling the shuttle fee(l is brought 
up, and is met by a small iron projection on 
the body of the slay. By this finger the lever 
is brought down, and the k^mioI pushed out of 
the holder into the shuttle. At the same 




moment the sixx)! drives out the siieut or faulty 
spool, and tnreads its 
yarn into the shuttle. 

This action is clearly 
illustrated by 168. As 
will be noted, it was 
the forward movement 
of the slay which called 
those motions into play ; 
when the slay has swung 
back and reaelu^d its 
limit, the action is com- 
pleted ; before it comes 167. northro 

forward to make another 

lieat, the weft is in the loom, and weaving 
has been resumed. W4th the same act, the 
ratchet on the carrier gets a turn, and another 
8ix)ol is put into position. If. from any cause, 
the feeding apparatus fails to act, the loom 
stops. Every detail of this loom has been 
carefully devised, and covered by patents. 

The ** Burnley*’ Loom. Though the 
liost known of the automatic looms, the 
Northrop does not occupy the field alone. 
We do not refer to the Hattersley, and other 
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eelcr islaidbai’k, into its normal position. 

Bser and shuttle The “ Seaton” Loom. It has often 
t every beat of b(*en said that tlu* shiitlle is the thing which 

prevents tho 
loom from 
being com- 
pl(*t<‘ly auto- 
matic. Tho 

166. SHUTTLE OF NORTHROP LOOM inventors of 

the North- 

r, is met by the rop, the Burnley, and other looms less famous, 

which it drives have devised m(*ans of making the feed of tho 

in motion. The shuttle automatic ; but others have tried to 

feed is brought do away with the shuttle altogether. Reluctant 

»n projection on as we may be to part with such a faithful servant 

finger the lever of the textile industry, wh* confess to the lielief 

>1 pushed out of that m this direction lies the complete solution 

At the same of the problem. Of several devie(»s already 

[‘ s|)out or faulty U'ing tried, the loom knowm as the Seaton, 

Rt‘t*ms most typical and 
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promising. In this loom 
the shuttle is abandoned, 
and another contrivance 
adoj>U»d, which w'e must 
examine in detail. 

Weft Carrier. In 
the place of the shuttle, 
we find in the Seaton 
loom a double stt'el 
earner, with grippers on 
LOOM FEELER each end. This carrier 

has tw o motions ; the 
first drives it across the shod; the second 
pushes it further inward. During the first motion 
the grippers of the carrier arc closed ; during the 
set’ond they are open. When home, the grippers 
are again clost'd, and they hold a thread 

Weft Feed. Weft liobbins stand at the 
sides of the loom, and from the bobbins the 
weft is led up through a guide eye into a tube 
with clearing and regulating appliances. Thence 
the thread pames into a measuring and tension 
apparatus, which pays out to the carrier exactly 
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the length of thread required, and tlien the 
shears come up and nip of! the thread The 
carrier bears the ^eft through the shed, and 
the slay comes up and diives it home At 
the other side of the loom, the other end of 
the ‘carrier performs in the same style So 
thread by thread the loom tiorks without stop 
In other respects the Seaton lo(»m is controlled 
by the ^me mechanism as the (H)mmon i>o\vei- 
loom Should the weft fail from any tause, 
the weft fork will act and stop the loom 
Automatic Weaving. The three looms 
so briefly sketched are taken as ri presentat i\ e 
of the types of machine at prc'sent praotital and 
m actual work. There are many othcis, for the 
difficulty of the problems m\olved attracts 
ingenious minds, and the profit offered foi suc<‘e8s 
lb very great Though tliousands of Korthrop 
looms arc working on both sides of the \tlantic, 
and produoing cloth constantly, it can hardly l»e 
acceptc^d as the eompic'te solution of the piobi<»ms 
involved in automatic >\ea\ing Ihoduction of 
plain cloth is only the* fust slcq) m wea\ mg W e 
do not belittle the Northrop m saying thvt it is 
compU X machine , it is the common ]i(nvei 
loom, with thc‘ automatic appliances addc*d on 
Add further the complexity of the (lobby, tlu^ 
jacquerd, the s\^ivel, or the la])pel, and ^\e haAc 
complication of a iManldcaiiig kind Looms of 
the Northrop and “ Burnley ” haAc undoubtcally 
a usc'ful futures bcfoie them, but the gi(*at difh 
culty in the A^ay of complete <mtomatism in 
the loom has not Ix'en overcome. 

Some hint of thc^ possible solution of the 
problem may be got from the “ Seiton loom, 
AAluch discards the shuttle, but it seems that 
the whole method of forming tabrics should Is* 
thoroughly reconsidcTc^d Tlic lacc* loom, the 
Aarious knitting machines, the gau/e looms, the* 
looms with changing Asaips and (irculai shuttle 
boxes, all suggest that some' m ic hmc‘ hes hiddc ii 
which, if discoverc'd, would unify the wlioh of 
fabric manufacture Unknown to all huac their 
own w orkers, and, pei haps, a pn v il<*gcd obsci \ <•! , 
some manufactureis have already made con 
biderablc^ strides tow^aids the lealisation of tins 
ideal At the present moment there are liori/oiit ii 
looms upon which lace c urtsins arc wc»Aen , c loth 
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is be mg ni wle on wluit has hit Him to b(v*n deemcsl 
only a knitting maehine , the traditional alterna 
tion of warn and wift has been oltAiatcd in tin 
sei ret piociiKtion of sevc'ral kinds of him y 
fibiK ri M niystc ric^H he fai hi yond the Imiits 
of oiir pKHc lit study . hut wi point to tlie fai Is 
as showing how progress is Isung made, tliough 
no triiinpc tiiig proc laiiiis it, and as a Htimiihis 
to further effort Ueavirig is a ])ra<tical hiisi 
ness, and tin wise maniifac tiir< i is iin>r< »oii 
( ( nn*d aiiout in ikiiig a profit than at hn^x itig 
fann as an in 
veiittir Ift dt \ ih4*h 
nnflnsis of inaking 
ti tabiK for whi<h 
In Inqs*- tti havt 
salt tie in oKH 
supplied, h dmctntl- 
the incs hanisrn lor 
stnric'thing t Th* 
Ilf Id of m itiifhn tun 
IS strewn with dis 
carded c ontriAamc*** 
iriiriy of them xalii 
ahh^ if we coultl 
ri‘ro\er them Tin 
art of weaving Inc' 
j>rogresM(>d, ini I niut ii 
remains to Ijc* dtrrn 
Conltnued 
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Toothed Gears. We have seen that a l>elt 
or a rope does not transmit power accurately, 
but that a certain loss of 8pe(*d occurs, due to 
“slip.” Toothed .gears arc not open to this 
objection, and are ficcordingly em- 
jiloycd where motion has to lie trans- 
mitted accurately. Another advantage 
accrues from their usi*, and that is that 
they are much moi’c economical of 
space than belts or ropes. The __ 
simfilest form of toothed gear is 
shown in 86, and is t^rmi^l spur gear 
or spur and pinion. The larger of the 
two wh(H‘l8 is th(^ spur wh(‘el and the 
smaller one is the pinion. The 
term pinion is applied some- 
what loosely in practice, but 
is gontirally understood to 
mean thi* small(*r of any 
two who<»ls in (*ontact, 
or any whot»l having 
less than 20 U*oth. 

The dottcKl circU*s 
mark^l A aiv the 
pitch lines or pitrh 
circles; these an» tin* 
theowtieal lines of 
contact and from 
them im^surements 
are taken. Tlu^ piti’h 
of the Uictli, B, is the 
distance from the centre 
of one tooth to the centre 
of the next one When 
measuring a wlieel it is con- 
venient to take tlu* pitch from 
the edges of the twth, as B‘. 

That (Kirtion of the tootli, C, 
which extends above the pitch 
line is tormed the face or addendum ; while that 
portion, D, which liw below tlie pitch line is 
called the flank or dedindum. The extreme 
outer end, fe, of the tooth is the /kuo/, and the 
lower end, P, is the roof. 

Proportions of Teeth. 

The average English proportions 
of gear teeth are indicated in 
87 , and are os follows : 

Height of tooth above 

pitch line (G) . , 

Jh'pth of tooth below 

pitch line (H). . 

Clearance at root (I) . . 

Working depth of tooth 

(J) - '66 

TotaJ deptli of tooth (K) . . , . = *73 pitch 

Thickness of tooth at pitch line (L) ~ *47 „ 

Space between teeth at pitch line (M) = 53 „ 
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It is very essential that a manufacturing 
house should have all its gear patterns made 
to some uniform system of proportion, so that 
any two wheels the same pitch shall work 
together properly. A useful scale which 
approximates the above proportions 
and is used by some firms is shown 
in 91. The metliod of construction 
very simple. Draw a triangle 
having a base line 12 in. long and 
a vertical line 4 in. long, divide the 
vertical line into 15 equal parts, 
and draw hnes from parts num- 
bi*red 1. 5, 6, 7, 8, 10, and 11 to 
^ a the point of the angle. Erect 
perpendiculars on the base 
7 A ^ hne in such positions that 
^ / 7^^ t their respective lengths 
corresjiond with definite 
pitches, as J in., } in., 
J in., etc. ; then on 
any vertical line the 
tooth dimensions for 
the corresponding 
pitch may be tak(*n 
off with compasses, 
the proportions 
being : 

Height of tooth i)tt«h 
above* pitch line 
Depth of tooth Im‘- 
low pitch line* . . 
Clearance at root 
Working depth of tooth . . 

Total d(*i)th of tooth 
Thickiu*88 of tootli at pitch 


L'l 


If 

U 


86 . 


Sri’K WHEEL \ND 
riNlOxN 


scale 


line 

Space between the te<*th at 

pitch line 

is perhaps more useful in 


Ir, 


1 

the 



This 

pattern shop than in the office, as all the tc*eth 
are there raorkcHl out full size, and the dimen- 
sions can be taken off tlie scale direct and trans- 
ferred to the iiattem or tootli- 
block. 

Forms of Teeth. The 

forms of the teeth of gear- 
whc*cls have occupied the atten- 
tion of engin(*er8 to a very 
considerable extent ; an ideal 
gear would have a constant 
motion identical with that of 
two smooth-faced pulleys whose 
diameter would represent the 
pitch circles in contact. If the 
tootli form does not permit this constant velocity 
at the pitch line, then a more or less noisy and 
inefficient gear results. A badly-formed tooth 


PROPORTIONS OF TEETH 






- [ ifl contributory to 

r ”\ /*\ what is called 

/ f~T — ^xif'klash. A 

I \ j I variation in 

— ^ ^ ^ ^ 1 — velocity causes 

' relative move- 

88. DOUBLE 89. SINGLE mont between 
CURVE TOOTH CURVE TOOTH the teeth in pear, 

and they leave 
their driving faces and come into collision with 
the teeth in front of them, the amount of the 
backlash being equal to the 
clearance between the teeth. 

. TOerc* are two forms of / / 1 

teeth generally adopted — / / | > 

namely, double eurt^e ov D. ! \ / 

Cijchidal^ and^fl/ww/Zc rarrc or ' / I / 

involute. The , X H 

double curve tooth v \ 1 \ 

is sliown in 88 and \ V I AL/ 

the single curve 

tooth in 89. ^ 

A method of strih - . '' 

ing out the double ^ I 

curve tooth '7^ 'wMTiX 

is indicated \ 

in 90. A B X^C\i h J \ V \ \ .A \ 


/ I / 


OMWINO 

not a straight line or chord. Through the {Hiinta 
M. N, O, P, Q, and R lies the true path of the 
epicycloid curvt\ Tlu' hyp^ycloid is obtained in 
a similar manner, with the inner generating* circle 
rolling in the reverse dirwtion. Only a ]X)rtion 
of the curve is requiml for a tooth. Iis shown in 
hatched lines. 'Phe diameter of the geiu'rating 
circle has n great intluence on the thiekniHW 
of the t(x>th at the root and at the point ; if 
it were made of equal diameter to the radius of 
the pitch circle the Hanks of tlu* ttM'th wouhl 

J be radial straight 

, lines. Now, the same 

/T\ . generating circle 








H 


1/ \ y 

' / ' A 




\/\/ / / 
uJvL', '/ / / 






V y 


is the pitch circle, uliose 
centre is at Fjion it 


; wr\ \ 

\ \ s '' X 1 

\ \\\\\ ! 
dlOHC \V 


y y ! I / 

t j / ' / / vinch IN used lor a whis'l 

/ f i ^ / must also be iiseil for any 
/ / / ^ / hIiccI or junion which has 
//.'/// to gf4ir with it, therefore 

/ • ' / / ^ the diameter of n generating 

I //// ^ circh* is limited to the radius 

/ / / / of the hmallest pinion of any set 

j / / / »»t ''licels gearing together, other- 

f / ^ uise tlie teetli would be li*sM 111 thiek- 

/ / / ncHK at the root than at the pit/ch line, 

y and the utreiigth of pinion would be 

reiliiced The reeogniN<«d limit for the 
lowest niiiiiber of teeth in a pinion is 
12, but JJ, l<h and even if t^-eth are 
^ not uncommon on eram^ and 

winches 'J’akirig, lu^wever, 12 teidh 
■!*KVE fbe niinimuni m average pra< - 

ticc‘, the diameter of 
the generating circh* works out 
to priM’tically twice 

the flitch. I 


/ / / 
' / /, 


rolls tw*o circles, 1) and K, \ \ |/ /7V^/ 

UTmed generntiwf ardeff. V\\ 'Mr //v/ 

The outer one, T), describes 
the outer or f picydnid curve ; 
the inner one, E. descrilK*s 

the inner or /i///xir//r/mV/ curve. ^(|r 

The diameto of each circle *“ q 

may be taken at twdec the j 

pitch. Taking the outer 90. < vrLoii>\L ct^itvE 
circle first, mark it out in 
a number of equidistant positions as shown, and 
draw the centre lines through to (' ; then take the 
arcs F G. F H, F I. F J. F K, and F J., and 
step round similar arcs on the generating < irci«- 
in its various positions so that G M is "qual to 
G F, H N is equal to H F’, I O is equal to I F, 

J P is equal to J F, K Q is equal to 
K F, and L R is equal to L F, 
remembering always 
that the curved line or 
arc must be 
measured, and 


I "///// 
w 1 1 / /////■' 

W \ I ;7.'/// 


Ti- 





The Odontograph. The odontograph is on 
instniment invenU^ to avoid the laliour of mark* 
ing out the eyeloidal curves for eacdi and eveiy 
size of wheel and pinion that may be required. 
Suitable radii are given upon the instrument for 
Uie faces and flanks of teeth for all ordinary num- 
bers. One of its edges is .cut to an angle of 75°, 
which can be laid in certain definite positions 
relatively to the pitch and pitch line, and so 
used in order to obtain the centres of the radii. 
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The odontograph is shown in 92. It can be 
made by the student of stiff drawing paper or 
Bnstol board. The width may be lOJ in. and 
the length 13i in. measured over the point. 
The angle of the sloping edge is 75°, and this 
angle is carried through as a line to the ed^ 
of the scale. Marking this line at zero, the sciue 
is laid down parallel to it right and left in | in. 
divisions, each division being subdivided into 
10 parts. The scale on the point comprises 






08 METHOD OF STRIKING ^ ^ 1 

ODONTOGRArH FAt ES ' ' 

40 divisions, whilfii the scale on the otlui I 
side has 200 divisions; the forrnei gives | 
radii for fans of teeth and the lalter gives \ 

radii for the fl^tinks It is ve’iy coiuennii1 j | 

to have the tables of <<*nties on the insltu- j 
ment as shown |92] j 

How to Use the Odonto^raph. | 
First of all draw the* pite h circle of the wIhs‘ 1 
required, also lines rcpn'Henting the tofw and 
roots of the teeth , then lay down the pitxh 
and bisect it on tlu' pitcli line, obtaining points 
A and B (93 and 94] , tin ceiitu of th< bmution. 


MIAWINO 

of the tei'th ; one compass leg is plactxl against 
that number on the scali' of crtiitres for the faces, 
the othei leg Htiikes the fa<*e curve from (t 
'•j SupjHim' the wluHil to 

-vj- hu\e 40 tiH'th 21 m 

-AL pibh, then lunordiiig to 

tahU the ladms 
J leiitu IS ut Ht <>n tlu» 

I I ‘^talc Ila\ ing once found 

this <«»ntie, a dottcsl 
j cinle 1) mn\ he dra>\n 

I tlii-oiigh It luid usihI as 

1 a hfiKf (inh foi sti iking the faus ol the othei 
I l(s*th. ket ping the ladiiis c oiistant foi (‘ai h fiu e 
I To strike the flanks (94| a similai method 
I IS ado}>ti*d, hut the odontogiaph is now laid 
I M ith the angksl edge on It. tin s< ale islg«* again 
I cutting th(‘ pitch line The iei|niitHl radius 
I numlsi IS now lend otT llu tahh of “(Vnties 
I foi the (tanks of the tic'th. and the eom|NiNs 
j l«g placed on tlie ( oiiespondiiig niitnlier on 
I the scale foi the flanks, the* otlu*i conqaiss 
I leg strike's tlu' flank <*ui\i fioin (> AHHumiiig. 

I as iK'foie. the' whec'l to Iuim' 4(t teeth 2J m 
I pitch, the ladius ceiitie is at 3r», and a doticMl 
ciicle K ma\ be diawn tliiougli it as a fni/n 
ftff/f foi striking the flanks of tiie other tcM*th 
Till' odontogiaph cIchn not piovnde for 
)miions having Ic'hh than 12 teetii, and sticih 
pinions must then foie he set out by means 
of gc ne'iating ( lie le s, as picMoiislv d(«KerdKed, 
the' dianie'teis of the* enele's being takeai at 
half the' dieiiiie'te'i of the' piniein 

The' depth of wheel tee'tfi is e|Uit<* in< 
de|M'ndcnt of the tooth eeiive's. and it may 
Is notenf he ic that then is at pie'sent a 

eristinel tenhni\ to use sboitei tee'th than 

r tcm j foinie'ily , this tendency 

I, takes e fleet in innciiitii* 



94 METHOD OF SWIKING ODONTe.»e.l<ArH FI ASKS 

O, Ix'comcs the edge of the tooth To stiike tlie 
faces f lay the odontograph on the drawing, with 
the anglexl edge on Ime' A [93J in such a jawition , 
that the scale edge just c uts the pitch lint The 
radius of the face is found by reding tfu' radius t 
number off the table of “ Centres for the' fact's 

Conitnued 



e lit ge ai (rhseiils'e! in 
tlie next lesson), and 
woiilel iinetoiiiitc eliy oh 
tain III oieliiiaiy east 
ge*ai but foi the* eon 
fusion that weund arise 


III iiiariy e iigine is shotis 
fhioiigh inteifeienci with existing prac 
ticc Cyeloidal and involute curve's 
are the'Oictic al line s, and eio not vary. 


but tooth pioportioii me .ubitiary. 
and are tle'teiinine d by trial anel eiroi 
in iictiial praetice Kor instance in 90 
it will U seen that the te'tigth of the 


tooth can Is variec] without a flee ting its 
true' curve , natuiallv a short tooth will 
earr\ a gic'ate'i load than a long one' iti 
an inveise propeatioii to its length , the 
tooth itself IS norironger, hut the k'ngth 
e)f the earifilever is k ss Working eon 
ditioriH demand fcMtli of sijflie ie*iit fe'ngth 
to eiiHure gensl e ontiie t e ye n whe n whewls 
ure not set aeeuraDly and the pibh 
c ire le*H do not e'oinenle In eh'aling with 
gears b) transmit great jMiwe*r, it im usual 
to design the t^eeth sjs'< lally, anel then 
the* length of the t-esifh may In* nduexjd 
to 5 of the jiileh, or even le'ss. 
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ITALIAN 


By Francesco de Feo 


THE PRONOUN 
Personal Pronouns 

The perBonal pronounft are Babfttaniivcs of 
throe perHons. 

The firHt peraon indicates the person who is 
spc'aking ; to cavmino, I walk 

The second person indicates the person to 
whom we speak : ftf leqqi^ thou readest. 

TJie third person indicates 1 he person of whom 
we speak : eqli canfa, he sings. 

First person singular to (suiij.), I ; we (comple- 
ment), me (pronounced ee-o, meh). 

First jnsrson plural noi (subj. and compl.), we, 
us. 

Second person singular tu (subj.), thou ; 
tc (comj)l.), tht*e (pronounced too^ teh). 

Second jierson plural voi (subj. and compl.), 
you. 

Third person singular, masculine, cgrtt, eaao 
(subj.), he, it ; /wt, tarn (compl.), him, it. 

Third person singular, feminine, ella, eaaa 
(subj.), she, it ; lei, eaaa (coni})!.), her, it. 

Third jierson plural, masculine, eaai (subj.), 
they ; loro, eaai (compl.), them. 

Third person plural, feminine, ease (subj.), 
they ; hro, ease (<’ompl.), them. 

For both genders and numliers : a^ (compl.), 
oneaelf, himaelj, herself, etc. 

1 . The forms lui, lei, loro, are commonly used as 
subjects instead of egli, eaaa, etc. This is the 
case (1) nhen attention is narticalarly called to 
the subject ; (2) after anche (also), piU (more), 
nrmmeno ' (not even), and similar words. 
Examples : Lo dice lui (ma non to). He says so 
(but not I) ; Awhe lei era Id, She also was there. 

2. The forms wc, te, lui, etc., must always bt 
used instead of the subjective forms when* they 
stand Its the second term of a comparison. 
Examples : Eqli studio piu di te. He studios more 
than thou ; Jo aono meno ricco di lui, I am less 
rich than ho. 

3. The pronoun of the third person ae is alw a^'B 
referred to the subject of the sentence, as: 
ISetro penaa per il auo amico Carlo, ma Carlo 
pettaa solo per ae, Peter thinks for his friend 
riiarlea, but Charles thinks only for himself. 
(Note that per lui in this sentence would mean 
for Peter.) 

4. Noi and may be strengthened by the 
addition of altri (for the masculine), aUre (for the 
feminine), as : Noi altri andiamo a eaaa. We are 
going home ; and all the pronouns may be 
strengthened by placing after them steaao, -a. 

-f, which correspond to the English self, selves. 
Example : L'ho visto to stesso, I have seen it 
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myself ; Eaaa ateaaa venne da me. She herself came 
to me ; Egli penaa solo a ai steaao. He only thinks 
of himself. 

5. Pn‘po8ition& {di, a, da, in, con, au, per, etc.) 
are followed by the objeetive forms, as : Jo non 
ho fiaura di lui, I have no fear of him ; Ho una 
lettera acritta da lei, I have a letter written by 
her ; Venite con me. Come with me ; Pietro i 
amlato con lui, Peter has gone with him. 

6. Instead of con me (with me), con te (with 
thee), the contracted Latin forms meco, teco, may 
be used. Note that aeco means con lui (with 
him), con lei (with her). 

Exercise XXIII. 
caacare {cah-aedh-reh), to fall 
cafnre {cah^pee-reh) to understand 
accompagnare {ahccompah-needkreh), to accom- 
pany 

tenerc {tehnih-reh), to keep (to have) 
j}acco {pdhcco), parcel 
propoata {propdatah), proposal 
hiaogno {heead-neeo), need 
ini'ect {eeni'^h-cheh), instead 

Note the following expressions, in wiiieh the 
verb “ to be ” in Itahan must agree with its 
subject : It is I, aono io ; it is thou, aei tu ; 
it is he, ^ lui ; it is they, aono eaai ; it is not they, 
non aono eaai ; it w^as not wt, non eravamn noi, etc. 

1. Noi abbiamo lavorato piu di voi. 2. 
lettera e stata scritta da me e non da lui. ,3. 8e 
VOI aecompagnate me, io accompagnero voi. 
4. Emho p^nsano sempre tutto il contr^irio di 
quello che dicono 5. Loro erddono di far bene, 
e in vece fanno mol to male. 6. Noi non abbiamo 
raai niente ; essi tengono tutto per loro. 7. Lei 
e gentilissima, ma lui no. 8. Quando siamo 
stall m bisogno, esse hanno sempre fatto molto 
noi. 9 Tu p<*nsi sempre a te, e non pcnsi 
mai ngli altri. 10. Un signore ha domandato 
di voi- 

Exercise XXTV. 

1. Where are you going ? If you wdll wait 
a little longer I wdll come w ith you. * 2. You have 
come in time; we were just speaking of you. 
3. WV thought it was he, not she. 4. One 
should learn to do everything by oneself. 5. 
W^-* have written to him as well as to her several 
times, but they never answered our letters. 
6. Who has broken that vase ? 7. Not I, 
it has fallen by itself. 8. To whom have you 
consigned the parcel — to him or to her? 9. 
To neither of the two, because they were not at 
home. 10. I cannot understand {non poaso 
or non so capire) w'hy he has made such a pro- 
posal to me. 






Idioms 

The four irregular verba of the first con- 
jugation {stare, andare, dare, fare) are used in 
many idiomatic expressions. 

The most common of these expressions are : 
star hene, star male, to he well, to he ill 
star star peggio, to Ik' better, to lie worse 

come state ? how are you ? how do you do ? 
state a sentire, listen 
stare a disagio, to be uneasy 
stare in forse, to be in doubt 
stare in pensiero, to be anxious 
stare allegro, to be gay 
star qvielo, to keep quiet 
ondar Ha, to go away 
andare a nwnte, to prove vain 
OTidar teritoni, to grojio about 
andar d'accordo, to agree 
iHi bene, good, all right 
dare a intendere, to make one lu'lii've 
dare in prestito, to lend 
dnr disturho, to trouble 
non fa niente, no matter 
far tardi, to be late 

rhe tempo fa ? what kind of weatlu'r is it ? 

far mosfra, to make a sliow 

far calazione, to breakfast 

far CAtntf), to reekon 

fatemi saphe, let me know 

far attenzione, to pay attention 

fare a meno, to do without 

far fronte, to fact* 

far or^chio del mercante, to prt'tentl not to 

hear 

( V)N VERSA ZION K 

(Jhc tempo fa V 

(.attivo tempo. 

Sara mAglio aspettare aneora uii poeo. 

Aspettaie voi ; io vado a cercart* una can o 7 //.n 
e ritorno subito. 

Va bene ; ma fate presto, se no fareiiiii 
Iroppo tardi. 

A veto fatto oolazione ? 
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LAMQUAaM^TAUAN 

Si ; ho ineontrauiun niio amico, e ho fatto 
oolazione eon liii. 

Come sta vostro padrti ? 

Sta molto intaglio, grazie. E come stanno i 
htimbini ? 

La bambina seinpre un )H>'palluluceia ; 
sto molto in pensiero per lei. 

Che eosa farete domani If Andrei e di uuovti 
dn vostra eugina ? 

Si ; andro da lei. l*ov<*rina, non sta btuie 
Quando fate eonto di restare uii j>o' eon noi ? 
Snero di esser llbero |»er la iirossnna si'llimuna. 
e allora profitlero della vostra g»M\lile/./,a. 

(\ui ehi avete parlato, eon lui o eon lei t 
Mo ]>arlato eon lei, ina (piest'i sera o domani 
al pill tardi andro a ]>arlare ant'ht* eon lui. 

Fate attenzione alle loro parole. 

Key Tt) ExKRcisK XX |. 

Amlremo ? .Andiaino. Non andianio. Non 
andreino. AndArono. Andaniino. Io diedi. 
Non (laro. l.s) {it) farete* ? Lo fo or tAeeio or sto 
faeendo. Lo fanno ? Ntin daranno ? Sta ? 
Non stara. .Andaste ‘t Sono iindato. dessi. 
Non dar(*hbe Y Essi n«m Io farebbero. Non 
andro Y Non andaste. Sarelibem andati. Se iii 
non fossi andato 

Note. Tin* eoinjiound teiisc's of the verb 
niuUtre ar<‘ fornu'd with the auxiliary issrrr 
The past partieiple alter rsnerv must always agret* 
with thf* subjeet of tin* sentenee. 

Kky to Exkucihk XX IL 

1. Noi amliarno a teatro stasera. 'J. Voi 

dove andati* ? '1. Che eosa fartMuo domani Y 

4. lo vado o; andro m (‘ainpagna. Ti. Not 

andreino a veden* la eliiesa nuova. (1. Che 

eosa fatt* Y 7. Sto t'opiando un inti*resKan 
tissimo passaggio da qiiesto libro. H. l)ate 
<|ualrh(* eosa da^ mangiare a (piesto raga/./o ; 
ha fame. tb E neec'ssario ehe io vada in 

eitta. 10. Faeeiaino presto, e molto tardi 
II. Io vado un pen-hino luori e ritornerb a ora 
di pranzo. 

Continued 

By Louis A. Barbe, B.A. 


VERBS — continued 

Peculiarities of the First Conjuga- 
tion. 1. Verbs ending in cer, siieli as oeuwo/-, 
lo advance ; prononcer, to pronounee, take 
a cedilla under the c h<*fore a and o, as an 
indication that the soft sound of the c i.s to Im* 
retained : ntjus pronongdmes, mnis 

2. Verbs ending in (jer, sueh as nanigii, to 
eat ; partager, lo share, retain f after a Indore 
a and o, so that the g may havi* the same scdi 
sound as in the infinitive : nons movgeofiM, 
partageant. 

The tens(*8 and persons aflivted )>v ihes#» 
two rules are showm in the following table : 

Indicative 

Present 

jams ai'an^ons 
nous mnmjeons 


I m per f n’t 

f’aran^ais, tu avnn^ais, il um»^ait, its uran 
eonnt. 

jr tiuingeais, la mangmiM, if mangnnt, tis 
mangeaienl. 

J*(tsf /h’fimft 

j tit nmriras, it itrant;a,nes, 

txtus amn^iUes 

jr niangrai, tu wotufniH, it matignt, nous 
mungrdmrs, t'tjus mnngrdtts 

Imtekativk 

amnions 

rtutnffeoTis 

SIJB.IIJNCTIVK 

Imperfect 

que j'amn^/tsse, tpie tu nwin^usses, tpt'il amn^/U, 
que wtus amn^sitms, tpir rous amnpttssiez, 
qu its amn^assent. 










fue ;e mangeasae^ que tu mangeMaes^ quHl 
Tmngedt, gue noua mangeMaiona, que voua 
mangeaaaieZf qu'ila mangeaaaerU. 

Participle Present 
avangant 
mangearU 

8. Verbs ending in eler and eter double the 
I and the t before a mute f. so that two mute 
syllables may not follow each other : appeler^ to 
call ; fappelley I call ; jeter^ to throw ; Us jetient, 
they throw. The tensers and persons affected by 
this rule are shown in the following table : 

Indicative 

Present 

fappelle, tu appelles^ il appelle^ ila appellent ; 
je jkte^ tu jelteSy il jettCy Us jettent 
Future 

fappellerai, tv apjtelleras, il appdleray nmia 
appellenmSy vovs appellercZy Us appelleront. 

je 'jeUerai, tu jetteras, il jetterUy nous jetterona, 
vouH )ettercz, Us jetteront 

Conditional 

Present 

fappelleraisy tu appellerais, il appelleraily noua 
appellerionsy mus appelleriezy Us appellentient 
je jeiteraiSy tu jetteraisy il ptteraity nous )dtc- 
rionsy mua jetterieZy Us jetleraient. 

Imperative 

uppellcy qu'il appelky qvHls appellent; 
jettCy quHl jettCy quits jettent. 

Subjunctive 

Present 

que j' appelky que tu appellesy quil appelky 
qvUls appellent ; 

qve je jette, que tu jetteSy qvil jeftCy qu'ils jettent. 
It is to be noted that, although tlic infiniti\o 
has but one 1 or f, the future and the present 
conditional, which are formed from it, double 
the consonant throughout. The reason for 
this is that whilst in the infinitive tlu‘ r goes 
with the e to form a sounded syllable : 
je4ery after the addition of oi or ais, etc., it is 
joined to these endings, and leaves the preceding 
e mute : j'ajhpe-le-raiy je je-te-rais. But this 
new division of the syllables gives two con* 
secutive mute syllables. It is to avoid this 
that the consonant is doubled : /’op-pcZ-fc-rot, 
je jet-te-raisy etc. 

4. A few verbs in elkb and eter, instead of 
doubling the I and the t before mu we c, take a 
grave accent on the c that precede.^ thow 
consonants : achetery to buy ; jfichetey I buy ; 
geleVy to freeze ; il gHey it is* freezing. Such are 
the following : 

bmtrreleTy to torment achetery to buy 
celery to conceal becqueter, to peck 

ciseler, to carve breveier, to patent 

gelery to f rtH»ze croeheter, to pick (a lock) 

demantdery to dismantle dMUeter, to uncover 

the neck 

denUUry to indent dhhiqueiery to cut up 
icarieUty to quarter eponsseter, to dust 
harcekTy to harass etiqnetery to label 
peter y to peel haleter, to pant 
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5. Verbs that have a mute e in the last syllable 
but one of the infinitive, take a grave accent 
on that e when it is followed by another mute 
syllable, as mener, to lead ; je mhte, I lead ; 
aoulevery to raise ; je aovleverai, I shall raise. 

The tenses and persons affected by this rule 
are the same as those that double the I and the 
t in verbs in eler and rfer. 

6. Verbs that have e in the last syllable 
but one of the infinitive, like esperery to hope, 
ceder, to yield, change the acute accent into a 
grave accent before a mute syllable. 

This rule does not, however, affect the future 
or the conditional: 

cedery je cedty ila cHenJty qu'il cedty but je 
cideiaiy je rederais. 

1. Verbs ending in yer change y into i before 
a mute syllable ; player y to bend, je ploicy I bend ; 
cs^uyery to wipe, pessvierai. 

Tlie tenses and persona affected by this rule 
are the same as those that double the 1 and the 
t in verbs in eler and eter. 

If the ending yer is pr(*oed(*d by a, as in pay cry 
to pay, the y may be, and usually is, retained 
iK'fore a mute syllable: je payCy ^e 

pnqfrai. 

8 It is to bo noted that in the ordinary cour.se 
of regular conjugation verbs m ier, like prier, 
to pray, take ii in the first and second persona 
of the imperfect indicative and of the present 
subjunctive : nous priionSy vous priicZy que 
nous jmionsy que vous priiez. 

9. It is also to be noted that verbs in ter, 
regularly takt‘ ee where other verbs have only one 
c, as ngrecTy to accept, j'agrhy I accept, il agreerUy 
he will accept. In the masculine past participle 
they ha^ o ce, and in the feminine eee. Examjile ; 
ct<(\criee: L'dme a He creee immortellty Tlu* 
soul has be<*n created immortal. 

EXKKfTSE XXV. 

I. The more he advanced in age, the mor(‘ 
he advanced in wisdom (la sagesse). 

2 The manner (la nuinihc) in which (dont) 
the Romans pronounced Latin was very different 
from that in which wo pronounce it nowadays 
(to-day). 

3. He divided his fortune between (enlre) 
his thrw children. 

4. According to (sehn) a French proverb 
(k provcrhe)y appetite comes from (en) eating. 

Ho invokes (calls) upon his benefactor 
(hienfaiteur) the bles.sing8 (benedictions) of heaven 

6. It is said of a man who squanders (dissiper) 
his fortune, that he throws his money out of 
(par) the window'. 

7. That letter brings us (annoncer) good news. 

8. The lesson begins at page seventy. 

9. Send that timepiece to the watchmaker's 
(horloger) in order thi^t he may put it right 
(arranger). 

10. I would wullingly (volnntiers) wager 
(gager) a hundred francs that it is not he who 
w ill carry off the prize. 

II. In 1660, cWles II, was recalled (rappeJer) 
to the throne (If trdne). 

12. That fish is too small ; throw it I>ack 
{rejeier) into the water. 
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13. When the fishermen are out at aea (en 
pLeine mer) they will cast their net {Ic filet). 

14. Those w^ho employ (employer) their time 
badly are the first to complain plaindre) of 
its shortness (brievete). 

15. Light takes (employs) from seven to eight 
minutes to come to us from the sun. 

16. We often pardon (pardntiner it) those 
who bore (ennuyer) us ; but we rarely pardon 
those whom we bore. 

17. We have bought the victory at the price 
of our best soldiers. 

18. What is bought retail (en ditail) is 
dearer (cher) than what is bought wholesale 
(en gros). 


19. It luMi fro7.<‘n all night ; if it still fri*ey.eM 
to-morroM wc shall {K'rhnps 1 h» able (fHiurrtm<e) 
to skate (ftatiuer) Saliirday. 

‘2d. (Jod dn*\i (tirer) heaven and earth from 
nothingness {h tmird) : He created them by His 
won! (la ptroh ). 

21. Accept (ayrnr), sir, my restart f\tl salu- 
tations (a) formula (la formuh) which is otteii 
used in ending a letter. 

22. We art* .somt‘times obhgt'd to yit hl (rtdtt) 
to circumstanct's (citraastanet) 

‘23. It is not ht* who )>osst*sHt's his tt>rtum*. it 
is his ftirtum* that ]H>sst'ss(*s him 

24. Kvery road lt‘ads to lhaue, savs tin* 
p.Hiverb. 


Continued 


GERMAN By P. G. Konody and Dr. Osten 


LXXI. Verb* with Two Objects. With 

transitiveHiidrcfiectivevcrbH[sceXJiI.,i)age24Stt] 

the object (answering the tiuestion U'Ctt ? w hom ( 
or me>'l what 0 Htands in the accusative (m‘arer 
object). If a second object, that of the ihuhou 
( answering to the question trem/ whom' orunu'O 
is in the sentence, it stantls in the <lative (more 
distiiiit object ). In sentences with twM> objects 
the dative object prec<*des t ho accusative, unless 
the latter is a personal pronoun: t^r bfiii 
Settler (dative object) ein \nintcicii (accusative ob- 
ject), he gave the beggar [an] alms; but . er 
(tab eei (accusative object, personal pronoiiii*) 
bem ^IVttlfV (dative object), or: cr tV'l* d'Wt. 

It sliould be remembered that the ref1ectiv%i 
pronoun ftd) is the s#iiiie in the dative and accu- 
sative. In sentences with two objects the 
distinction between the cases sounded alike can 
therefore only be made by putting the ijucstioii 
'il'CUi f to whom ' - corresponding with the dative 
<»f the person: Tn ikatfahrev liat fidi mlftJt, the 
cyclist has hurt himst‘lf (wlmm { accusative oh 
ject); and; TfV iWarfabrci l;at fid' (dative object) 
iaei 'IViri (accusative object) vcilf^h (\>cbsl 
has hurt his leg (literally : The cyclist, has hurt 
himself the leg). In the latter sentence the 
dative fid) answers to the question (htcially 
translated) : To w’hoin lias the cyclist hurt the 
leg ? 

The verb ivcrffii, to throw , is used irregulaily 
with dative and accusative objects : Wr iva.' » hu 
(accusative) irt ben £ant, He threw him into the 
sand ; and : (^T ivarf ilttn (dati\ e) ;sant (a<'cuwit i\ e) 
in(!i(%nd't, literally: He threw him sand in the 
face (He threw' sand in his face) and : t^r irart 
ibr. (accusative) mit 'Sant ine< H<* fs lted 

him (accusative) with sand in the hue In 
similar manner are used : t^uicm (flative) oi (Miieii 
(accusative) anf bic Ringer flmen, to kinsk flap) 
someone, on the fingers, in iwcoi dance, with th«* 
(piesticm ivem (dat ive) ' or li'en (accusat ive)' whmii 
(^infm (dative) or l^inen (accusidive) in etc ‘ii*ana(ii 
fneii'en (or fneiffen), to pinch someone’s checks jin 
the cheeks] ; and the verbs fd'iwibfn to cut ; 
ftfthen, to sting ; bei^en, U) bite (to itch) ; trftcn, 
to step (to tread on). 

LXXII. ItttranAitive Verbs Govern- 
ing the Dative. tlf«nv intransitive and c*»ni- 


poiiml verbs riMj Hire the compli'incut of n iioiiii 
standing in the dati\ e, or g<*vt*ni lht‘dati\<‘, such 
as ,\d' iUtiUH'rie .Muicn (dntivc), I aiiswi'r >ou ; t’lr 
aluiclt ffincm (dative), He resembles his 

fathi‘r ; 'Itfaji mill? tfi '.’b't iV’l'i'td'fn, < >iic must nlu‘y 
necessity; frUvf bci jLihrtr, lb* folh'wed the 
track; tic. Where llicsr imuiis ur»- ot the 
pcrstmal kind (jicrsoual siibstaiit ivt‘s or jK*rsonal 
pronouns), this tlalivc is a “dative of the 
person,” in all other cases a “tlatixe of the 
tiling.” Similarly the tlnlne is n*quire<l hy 
scveiiil rctlective verb.s (retlectiiig an action on 
Ih * acting person): ri I'lltt fid' (rctlcct i\c pronoun 
dativi ), lie licl[iH hiniKclf. The following list of 
\crl»M requiring a comph'nicnt in tin* datixc 
slKMild bi‘ carefully commificil to nicmor> ; 

.Many compounds with the prepositions 

ab-, ail-, atif-, aii^ , bfi-, fin-, cut-, ft-, wdV, iiad'-, 
vi't-, pi-; for inslunci*: vib^l'cltcii, to remedy; 
ab'ialrii, t(» tli.sHuadc from; au'vV’l'i'itu, t‘’ belong 
to: ait'lUl'Cii, t<* lK‘seem, losinl ; iiiiMallfli, lo be 
striking, to • Itracl ntteiitioii , aiM lMI|»‘n, t.. wail 
for, to w'atcb, t«* sp> ; aiiM'fltui, to rcinlei 
teiiipoiarv assistance; aiu'''iv'tui'rii, to exiuh*; 
Iviirdicii, to help, relieve; bf ritiiiniirii, to agne 
with, to assent l»»; fin'tallni. In tall in, !<» 
eoiiie into tin* iiiiihI ; fiii'liri'in, to answer i<n ; 
fltttlic t'fll, to escape, to riin aw'uy : iliUViin am, to 
escape, l<» spring, t<Minse; ri)d'fl'llfn, to iqipear, 
to be evident ; cilu'ant, to suicmiih, to yield ; 
mifuarini, to dmjilcusc ; miHb* dill, t«» fail ; 
iiad'^trrid'fii, t o search, to iiifiuin* after ; iiad' llflhu, 
to place behind, to pfirsue ; m'bdiadi. to bi nd 
forward, to pn veiit ; Vin'fomrticn, to on ilaki , I* 
<KTur; pi'fallcii. to hIiuI (of itsidf) ; pi'ul'di, (o 
look at, to connive at ; and maiij oth*i n*rtm, 
sue b as ablicltl, to |e^eMlble ; aill'irrilril, loanswei ; 
blfibcii, to lemain, laidm, to thank : tifiim, to 
serxe- irrUcn, to ilircAti ii . aUideii (tbiicm), to 
succeed : id>arni (dnirm). to hint, to daiiiagi-, to 
Kpiiil : purlieu, to be angr> , Kund'fii, to listen, et<'. 

LXXIll. ImperAonAl VerbA. There uiv 
two kinds of iiiqsTKonal veibs, 11 m‘ real and liie 
sceiiiifig- the former conni'ct4‘d with the neuter 
Ta'i’Honal pronoun te. it, as their real and sole 
Hubicct, whilst with the latter only 

the real Hub)eel. For inslanec in id'wtiibfi. 
imr. I am dizzy [in the sense it fan unknown 



fomw) is dua^ witiiki ois], tbs Tssb 
h A ml impsrson^ mb; but iu tbs ssuteuoe 
dl fdlftoinbctt miv bet Jtobf# My head is dim, 
^e pronoun precedes the snbieot ,,bet M^r* 
and the verb is only seemingly impersonal. 
Many real andseeminj^y impersonmyerbs goyem 
the datiye of the person. With some ^e^'^ can 
be omitted: tiBu (ee) Sl^ticn? How are you? 
^ow is it with you?], but fflie ae l^t cs 3bn*n ? 
How are you? [how is it ffoing with you?], where 
the eS cannot be dropped. 

1. In their impersonal form the yerbs fd^nnn^ 
bfln, to be disay, giddy ; olffnen, to forebode ; 
f(^inm, to shine, to appear, to seem, govern the 
dative of the person. IDfiufen, to seem, to 
^pear, governs the dative or the accusative : 
CrS bunh (b&ud^t) mtr or mi(^, Methinks, it 
seems to me. ^e transitives freuen. to rejoice ; 

to delight in ; betruten, befutnmetn, to 
trouble, to grieve ; »erifb<n, to hurt, to wound ; 
fd^^merien, to ache, to suffer pain, etc. govern the 
accusative with U, if there is no other subject: 
dei fveut mt(^, I am glad [it gladdens me]; dd 
mtd), It hui^a me, it grieves me, etc. 

Some of these verbs have no passive form ; 
it is impossible to use frcum, to rejoice, in the 
pmive voice and to say : 3(^ but gffrcttt, etc. 
The passive voice is in these cases formed by 
the help of compounds with the inseparable 
prefixes et-, br*, etc. : 3d^ bin e t ftrut, td) n>av 
erfteut, etc. ; btn b t fummert, I am grieved, etc. 


The following verbs are used with the dative of 
the person : fe^len, to miss ; ntan^dn, to want, to 
lack; genfigrit, to suffice; gefaUen, to please; 
bc^agrn, to suit, to please; tr&umcn, to dream, to 
ima^ne; nti^ratm, to fail, to miscarry; fe^b 
ftblagen, to fail ; ffanmbtn. to become clear about 
something, to dawn upon one ; ctn'lend^^ten, to be 
evident, obvious ; frei'flrb^n, to be at the disposal, 
to be at liberty to; gqiemrn, to become, to 
beseem ; nct'fotnmen, to happen, to occur. 

2. With transitive impersonal verbs the g6ni> 
tiye is sometimes used in the place of the subject 
in the nominative: 9Ri(l(^ janunftt ttefu: 

1 feel pity for this man (literally; this man 
grieves me), or: SDlid) jammert birfrf Sllenfdften 
(genitive): ber (genitive), it is 

worth while [of Uie while]. 


LXXIV. Verbs Gowerning the Geni- 
tive Cnee, The ^nitive is also used in 
certain oases with the auxiliary verbs fem and 
tDfrben : dr til be^ Icbct (genitive). He is as good 
as dead [he is of death] ; df if! nii^t meines 9lmh6, 
It is not my business (my duty, my office). These 
and similar geniCives are the result of omission: 
dr if! (tin iStnb) bef Tobtf ; ea tfl nid^t (bie 6a(br) 
mciitca dmfea. Similarly genitives, that are not 
reaUy dependent, hue *more of a predicative 
character, are employed in: 3nnaitb tfl fd|fle<htrr 
ttrt, frcunb(idc)ni ffiltfcna. onbmr and g(ei<l^r9Rrinung. 
ttttge'gmgrftttcr dufd^ttttng. f<^(f<hter Baune, etc. ; 
literally : Someone is of bad kind (has a bad 
disposition), oi friendly temper, of another or 
of the same opinion, of opposite view, of bad 
humour, etc. Genuine dependent genitives 
are used with the intransitive verbs bebfitfra, 
brau^ to want; bcafeiif to think; gebenfm, to 
9m 


xemember ; to be eimre ; bo wait ; 

fpottm^ioohai^ eto, 

LXXV. Tbn EzunetnHon In Qunn- 
tionn. It has been idiown that the qnestion, 
in German as in English, is formed ^ toe simple 
displacement of sui^eot uid predicative verb. 
But in German the question may oonvey the 
expectation of the enquiring person as regards 
the affirmative or negative nature of the answer. 
Where the affirmation is expected or desired, 
the opposite negative tti not, is added; 
Jtrmmt n Doesn’t he come? This affir- 

mative expectation can also be expressed by the 
addition of the conjunction bo(b» yet, however, 
and the adverb well, probably ; er fomiwt 
bo(^? er fommt tro^l? and er fommt bod^ 

If the afilrmative is not desired, tlie adverb efma, 
possibly, is added: fommt er etma? Similarly 
itommt er ftbon? Does he come already? conveys 
the hope that the person referred to is not 
coming yet. 

LXXVI. Ponition of Words In a 
Simple Sentence. For normal positions see 
LXX., page 3503. If the predicate is a verb with 
a separable prefix, the latter stands at the end of 
the Bontenoe in the simple tenses: an'^oren, to 
listen to ; Der ®(buler l^crt ben itf^rcr an, The pupil 
listens to the teacher; and in the perfect: 
Sebnirt brn i^t^ret angehert, The pupil has 
listened to the teacher; aus'grl^rn, to go out; 
3(b <ltng nacb bem auei, I went out i^ter the 
meal (after dinner) ; and: bm nacb bem @fffn 

au^e^auc^en. 

1. Agreement of Subject and Predicate. 

The veA (predicate) agrees with the subject in 
^rson and number: ber S3ater fdblaft (singular). 
The father sleeps ; and: bie .(tinber fcblafen (plural), 
The children sleep, etc. With collective sub- 
stantives the verb stands in the singular, but if 
the collective noun is directly connected with a 
substantive in the plural, the verb is emploved 
in the plural: ®as ^ebirge erbeb miunen 

mugen, The mountain rose before my eyes ; but : 
din Dnb^nbSdfier murbrn (plural) gebra(bt, A dozen 
barrels were brought; dine ©olbaten er; 

fdiienrn (plural), A crowd of soldiers appeared. 

2. A sentence with several subjects and one 

predicate, or with several predicates, attributes, 
objects, or adverbial nouns, and one subject, 
can be contracted to give the speech more con- 
ciseness and better rhythm. The part of the 
sentence to which the other words refer is not 
repeated: !Da^ fltmml bie <Sfr(e brttrr, 

ber ffie^en (fltmmt bie ©eele) migmuliq. [Tlie] sun- 
light makes the soul serene, [the] rain dreary. 

(a) If a contracted sentence contains as sub- 
jects a personal pronoun in the first, and another 
in the second or third pdrson, the predicate 
stands in the first person plural: 3<^ mtb bu(or 
brtn SBtttber) nonfm immer. I and you (or your 
brother) are always quarrelling; 34 unb ct flnb bie 
beften dreunbe, I imd he are ^ best of friends. 
With penonal fttonoanB in the second and third 
person, the verb stands in the second penon 
plnral: T)it mb it (enrbeme gftcimbf) ftib tsifi. 
lommtii, You and he (or your firie^) araalways 
welcome. 



(ft) If tike predicate refers to several subjects. 
H stands in the plural: ttnb $ufe Sovtt tvttbn 

Sttilber, Honey and good words work miracles. 

(e) If several subjects are regarded as part of 
the same idea, the verb stands in the singular: 
fittf ftintige S^facftten fcl^t (singular) Gtffan^ unb 
Song and dance follow (plural) bloody 
battles. 

3. If the common member of the sentence docs 

not agree in gender, number, case, or tense wi^ 
tile other parts to which it belongs, no con- 
traction can be effected. Thus: ttnb 

ben iie^rer, 1 met and greeted the teacher, 
is wrong, because be^e^nen mvems the dative, and 
^ru§eu the accusative. The correct form would 
be: 3^ begegnete bem gel^rer (dative) unb ^ruptc il)n 
(accusative), I met the teacher and greeted him. 
which is also a contraction, as the subject td) 
is mutual to both predicates, with which it agrees 
in person and number. 

4. In sentences' with several objects (a) the 

personal object precedes the other, the dative 
stands before the accusative, and the accu- 
sative before the genitive: fagte tnit (3) btc 

3llal)rf^cit (4), He told me the truth ; 5)ie (SJnabf M 
.fteutgtf tdtete i^m (3) ba« Mm (4), The king's 
mercy saved his life [saved him the life] ; 91ati 
barf fin !lifr (4)nid^t tnulniillt^ bftf i*fbrnei(2) brranben. 
One must not take wantonly an animal’s life ; 
!Dfr 91t(htfr bffi^ulb^lf bm (^ffan^^enfit (4) bffi 
brt^en^ (2), The judge accused the prisoner of the 
crime. 

(ft) The prepositional object is placed after 
the simple object in the accusative: iDer 0cbn 
fru^ ffinen ISater (4) urn preposition governing the 
accusative) ^tlaubni^, The son asked his father 
for permission. 

5. The adverb precedes the word which it 

qualifies: bfabftd^tiftte bfutf (adverb of time) 

abpttfiffn, I intended to depart to-day. Where 
there is an object of the person and another 
object, the adverbs are generally platted bet wenm 
them: ®if trerben mir (personal object) mermen 
(adverb of time) atlf^ (obi^t) ftna^Un, You will 
tell me all to-morrow, where there are several 
adverbs it should be remembered that the 
adverb of time usually precedes those of place, 
manner and cause: (Sx mufite (tfflctn (time) tUcftltd) 
(manner) abreifen, He had to depart yesterday 
suddenly; tm Jeutc (time) babfim (pliu*c) 
unausttefebt (maimer) tfttig, I was to-day at home 
continually biuy. 

6. The negation is placed after the verb 
(but before the past participle or infinitive in 
compound tenses), if it refers to the whole 
sentence. In all other cases it precedes that 
p^ of the sentence which has to be denied: 
ibet Jtaufmattn ftof nitfttfinrn S^rief i^ffd^riebm, fenbetn 
fine iRc^nutig. The merchant has not written a 
letter, but an invoice; 91ubt ber Jlaufntann ben 
Stiff gff^ricben, fottbetn bet Wff(bafwlfitcr. It is 
not the merohSnt who has written the let^, Imt 
the manager; ff)ft .ffaufmann bat ben ®rtff nidtt 
gfftbricben (n^ation of the whole fact), fcnbftn 
btfrtfrf. The merchant has not written but 
dictate the letter. 

7. The reAsedve pronoun precedes all other 
objects and adverbs and immediately follows the 


** v«t* mt ftiii 

Wimcfitut, He wm vexed i^ikin to-dinr •bout hie 
misfortune. 


8. Displacements of nouns (inversions) are far 
more frequent in German than mother languages, 
for reasons of euphony as well as for remsons of 
expressivenees and strength. In poetry, in par- 
ticular, the word on which stn^w is to be teitl 
is often placed at the beginning or the end of the 
sentence : (5 r n fl i jt bam VfbfU, 4 e 1 1 e r i|l btr .Ihiufl. 
Life is serious, art is gay; 6fiu ill ai(e®(bulb! 
[his is all guilt], He alone k to blame ! 


EXAMINATKW PAPER XIX 

1. What is the relative position in the sentence, 
of the object of the iK^rson (dative), and 
the object in the accusal ive? 

2. Whidi compound verlM and which simple 
verbs govern the dative ? 

3. How many kinds of impersonal verbs are 
then' ? 

4. Wliat rules determine the use of ei with 
seemingly impersonal verlw ? 

5. How is the passive voice forminl with 
such impersonal verbs as freuen, fftnttitfrn. 
etc. ? 

6. Which verbs are used with the dative of th(^ 
person, and with which verbs can the sub- 
ject in the nominative be replaeiKl by a 
genitive ? 

7. With which auxiliary vorlm is the genitive 
employed, and how can this genitive often 
l»c accounted for ? 

8. How can the qui'stion indicate the expecta- 
tion of an affirmative or of a negative 
answer T 

9. What is the normal position of the predicate 
in the simple wmt/tmee, and the relative 
}X)sition of the finite verb and the oih«»r 
l>art of the predicate in a compound tf^nse? 

10. if the subject of the sentence is a collective 
substantive, when is the predicate used in 
the singular, and when in the plural 7 

11. In which jH*rson is the finite* verb employfxJ 
in a contract4*d simtcnct^ ('ontaining p<5ri«)nal 
pronouns in the first and siM'ond (or thinl) 
person as subjwt-s 7 In tin* swond and third 
persem 7 When is it used in the singular 7 
When is a contraction inadmissible 7 

12. What position is Uken by the permmal 
objwt insentenew with several objwts, and 
what is the order of the objeois. as detiT- 
mined by their cams* (dative, accusative, 
genitive)? What is the jssiition of the 
prepositional objwt, if the sent<mee als*> 
includes a simple accusative objwt 7 

13. What is the n*lative position of the adverb 
and the word qualified by it. and which 
adverlst precede', if the sentonce contains 
more than one ? 

14. What considerations debnmine the position 
of the negative niihf in the sentence 7 

15. What is the position of th<5 refleetive 
pronoun ? 

16. What are the reasons for, and what » the 
effect of, the displacement of noons 7 
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Will yoa kind^ pay tiie oabmui t 
Wliat ishis fm! 

He dtovt me liere from the etation. 

The farot luggage inoluded^ is two marks 
50 pfeimigs* 

Can you tell me how much that is in English 
money! 

One matk is equal to one shilling, so the fare 
would be hall a crown in English money. 

I want a room. 

On udiioh floor ? 

On the first or second floor. 

Tnis room is much too small, and, besides, the 
windows open on the yard. 

Haven*t you a bigger room with a view over 
the market place ? 

On the third floor there is a front room vacant. 
Is it quiet ? 

The rooms looking on the garden are quieter. 
How much is this room ? 

This room is five marks including attendance 
and eleotric light. 

Will you bring my luggage ! 

Please put the trunk by the door. 

How aMflt the meals ? Is one compelled to take 
meals at the hotel ? 

Not in our hotel, but in other houses the visitor 
who takes his meals outside has to pay 
more for his room. 

Where is the dining-room ? 

What can one have for breakfast ! 

Coffee, tea, chocolate, milk, bread, butter, 
eggs, ham. 

Bring me some coffee and milk, bread, butter, 
two boiled eggs and some bam. 

The eggs are boiled too much, and the ham is 
t^ fat 

Can’t I have some lean ham ? 

The table d’hote begins at one p.m. 

X ifer to take my meals a la carte. 

t soup is there to-day ? 

We have pea soup and tomato soup. 

Bring me some' roast veal, potatoes, and French 
beans. 

What sweet will you take ? 

Apple-tart. 

The biU, please! * 

How much is it? 

Bring me some warm water in the morning. 

Give my washing to the laundress. 

But I must have it back to-morrow evening. 

1 shaU d^rt the day after to-morrow in the 
momi^. 

My luggage may be taken to the station. 

If there are any letters for me, please forward 
them to Munich. 


ffiollcn ^ie bm BfialjrCcttT 

®ie eicf maa^ feiuc Xoref 

(St ftt^t uii^ eom So^nl^ofc 

!Die cinfd^ief bts betragt 2 92arf 50. 

Jlcnnett'^ie mir faoen, leie riel bo^ in etiglift^em 
(Hdte ifl? . 

Cfiue SRatf ifl gteid^ cincm bie Xore trjitt 

bemnad^ cine Iffalbe Sttmt ut englifdjiem ®elbc. 
bend% ein Stmmer. 

3n welibem @to(fwerfe? 

3m erflen obtr jtreiten @tc(f»erfc; (also: in bet 
crflen obtr jmetten dtage). 

!Diefcd dimmer tft eiet )tt Hein, nnb ftbetbies gel^n bie 
gfenflec auf ben btnau0. 

^oben 6ie nt(^f etn Simmer mif ber dudft(^t 
auf ben SDlarftpIa^? 

3m britfen Stedt ifl em Stenf^immer frei. 

3fi e« rnbig ? 

Stmmer nat^ bem @larfen ^nb nti^tger. 

Sas foflet biefes Stmmer? 

!l)tefes Stmmer foflet ffinf SRarf mit IBrblenung nnb 
e(eftrtf(ber iBeleudbtung, 

Scllen <5te guttgfl mein bringen. 

iTen Jtoffer fIrKen Ste freunbliii^fl jtur %iitt. 

9Dte flebt ed mit ben STOalj^etten ? 9lllu$ man bie SRaf; 
gritett tm $otel nel^men ? 

3n unferem ^otet tixdfi, aber in anberen ^dufein bat 
ber (MafI, ber bit SRaljeitcn ausmdrts nimmt, fur 
ba^ Simmer me^r gu gal^len. 

SStc ift ber 0t)elfefaal ? 

9i?ad fann man jium $rfi^flii(f l^aben ? 

»ffaffcc, ^tf)ee, d^ocolabe, fBrot, fButter, dier, 

(icbtnfen. > 

Sungeu @te mir fine portion Jfaffee mit Snilib, IBrot, 
SButter. i(met gefoebte diet nnb etmad Sd^tnifeu. 

3)te diet finb ju ^art gefoc^t nnb bet (Sc^infen ifl 
gu fftt. 

,2ann tdb nt<bt mageren ©d^infen l^aben? 

^ie Table d’Hdte beginnt urn ein Ubr mtttag^. 

34 gtfbe esrrr, meine SAa^eitrn k la carte ju ntijmtn. 
SLlaS fur @urbe gtbt es l^eute ? 

Sit b^ben drbfenfubbt nnb $atabitsdvfeb®um. 
IBnngen <Stf mit cmen ifafbsbraten mtt Karteffelu unb 
grunen 8obnen. 

Sfidbr fube ^rnfe munftben @ie gu nebmen ? 
dvfelfu4en. 

34 modbte |ablm. 

Sie riel madbt es aus ? 

I^nngen %it mir bes SHorgenS etmaS marmes Saffer. 

Oieben @ie bet SSldf^mn meiiie Sdfebe. 

dber i4 mug fie morgen dbenb mteberbefemmen. 

3db rcife ftbcrmorgm fdib ab. 

Tim ^ebdd fann gttt 8abn gebradbt metben. 

Senn IBriefe fur mt4 fommen, fo fdbiden ^ie fie mir 
na4 SRuttdben na4* 


CemSinuti 





ttftjority of hk subjects. Ibnni^ottt his youth 
he ivas believed to be one of uie hsiidso]iiest» 
ittost scoomjdished, and most intelleotual men 
of bis time. 

Th« lUnalMMittc#. But the reign of Henry 
did not justify these anticipations ; and it has 
probably been the subject of more bitter criticism 
and more extreme differences of judgment than 
that of almost any other English Soverei^. 
Whole schools of conflicting historical studieB 
have been founded on the discussion as to 
whether Henry's reign was, on the whole, a 
blessing or a curse to the people over whom he 
ruled and to a large portion of the world outside 
his own dominions. Me came into power at a 
time when Europe was lie^ning to pcuss through 
that new Renaissance of literature and art, that 
sudden development of practical science, those 
new ideas of politics and religion, those new 
inventions for carrying on war which changed 
the conditions of the civilised world. New fields 
of colonisation were opening to Europe in Africa 
and in India ; new forms of enterprise were dis- 
covered day after day in commerce and money- 
making ; the traditions of the Middle Ages were 
fading away, and there was an eager demand for 
novelty in every domain of life. 

Most important of all these changes was the 
appearance of new forms of religious faith. This 
change was making itself especially manifest in 
England, although it did not, at the outset, take 
anytliing like the definite form which it assumcnl 
at a later period of the reign. 

Henry VIII. 's marriage proved to have a gre^at 
influence on the political affairs of England so 
far as England's dealings with foreign states 
wen* concerned. A greater, indeed, almost on 
unbounded, influence over Henry during the 
€«rlkr part of his reimi was that of the famous 
Cardinal Wolsey. Wolsey, w’ho was born in 
1471, was the son of a wealthy butcher in 
Ipswich. At Magdalen College he obtained his 
degree so young that ho was calliKl the Bov 
Bachelor, and became master of a small 
school attached to his college. Through the 
influence of powerful friends he was appointinl 
Cliaplain to the Archbisliop of Canterbury, and 
later liecame Chaplain to tne Kmg. After Uiat 
his progress was rapid, and for a long time he 
held the King's favour. In 1514 he was 
appointed Archbishop of York, and in 1515 hc> 
was made (Ikurdinal by Pope Leo X. 

BattU of ri^doa Flold. At that time 
the Pope was still an importimt figure in the 
temporm as well as in the spiritual affairs of 
Bitrope, and was then engaged in forming the 
Holy League with Spain for the purpose of 
counteracting the glowing power of France 
under Louis XIL Henry Vlll. joined the 
Holy Leitfue agfunst France, and in 1513 he 
oonauctea an invasion into France in co- 
operation with the German King Maximilian, 
where he won the bloodleaB Battle of the Spurs 
and captured several important positions. Dur- 
ii^ Henry's absence from England a great 
victory was won for his crown over the Scot<« 
under James IV. James, who had taken the 
aide of the French Sovereign against Engtami 
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crossed with his amy into Northumberland, 
where he encountered the Earl of Surrey at the 
memorable Battle of Flodden Field on S^tember 
lOth, 1513. I^e victory was complete for 
English with comparatively small loss, while 
James was killed on the battlefield with a large 
number of bis most distinguished nobles, and, it 
is said, some 10,000 of his soldiers. 

King nad Cardinal, Wols^ took a 
very important port in the guidance of Heni^'s 
movements in all tliw warlike policy. The 
Sovereign and the Cardinal had the same purpose 
at heart — that of holding the balance between 
France and Spain, preventing the one from ob- 
taining a mastery over the other, and thus making 
England, in a certain sense, the ruling power 
over both. Such a policy required a constant and 
almost unmeasured expenditure of money ; and 
Cardinal Wolsey was the chief instrument in 
obtaining, by bold systems of taxation, the 
supplies needed hy his Royal master. 

Wolsey took upon himself openly and osten- 
tatiously the responsibility for all this exaction ; 
and it 18 only just to say that his object was, 
while directing the kings policy, to save his 
master from public censure, and to direct all the 
popular indignation towards himself. Later 
on, when it seemed important that England 
should draw clom^r towards a good understanding 
with Francti, Wolsey worked towards that end 
with as much statesmanlike ingenuity as he had 
formerly employed to bring about a quarrel 
with that country, and he came to hold, if possible, 
a higher position than before. In 1515 Wolsey 
w'as made Lord ChanoeUor of England. 

Meeting on* the Field of the Cloth 
of Gold. The continent of Europe was 
during this time kept in incessant suspense 
by the rivalry between Francis 1, of France, 
and Charles V., Emperor of Germany. Charles 
inherited from his father the sovereignty of the 
Low (buntries and of Burgundy, and the 
succession to the Imperial throne ; and from 
his mother, daughter of Ferdinand and Isal^lla, 
he was entitled to the rulership of Spain, of 
Naples, and of the Spanish possessions in South 
America, where Spain had already secured a 
large territory. Francis maintain^ that Bur- 
gimdy lielonged to his dominions and not to 
any stranger, and he further claimed the Duchy 
of Milan and the territory of Flanders. Both 
monarchs wished for the support of England. 
Charles V. visited Cknterbu^ to confer with 
Henry Vlll., and Francis 1. arranged the famous 
meet^ on the plain of Ardres, known as the 
Field of the Cloth of Gold. 

The frequent wars of those times left the 
oumership of this or that European territory a 
source of constant dispute. There was no 
distinct and reco^tsed France or Germany, 
Italy or Spain as &ese are marked out and ac- 
knowledged in modern Europe. The Emperor 
of Gern^y was sometimes also the ruler of 
Spain, while the King of England claimed to be 
the lord of a large part of FVaftoe. At length, 
one chapter of the stranle between Qiarlee V, 
and Franck 1. ended, for m time, in the oomplele 
fleieat and oi^piure of Franck at the BetUe 



^ Fftvia, in 10^. Thou it became the policy ai 
HenryVJlI. and of Wblaey to take the oppoaito 
aide. The power gained ly the Emperor seemed 
to Henry to threaten the position of England as 
^he power of France had appeared to Uireaten 
it bmore ; and he and Wolaey believed it to be 
for the advantage of Enol^a to enter into an 
alliance with the King of FVanoe. 

But, in the meantime, great movements 
were taking place throuf^out the Continent 
which had nothing to do directly with war or 
with political parto, but which brought about a 
revolution in human thousht greater than any 
that had been wrought in the dioughts and the 
lives of men during all recent generations. It 
has been well said that everv revolution, however 
great and powerful, is at first a thought in the 
mind of one man ; and this may be said of the 
revolution then alx>ut to take place among the 
peoples of Europe. 

Martin Luther. Luther, who was liom 
at Eislebcn, in Germany, on Noveml^r 10th, 
1483, bclongfd by birth to the working classes, 
and was the son of a German miner. Even in 
those days there was in Germany ample on])or- 
tunity for youths of the poorer classes to obtain 
a good education ; and Luther, after some study 
in the public schools, entered one of the univer- 
sities and took his degree. He had fmro his 
earliest years a strong inclination for a spiritual 
life, had been a close student of the Scriptures, 
and spent three years in a monastic institution. 
He was ordained a priest in 15(17, and won 
success as a preacher. Then he was sent to Rome, 
and with his stay there liegan that cliangc 
in his religious views which M to such impor- 
tant events in the history of the w'orld. His 
opposition to the doctrines of the Cliurch of 
Rome began with his objection to the principle 
that the Pope and the Church had a spiritual 
right to gnmt what were called Indulgences 
to membm of the Church. He returned to 
Germany, and there became, hy his w'riting and 
preaching, an effective advocate of his own 
doctrines, and soon exercised a wide influence 
over the public opinion, not only of his c»w'n 
country, but of other European states os w(*11. 
The longer the controversy went on the fartlier 
Luther found himself drawn away from his 
earlier faith; and before long he liecame an 
uncompromising opponent of the Church of 
Rome as the spiritual guide of Christianity. 

** DefMdwr of tho Falth.^ There is no 
need to enter into the great religious controversy 
which divides the Christian world up to the present 
day. Its immediate effect upon the histonr of 
England is the most important subject of study in 
thestory of Henry Vni.'s reign. Home of Luther's 
publioitions reached EngliM, aroused much 
attention there, and had the immediate effect of 
provoking Heniy Vin. into authonhip and 
leligioiis can tr ow y . The King published a 
boML as a reply to Luther's doctrine ; and this 
teplts^ found such a welcome in Rome that 
Pm Leo X. eonierred upon the King the 
tilfe of ^^Detader of the FUth," a title which 
by H«y*a sucoessoni long after 
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the English croon had oeaaed to he worn by 
memben of die Church of Rome. TheKingwia 
undetetood tohave been very proud of theauooesa 
of his ** Aamriion of the Seven Saoramenta,” 
Luther's publicationB met with muoh more 
success in ^rmany than in England, where, 
for the time, the leading force of influential 

E ublic opinion eeemed to go with the King. 

.uther's Ixioks were publicly burnt in St Pnars 
by order of the Church authorities of England, 
and laws were put in force f6r the proecounon of 
any person who should take part in the promotion 
of the heretical doctrines. Luther's teaching 
was, however, spreading widely throughout Ger* 
many and over many parts of the Continent, and 
soon came to have a great effect on the minds 
of many of the thinkers and teachers of England. 
The whole religious controversy was much mixed 
up with the important political question as 
to the right of thePope to any manner of oontrol 
over the State affairs of countries outside his 
jurisdiction ss a ruler. Henry Vlll. came 
at last to identify himself thoroughly with the 
rejection of the Papal supremacy in religion, 
as well as in politics, and tho bulk of English 
public opinion went with him. He suppr^ed 
most of the monasteries in England ; ana when 
uprisings took place in defence of iliem, he mode 
that a reason for the suppression of all the other 
monasteries, and for tne transference of tlieir 
n*venues to the Crown. 

The Meiriegee of Hen^ VIII. llie 
story of Henry's various marriages is not an 
edifying part of his reign. Henry insisted on 
obtaining a divorce from his wife, Catharine of 
Aragon, on the ground that the marriage was 
unnatural, as Catharine bad actually lanm mar- 
ried to his elder brother just liefore his doatli. 
As the Pope was unwilling to assist the King to 
dissolve the marria||[o, Henry acted independently 
of the Papal authority, and married Anne Boleyn, 
a member of the ducal house of Norfolk. Henry 
appears to have fallen in love with Anne Boleyn. 
but his affection did not last long, for tliree years 
after tho marriage ho chargea his wife with 
infidelity, and on that accusation she was put to 
death in 153fi. The day liefore her execution, 
Henry married Jane Humour, who died soon 
after, leaving a son, who became Henry’s suc- 
cessor, EdwM VI. 

The King was quite ready for a new marriage, 
and chose Anne of Cloves as his fourth wife. 
ITiis was not a marriage of afleotion, but one 
pressed upon Henry by some of those around him, 
on the ground that as she was a German and 
l 4 itheran princess his marriage with her might 
secure for England the support of tho Protestant 
sovereigns and states of (Jermany. Henpr ac- 
cepted the onion reluctantJv, and within six 
months he obtained a legal acxiree declaring the 
marriage null and void. He then mairiad CkUha- 
rine Howard, another niece of the Duke <i 
Norfolk ; and before two years she underwent, 
loo, the same aecnsatioo ss that which had baen 
broiuEht sgakist Anne Bolem and met with the 
like death penalty. The Kinx then married bis 
sixth wife^ Catharine Pair, who outlived him. 
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mi ne . Sugar la the miroe of alooliol in winea 
and heer, althoo|^ oaoe sugar is not itaetf 
direetly fenneiilable, hot has to go through an 
inteniiediate stage before being acted upon by 
yeast. 

liAOtoM* or Milk Sttgnr. This is 
the sugar found in the milk of mammals. 
Bouohitfdat states that it occurs also in the 


|uioe of the sapota tree, but this needs confirma- 
tion. Milk sugar is not so soluble in water as 
oane sugar, and its taste is much less sweet. 
When heat^, milk sugar becomes yellow and 
then changes to brown ; it reduces an alkaline 
sulphate m oopjper solution. When fermented 
wiw a yeast-uke body milk sugar yields a 
drink called koumia$. Laige quantities of 
lactose are used for infants* and invalids* food 
and also in the preparation of medicines. 

Glucono. Glucose exists in grapes and 
honey. Small quantities exist in the animal 
body, the disease known as diabetes being cha- 
racterised by an excessive secretion of glucose. 
On a manufacturing scale glucose is prepared 
by acting on starch with a mlute acid. Glucose 
dissolves in water, but is only about half as 
sweet os oane sugar. It is readily fermentable, 
and yields 48*07 per cent, of alcohol. Glucose* 
is used in the brewing of beer, the manu- 
fa^'turo of confectionery and jams, and in calico 
printing. 

Lwrulone. Levulose exists in honey (with 
glucose) and ripe fruits. It is also contained 
to the extent of 50 per cent, in it^veri sugar — 
the product of the action of dilute acid on sugar. 
Levulose turns a ray of polarised light to the 
left. Invert sugar is of considerable import- 
ance in the brewiim industry. 

The Cnne. sugar cane is a huge 

grass with a knotW stem (1) It lielongs to the 
natural order Oraminacetr, and is known 
botanically as Saccharum nfficinarum. The 
sugar cane is a native of India or of tlie most 
southern parts of Asia, whence it has spread to 
every ti^ioal or semi-tropical country in the 
world, l^e Spaniards probably introducuHi 
the B^ar cane into the West Indies and the 
American continent. 

History of Sogar. Early writers, such as 
Herodotus, Theophrastus, and Seneca, were 
acquainted with sugar, but not till the Christian 
era do the. references become clear. 'fhe 
oultivatioo of the sugar cane was well under- 
stood in Arabia and Spain from the earliest 
times, hot the medicinal use of sugar was the 
object of the cultivation. During the Middle 
A^ England, in common with the rest of 
Northern Europe, was supplied with sugar 
from the Mediterranean, it bei^ imported from 
Alexandria to Venice and the^ to London. 


The avefsge price of sugar in a.d. 1900 was 
Is. per lb., sad 100 years afterwards it was 
Is. 7d. per lb. In 1358, Jcdin of Eranoe ordered 
that the apotheesries of Paris shoohl not substi- 
tnfo honey for sqgar in eonlectioas. As travelling 
beoaine more nenetaL tim ooltivation of the sogM 
eaae spread. Wag mtrodnosd into Msdefra in 
14S0, Domingo la MM, the Csnaiy Islands in 
150k Miiieo in 1520, Msftlnlqni in 1600, 


Mamitiat in 1750. and Auatmlla in 1808. The 
eultivataon of the augar oaaa in Egypt almost 
baoame extinct, but of late yaara the^grplian 
Government have made determined enorta to 
revive the manufaetpre of sugar. Fhotorias on a 
ioientifto basis have been equipped, and the 
experiments have turned out sucofsi^l. Hie 
disoovery of boot sugar by Mamraf, of Berlin, 
in 1747, is referred to later on, the importance 
of the diaooyery being only apparent in recent 
years, when inoreastng cultivation of sugar boat 
has oonvulsed the oane sugar industiy so much 
that international oommoroial agreements have 
had to be entered into to prevent the ruin of tlie 
Bumr oane planters in the British postMswions, 
Ymncle, The dark S 3 rrup known as treacle 
is a residuum in the manufacture of sugar, and 
it is a puBsle to etymologists to account for the 
transference of tlie name of a medicinal con* 
feotion to a domestic article like tnHK*le. The 
transference has taken place within the last 900 
years. It is curious to note that the medicinal 
rifputation of sugar and treacle has quite 
dwindled away. Sugar, it is true, is used in 
medicinal syrups, but only as a preservative 
or flavouring agent, while treacle has been 
replaced, even in the delectable brimstone and 
treacle, by the mon> refined golden syrup, which, 
however, lacks the slightest suspicion of Uie 
laxative action possessed by the old-fashioned 
treacle. 

Variatiwa. There are many varieties of 
sugar none known, Uic principal ones hewing 
the Mauritius, the Wna, the Otaheite, tlie 
Bourbon, tlie Ribbon, the Java, the China, 
the Singapore, the Indian, 
and C*riitallini*. Some of 
these arc proliahly distinct 
species, such as the China 
sugar cane ; the others 
differ from each other in 
the colour and hairiness of 
the stem. Some varieties 
are preferred in certain 
situations, the Oistalline 
cane, for example, having 
a reputation as a disease 
resister in the French West 
Indies. The Bourbon cane 
was originally introduced 
into the West Indies from 
tl^ Isle of Bourlxm. Tlie 
varieties most in request 
are long-jointed canes, the 
loaves from which are 
readily detached from the stem as they die. As 
a rule, however, it may be taken for granted that 
each country has produced a special variety of 
cane suited to its climate and soil 
The sugar oane grows in a wide range of climatic 
conditions, but fmriahes best in high latitudes 
on account of the greater length of the days. 
Proxtmify to large bodies of water is favonranlc 
beoaoae tlia pleats obtoin the rays of Ught re- 
fleeted from Uie surlaoe of the water m edditlon 
to the dheot nys of the eon. Ught Is sasentia! 
to the etorafe of eager by pleats the ereoi habit 
of the eugnr eene Wvtng an important influence 
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in tihiMng the mnrinmm ol eonli^t. Ftoet 
k luimlol to the migar oane. 

What thn Cnnn In Like. The mignr oane 
k perenninl, and produces a stem 8 ft. to 12 ft. 
hignand lin.to 2in. tbiok^ while there are from 
40 to 00 joints. The leaves are produced at the 
jomts, and are 4 ft. to 5 ft. kmg and 2 in. wide. 
As the canes grow the lower leaves diy up, 
fall off and are removed, the process being known 
as imahing. The sugar cane needs a fertile soil, 
clay and sandv s^ being unsuitable. In 
Fmch Guiana the onfy remunerative cultivation 
of the sugar cane is on low lands that are periodi- 
cally manured by flooding with water from which 
black mud is deposited In Queensland land 
of virgin soil is prepared by light ploughing 
to get rid of grass. The ground is then ploughed 
Oin. to 10 in. deep, and worked with the harrow 
and roller to ensure sufficient soft mould for the 
plant. 

ProiNiintlon, The sugar cane is pro- 
pagated from cuttings or se^ but usuallv by 
the former method, seed being only used for 
obtaining new varieties. The cuttings may 
lie either from the top or from the body of 
the cane, and recent experimental work in the 
Mauritius seems to indicate that the tops are 
preferable. If tops be used the leaves should be 
stripped from two or three buds so that they can 
come into immediate contact with the soil. 
If ptaiU ranea be used they should be cut into 
lengths of three buds each, care being taken not 
to injure the buds. The plants are then placed 
in drills at a distance of aixmt 3 ft. from centre 


to centre. The canc^s are placed horizontally and 
with the buds pointing one way ; 1 in. to 1} in. 
of mould above the cutting is quite sufficient, 
since it will grow more rapidly than if planted 
deeper. After a few days, according to the 
weather, rootlets will spring from the joint 
surrounding the bud, and in from 10 to 21 days 
the bods will appear above the ground. 

Cultlvatloa. All the cultivation afterwards 
required will be to keep the ground open and 
clear of weeds as long as the norae-hoc can be 
used, after which the ground can be left until 
crushing season. Cutting of the cane is effected 
in several wa^— some are out with a knife, the 
cane beiiy; trimmed and topped while in the 
himd, while others are out with a sharp hoe, the 
trimming and topping being done by another 
gi^up of labourers. When the cane is light upon 
the j^und or stands erect the former mode seems 

C 'emrable, but whore the crop is very heavy Uie 
iter method is used. In either case care 
should be taken to out the cane close to the 
ground, as the nUotm (the cane which springs up 
from the stump) will rise from the hipest bud 
on Uie cane root left, and if this be not below the 
surface support against the wind for the young 
cane will be laoki^. The nraotice of different 
plantations varies in rmra to replanting or 
growing from ratoons, mr although oane will 
retain and yield crops for several years without 
replanting, ratoon crops are not so heavy as 
pttint cane. Tbe labour supply is a factor that 
nas to be taken into aooount in this oonnection. 


linnurM* We now come to oonsidor the 
varkms manures that are ne ce ss ar y. PAos- 
pkaiic manurta give considerable and very 
remunerative increase when used together with 
manures containing nitrogen and potash. 
Phosphate slag seems to be an excellent source 
of phosphorus for cane plantations, and ought to 
replace superphosphate. Nitrogen in the fonn 
of sulphate of ammonia, nitrate of soda, and 
dried blood shows a favourable influence on 
the yield. The best results obtained by the 
authorities of the Botanical Gardens of Britirii 
Guiana were obtained with a mixture of one- 
third nitrate of soda and two-thirds sulphate of 
ammonia, ^though for large quantities sulphate 
of ammonia gives a better pecuniary result. 
Dried blood was notably inferior. Potash 
seems to be of only small efficacy. The em- 
ployment of sulphate of potarii on land not 
limed a sligiit benefit, but a loss on limed 
soils. The use of soda did not furnish satis- 
factory results. The employment of lime gave 
great increase of yield, the effect on the first 
crop being sufficient to pay the cost of its appli- 
cation, while the increase in the shoots con- 
stituted a net gain. 

Diaeaaea of the Cnne. The cane is 
subject to a variety of animal and vegetable 
j>eHts. In the first category are included rats. 
These are kept down by poison or the use of 
Danysz virus. The mongoose was introduced 
into Jamaica to kill the rats, but ultimately 
became as great a pest as the rats. Among 
insects the moth- borer is prevalent, and is 
only got rid of by ^tematicaily collecting the 
moth and destroying the diseased canes by fire. 
Several other borers are known, some of the 
pests making special attacks on the roots of the 
oane. Spraying with paraffin emulsion is re- 
oommenaod for destroying some of the small 
inserts. Vegetable or fungoid posts, such as red 
smut, top rot, sereh, ananas, and gumming 
disease, attack the leaf and stem. The remedies 
are to choose canes known to be disease resistant, 
to correct errors of cultivation, and to destroy 
all affected canes by burning. Rotation of 
crops and green manuring are also suggested 
as a means of combating fungoid diseases. 

Yield and Compoailion. The weight 
of crop varies very much, from 70 to 80 tons 
having been taken from rich scrub lands in 
North Queensland. A fair average is 25 to 40 
tons per acre, and with modem appliances and 
methods a ton of sugar is sometimes made from 
little more than 10 tons of oane. 

There is 16 to 18 pid^ cent, of sugar present in 
the sugar cane and about 70 per cent, of water. 
The sugar is distributed irregularly throughout 
the oane, the joints and the lower end being 
poorer in sugar than the higher parts of the stem. 
The softer pvto of the cane'oontain the purest 
and richest juice, there being altogether about 
88 per cent of juice in the oane. Td» juice con> 
tains-about 18 per cent, of sugar, the rest being 
water and a small proportion of mucUaginoiis, 
lesinoos, fatty and albominons matten, and 
mineral salts. 


Coaliatisd 



A SHORT DICTIONARY OF TERMS USED IN SUGAR-MAKING 


fram boMt and 


-BafoM eane atter tha 

Jolae has baaii extiaeled. 
laabdf Sucfus-A am^-graUied augar 
•old la tha Stmta dottleoient. 
Bdltdnr— A rowof mporattoff pans at 
•Md m tha Jamaioa mgar-liiaartry. 
ilaok-atny^RafiMa molaaaat. 
ilow^ttp^Th^ Igy in wtiioh augar it 


PdiiMg JMhei. or Mhl — An Proolbtloli—Aa 
avaporat^ %9/ptMlbm aonthiUna of ^ 
two rartnuB pant woridiig togMber 
hot at dillarant iatarnal 


roolbtloli->Aa lafrtnuMt for with- 
te^ng a aampla oTw aaalaaU 
of tha ^ 


Dralnad Snugar— Sugar troiu wMoh tha 
molaMai^ been dralnad la hogt* 


J in tugar refining. 

lullt-dFg— Tha ilgbtdiola of a Yaonnm 


aolowrlitf 

Carbohsrimtaa— Sdantifie term for 
tha group of organJo bodlat to which 
tiupur balongt. 

CsPDonatatluii. or Carbonatton— 
Tha proeeat of taturatlng llnied beet* 
jnloe or eane-Jnloe with carbonic 

add gaa. 

Chanoapa— A tmaU-gralnad tugar told 
loeaUy in Mexico. 

Chap Clstapn—Large tank filled with 
animal charcoal. 

Clalpoa — French term for a tatoraied 
aointion of pure tugar 

Clapifleatlon— The procett of purify 
Ing raw Ji Ice by heat and lime. 

Clayina*—! be prtKieea of drUing out 
the odour of a tugar*loat by damp 
clay or rag. 

Claaro^ Bright, clear tyrup need In 
Ignoring tugar. 

Cofloo Sugap — An etpedaily pure, 
refined tugar. 

Conopotop— An evaporating apparatut 
for cane luice. 

Convajrop Cyllnd«p— Tlie large rotat- 
ing cylinder of a Rertey granulator. 

Coppap Wall — Battery of open iiaiut 
uted for concentrating cane luice. 

CoPn Syrup— Uluooteln a liquid date 
made from maiie. 

Coaottaa — Krenoh term for beetroot 
tlioet. 

CiYctallliatlon— The property nliich 
many bodlet liave of aMumltig 
definite colld formt out of a taturated 
tolutlon. 

Cryatalllaatlon In Motion— The name 


FAIMC OMUtlN — An exprettlon uted 
in tugar holttng when email gralnt 
of tugar teparaie intitad of growing 
on the larger orytlalt already forine«(. 

Film Bvapopatopg— An apparatut 
wliich dependa on the prlnrlitle of 
evaporating a thin film of Uqtud 

Flpgt Molaiidg— That obtained from 
mataeeolte, which hat liad uu 
molattee added to It. 

FlPtt Sugar — Maaaeculte after treat- 
ment in tlie centrifugal maelUtie. 

First Throwing— Refined tugar puri- 
fied In a oentiifttind machine. 

Fruit Sugar— Levtuoae. 


MATMMM— The ttooud crop of •ante 
_ from one planting. 

Raw Sugar-Unrefitied mtetaeutte 
after treatment In Uie oentrltnial 


Rofin^ Sugar— The finer qualitlee of 
tugar manufactured frtmi raw tugar 
at tseniral refineriet. 

R«ndomont— The net amount of 
cryttal tugar obteliialde from a 
^ given tamide of raw tugar. 
Rovivifloatlon— Frocett of renewing 
animal charcotl that hat btcome 
cxhautted at a dec* ilour Iter of i 


applied to tlie method of cryttallitliig 
the maieeculte by keeping It moving 
during cooling. 

Cuba Sugar— Sugar moulded into the 
form or a cube 

Curinjg— Cleantirig tugar cryitalt by 
waahing and draining. 

Cush-ouih — Name given In Guiana to 
the iropnritlet In the luice from 
ermhed tusar-oaue. 

Cut — ^The technical exprettion for 
half-emptylDg the vacuum i^n 
when dbehargiag maiteculte. 

DATS NOMBV— A name tometimet 
appUed to palm tugar. 

Dofooatlon— The procett of removing, 
by heat and lime, the fecular matter 
from raw pilee. 

Dofibratop— A mill that pulpa the 


OAMD — The proccte of paming 
tulphuroiit acid gat throngn raw 
juice. 

OluooM — Dextroa^or grape tugar. 

Golden Syrup— The Auer kind of 
treadc. 

Grain — ^The tmall oryitali of tugar 
that form when t>Tttp It being 
concentrated in a vacuum pan. 

Green Syinip— The tyrup tlmt dralnt 
from ttigar-loavet in the inttuJd. 

Orooery Sugar — Mold bitkwn tugtr. 

Ouarapo— Raw liquor treated wltti 
lime, but not yet coneentrated. 

MRATgR — ^The vettel Into wtiloli the 
mattecuiie it recelvisi when dlt- 
oharged from the vacuum |mui. 

Hydi^ Ex traotora— Another name for 
centrifugal maclilnct. 

INVBIIT« or INVRIITRP GMCMIII— 

Sugar the behaviour of which In the 
{Mdarltcope liat been changed from 
right to left, 

JAQQBIIV^A raw tugar priNluced 
In India, obtained from the palm. 

Jarra — The third flow of tap after 
tapplim tlie date-tugar palm. 

Jlran — The Amt fic»w of tap retultlng 
from tapping the date-tugar palm. 

bAnrO SAONAIIItUlM— Invert tugar 
uted at a malt adjunct In brewing. 

LovuIom— Fruit tugar. 

Liming— The procett of adding Ilmc 
to raw juice. 

IMAMIIATION— The procett of wiak- 
ing beet tlictt or cane In liot water 
to extract the tugar. 

Mails Sugar— Sugar olAalncd from 
the aUdke of tea mayt. 

MaplS SitfAP- Rttgar made frtnn the 


GAOOHAIIINB— Invert tugar, alto 

applied to a tweetenlng agent ob- 
tained from coal-tar. 

Saooharimeter-~Aii optical intiru* 
meni for meaturlng the amount of 
timar In tolutlon. 

Shaker — Indian term for cant tugar 
clarified by alkalict. 

Sohnltsdl— German name for beet 
. tlloct. 

Ssoond Molaaget— That which dralnt 
from mattecuiie tliat hat had 
molattca boiled with It. 

Ssading— Grain tugtr added to the 
vacuum pan to tiart oryttallltailon. 

SalMltlng— ITocett of Improving Uie 
quality of beetrtNd, by alwayt utlng 
only the bett plaiiU. 

Ssmoul* — French term for grain tugar. 

Silo — Storing place tor beetroota itee 
Agriculture, iiagn 1970]. 

Sling— Name given to tlie oonoentrated 
tvrup In tlie ttriklng teach. 

Staron Sugar— Gluorwe, or dextrrae. 

Steaming Out -Procett of wathlng 
out hogtheadt with steam, Ut remove 
adhering sugar. 

Stirred Sugar— l*repared by evapo- 
rating tiTup, and stirring uiitli a 
dr>, iTiiitibly matt remains. 

Striking Fan. or Teaeh- The end of 
a series of mm. In which the inora 
eoiicentratea liquor collecta. 

Suorote— t'ane or lieei sugar. 

Sugaring Oir— The prooiwt and season 
wr tapidng maple trees. 

Sweet Watere— Watem conuinlng 
tnmll qomitlties of tugar. 

TATNBG or TAVONM-The pant 

of the cop|H*r wnU. 

Taylor Filter A filter In which a 
large nunitier of long filter hags are 


cnii.loyed. 

Teaohi 


of a lelkiw 

eoknnr, produced In the Weet Indian 


Dextrin-malt oee An unfermentable 
■ehetaaflo prepared by the ectlcm 
of aeld oe etereh. 

MfiRtfiOB FPMMi— A meChod need in 
beet and eaae euger manufacture 
Iw wbidi the beetroot in stteet, or 
the CBM la imna pleeee fe meeerated 
In hot water toeoek out the eagar. 

Do-tat— The eeeoBd flow of eap after 

I the date-enar palm. 

A term need la eager 
la the I 


^•fvapadmllM 
I el 


tap of tfie ample tree 
Maeeeoulte— The finlelied matt of 
tngar cryttalt and tyrup fomieil on 
cooeentratlng evrup In a vacuum pan. 

Megans— C'ane after it hae been pretted 
in the cane mill. 

Melting— The term for dfteolvliig 
enger in water. 

Molaesee— A draloed eyrup from wliicti 
eugar no longer cryeUullMe on bolUng. 

Monte^ue— A jmmp fw raking juler. 

Multiple Bfineot* or gflbt— An appa- 
ratat for evaporating eyntp In wUch 
two or more vaeaam pone, worktim 
at dlgOreat premame, are eoipkiyed. 

Mmeovado— Riar from wfaleb 

been dfalaed In 

WNITB UQUOM— Driglit 

t— A saudl-grBiaed eager told need for Uqaonng loerea 

of loeeRy la Ceatral AmMtea. Wlodrowlag— Proteetlni 

FUd— mach term for white powdered 

TraSSor Jdt Sagar finger partfled _ 

m a eeatif fagel amrbiae. to todtete Demerera eagar. 


jee— TliiMMint of flic copper well. 

Tempering- The oiwretloti or edding 
Hmc to rew juice. 

Third Molmeeee -The molateee drained 
from vacuum pan moiatect tugar. 

Traeh— I>ry canc lesvet 

Truehlng— The oiteraiion of removing 
dry or faded leaves from the eagar- 
canc. 

Treacle'- Tlw unoryetallltehle part of 
tugar prfNlucwd in tlie proewtt of 
rrftnlng^ettgar. 

Triple Effool- An cvaimratlng appar- 
atus, consisting of tlircc vacuum pant 
worked togetlicr at dlficrcnt pretturct. 

UkmAfliAfllMg— A Mae tuheteiioi 

used for ncutrallelng the yeltow 
colour of refined tugtr. 

VIINUJUA— An emptying pomp. 

Vlnaaeo— The reeMieery oqnore re- 
eoltiag from the extraotkm of eugar 
from I 


wbltoeymp 


from f foetor a furrow. 






number of teeth and diyide by the diametral 


pitehi 


944-2 


32 in. diameter of blank, or 


VBhoU diameter of ujhed^ aa it » eometimee termed. 

To find the diametral pitch of a 
wheel having, eay. 60 teeth, and of 
24 in. diameter: Divide the number 
of teeth by the diameter of ^ i ^ 

the pitch circle : 

diametral pitch. 

To find the diametral pitch of a 
wheel, say, 20 in. whole diameter, 
and having 60 teeth : Add 2 to the 
number of teeth, and divide by Uie 
wheel diameter (convert to decimals 

by table on page 3006) : “ 3 

diametral pitch. 

Relntlon of Diametral 
Pitch to Circular Pitch. The 

relation of diametral to circular pitch is 
the relation of the diameter of a circle to its 
circumference, which equals 3*1416. 'I'o 
obtain the equivalent circular pitch from a 
diametral pitch, divide the latter into 3*1416. 
Example : Required the equivalent circular 
3*1416 

pitch to 5 diametral pitch : — ^ — *6283 

circular pitch. Cbnversely, required the 
equivalent diametral pitch to 1| in. circular 

pitch : = 2*0944 diametral pitch. 

A table is given on the next page showing 
the equivalent circular pitches for diametral 
pitches from 1 to 50. The Brown & Shnrne 
involute teeth may be set out generally as 
scribed for 06, the proportions being as follows : 

« Height of tooth from pitch line, *3183 circular 
pitch. Width of tooth on pitch line, *5 circular 
pitch. Depth of tooth below piti'h 
line, *3683 circular pitch. 

Straagth of Spur Teeth. The 

strensth of spur-whctel teeth may be ^ 

calculaUMl upon two bases ; the one by con-\ 
sidering a static load to 1 k« sustained by the < 
tooth, and the other by considenng the \ 
horse-power to be transmitted. For slow- \ 
moving machinery, it is convenient to 4 
estimate the load which comes on the wheel 
teeth, and to assume that this load is applied 
at the point of one tooth ; the case is then 
treated as a simple cantilever loaded at the 
outer end. If the teeth are badly made, nr 
if the wheels are not properly adjusted on 
the shafts, the load may come on one 
comer of the tooth instead of beina distri- 
buted evenly across the face. Many tormuhe 
in use deliberately assume such to lie the 
ease in ordinary work ; but with modem 
machine-mouldra or machine-cut gears there 
is no necessity to make such provision. The 
number of teeth in gear at the same moment 
w91 make a difeenee to the carmng 
capaoity of a wheel; with lai^ge whe«m erf 
line pitch gearing together, several 



will divide the load between them ; but if a 
small pinion be geared witli a wheel, t^ full load 
may easily come on one tooth only. 

Properly spewing, each individual case should 
be investigated and designed accordingly. 

Having determined the 
load which the tooth must 
carry, multiply that load 
by the full depth of tlie 
tooUi for a Iwiiding mo- 
ment : the modulus of a 

nvt angle is - ^ 

wheit^ B is Uie 
bmidth or face of 
the tmith, and H is 
tht^ IhickiKHiM at the 
riKit : multiplying Uie 
iikrIiiIum by the safe 
KtrcHM |K*r square inch 
gives the moment of 
rt^istam^e of the 
t(K)th, wliirh should 
lie eoual luid opposiU^ 
to tiie liending mo- 
ment. A safe stress 
/' for cast iron is 3, (MM) 

)b. |)erHqiiartMn.,and 
lO.(MM) lb. ))er square^ in. for 
cost stecO. [See the table on 
the next pago.J 

TIk^ thickness at the root of 
an odontograph tooth varies 
from *4 to *6 of the circular 
pitch when ranging from 15 to 
60 teeth, llie breadth nr face of a tcKithed wheel 
may vary from one and a half to Uiiih^ times Uie 
circular pitch. 

There are from 40 to 50 diffen*nt rules in 
eststence for the calculation of the horse- 
flower which may lie trans- 
mittiHl by t4KithiH] gearing, 
the majority of Uiein 
defs*nding iifsin an arbi- 
trary factxir which covers 
allowances ffir inaccurate 
workmanshifi and 
stresses due to cen- 
trifugal ac'lion. A 
safe rule is H P 
DPFN . 

IINM 

flitch diameU*r of 
w li4M*l in inchfsi, 
P circular pitch, 
F fa(*e of wheel 
in inc'hes, N ^ ^ speed 
of whe4*l m revolu- 
tions per minute. 

Thw Wlllrad 
Lwwln Formuln. 

This is used largely 
in connection with 
machine-cut gear. 
It was introdiioed 
hy Mr. Wilfiwd Lewis 
3657 


96. mi:thqd or 

MARXINO OUT AN 
INVOLin’B TOOTH 



IL 


teeth 97. nix amqim or oxuQomr 




poQey arms. Vor Uie oroas arm aeotioii tha 
following proportions giye good resulto : 
Thickness of rim (A) .. = -46 oirowlar pitoh 


Thickness of rim (A) .. 
Width of arm (B) 
Depth of rib (C) 
Thickness of arm (D). . 
Thicknees of arm (£) 
Thickness of boss (F). . 


= *46 circiijar mtcn 
s:: circular pitcm x 2 
- circular pitoh 
~ *43 circular pitch 


Thicknees of arm (£) = '5 ciroular pitch 

Thickness (rf boss (F). . = J of shaft diameter 

-f Jin. 

The above dimensions apply at the centre 
of the arms, the taper being about } in. per foot 
either way. The number of arms in a wheel may 
be taken as: 

Up to 1 ft. 6 in. diameter • . . . 4 arms 

Up to 8 ft. diameter 6 arms 

Above 8 ft. diameter 8 arms 


TABLE OF DIAMETRAL AND 
CIRCULAR PITCHES. 


at Philadelphia, U.S. A., in 1893. He assumes that 
the whole load is taken upon one tooth, and that 
tlie tooth is a cantilever loaded at one end. 
From a consideration of various sizes of involute 
and cycloidal gears he selects the weakest cross 
section of each, and determines its relation to 
the pitch; then from these data deduces the 
formula W = 8 P F Y, where W is the load 
transmitted in pounds, S is the safe working 
stress per square inch in pounds, P is the cir- 
cular pitch, F is the face of the tooth in inches, 
and Y is a factor varying with the shape and 
number of teeth. The values of Y and 8 are 
given in the table on this page. 

It will lie noticed in the talue that the involute 
is given as 20° and 15° obliquity ; the angle of 
obliquity is measured between a horizontal 
line cutting the pitch circles at their point of 
contact and a line drawn perpendicular to the 
curve of the tooth, and being a tangent to the 
base circle. Fig. 97 shows the effect on the 
thickness of the tooth due to an alteration in 
the angle of obliquitv : the greater the angle 
the stronger the tootli. A 20° obliquity gives 
a tooth radius of about one- third the pitch 
circle radius. 

When drawing gears to be cut with Brown A 
Sharpe cutters we angle of 15^ may be taken. 

Arms of Spur Whoolo. These are made 
oval section [96], cross section [991, or H section 
{ tool The filst-mentioned is used for compara- 
tive^ light machine-cut gears, the second is used 
chiefl3r for gear wheels moulded from patterns, the 
third is adopted for machine-mouldea wheels and 
for large and heavy gears. Frequently machine- 
cut gears are made with solid wA plates without 
arms. The strength of a wheel arm may be 
calculated in the same way that we dealt with 


Diametral 

Pitch. 

Ciroular 

Pitch. 

Diametral 

Pitch. 

Ciroular 

Pitch. 

1 

3*1410 

15 

*2094 

U 

26133 

16 

*1963 

4 

2*0044 

17 

*1848 

u 

1*7952 

18 

*1746 

2 

1-6708 

19 

•1663 


13963 

20 

*1571 

4 

1*2666 

22 

*1428 

2 } 

1*1424 

24 

*1309 

3 

1*0472 

26 

*1208 

H 

•8976 

28 

*1122 

4 

•7864 

30 

*1047 

5 

•6283 

32 

*0982 

6 

•6236 

34 

*0924 

7 

*4488 

36 

*0873 

8 

•3927 

38 

*0827 

9 

•3491 

40 

•0786 

10 

•3142 1 

42 

•0748 

11 

•2866 1 

44 

•0714 

12 

-3618 1 

46 

*0683 

13 

•2417 ' 

48 

•0664 

14 

•2244 1 

50 

*0028 

i 


The proportion for H arms may be taken as 
follows : 

Thickness of rim (A) - *375 circular pitch 

Depth of rib (B) A -4- *01 pitch dia- 

meter 

Width of arm (C) . . - circular pitch + *035 

pitch diameter 


Thickness of web (D) 
Thickness of flange (E) 
Thickness of boas (F) 


*375 circular pitch 

I of breadth of tooth 
of shaft diameter 


Thickness of boas (F) ~ f of shaft diameter -4- 

Jin, 

The remarks concerning the taper and the 
number of arms for cross section arms apply 
equally to H arms. 


SAFE WORKING STRESS FOR DIFFERENT SPEEDS. 


Speed of 
Teeth in Ft, 
perMUmte. 

Oast iran 
Stacd ,, 


100 or 

Lms 

900 

300 

•00 

900 

I.S00 

1,600 

9,400 

8,000 

20,000 

If 

4,800 

18,000 

4,000 

10,000 

II 

2,400 

6,000 

2.000 

6,000 

1,700 

4,200 


It will be noticed that 
in the orosa and H 
section arms Min t the 
lace of the wheel ia 
alUtfy wider than the 
width of the arms, this 
giving a better ap» 
psanmee to tho wheel 























tluui if boUi wm fliish, and in the ease of 
maohine-out gear it faoflitates the machining 
of the Bidea. 

Cast gears are frequently shrouded up to the 
pitch cttcle as iOi, full shrouded as 102, or 
s^uded partially, or wholly on one side only ; 
this adds from 20 to 50 per oent to the stren^ 
of the sear. A common device is to shroud a 
pinion, but not the wheel it gears with, this beins 
done to compensate for the unequal strength 
of the teeth at their roots, llie thickness 
of the shroud may be one-third of the circular 
pitch. 

Split Ganra. Sometimes gear wheels are 
made in halves for convenience of renewal. 
A t 3 rpical example is given in 108, which, reprt^- 
stmts a working drawing of a spfif spur wheel 
for an electric tramcar axle. It is necossarv 
lK>th for railw*ay and tramw^ay rolling Htock 
t4> force the running wheels upon the axles 
with sufficient pressure to ensun* their rigidity 
when ne^tiating a 
curve at high sf^ed, 
for if a wheel then 



No. 3 will out wheels from 35 teeth to 54 
teeth, inclusive. 

No, 4 will out wheels from 26 teeth to 34 
teeth, inclusive. 

No. 5 will cut wheels from 21 teeth to 25 teeth* 
inclusive. 






W// V 



fls--* 


slipped sideways upon 
its axle the vehicle 
would be instantly 
derailed. Now', when 
the wheels art* so 
securely fastened to an 
axle, it is very imjKir- 
tant that an vt King 
lietween them shall lie 

101. HALF SHROUDTO removable without 

disturbing them, and 
hence the dividing of 
the driving spur, 
which is keyed to the 
axle between the two 
running w'hec«ls. 

Looking at the 

w drawing 108, it will Isi 

> noticed that a groove 

is planed across the 
I joint of one half to 

I receive a register 

L l |"^ -w— J1 formed on the other 

102. FULL siiBorDsn half. This relieves the 

tooth holts from shearing 

forces while the teetli 
are being out, and also from side pressures should 
they occur when running. Note the section cut 
on A B joined by a diagonal line for the con- 
venience of showing two sections not strictly 
in the same plane. In wheels of this natun* 
it is necessary to see that they contam an even 
number of tem, to as to divide properly without 
parting a tooth at the joint. There is no necessity 
to show all the teeth on the drawing. In the 
data mven on the drawing for eutling the 
teeth D P of oomwe means diametral pitch, 
whilst the reference to No. 2B and S cutter 
means a Brown A Sharpe cutter No. 2. These 
cotters are made in nambers aa follows : 

No. 1 will out wheals from 135 teeth to a rack, 
melnatva 

No. 2 will out iHieelB from 55 teeth to 134 
teeth, incloaive. 


38. WIISKL WITH OVAL BBCTIOK ARMS 



90L WHXSL WITH CROSS SXCTION ARMS 

X i 




108. WHXBL WITH M SBCmOII ARMS 

No. 6 will out wheels from 17 teeth 
teeth, inoloshre. 

No. 7 will cot wheels from 14 teeth 
teeth, inohisive. 






Kb. 8 will out wiMelt fioiii 12 teeth to 13 
tee^ IneltiiiTe. 

There are ihtie «ght outters required in order 
to out a full range of teeth ior any one pitch. 
It takea e^t cuttem to cut all inirolute 4-P gears 
haTibag 12 teeth and over ; it takes eight other 
cutters to cut all gears of 5«P having 12 teeth and 
over, and so forth, each separate pitch requiring 
its own set of cutters. 

Cutters are made for cycloidal gear teeth, but 
are not used to the same extent as the involute. 
They are made in sets of 24, and are lettered 


steel, phosphor hnnuse, raw hide, eto. T3ie 
oonstmotion of raw hide gears is dealt 
with in the next lesson together with helical 
tekh, mortise cogs, racks, bmls, screw gears, 
worms, etc. , . ^ 

Speeds of Wheels. The relative speeds 
of gear wheels may be calculated in the same wav 
as we did with belt pulleys by using the pitch 
circle diameters, except that there is no loss due 
to slip. We may, however, simplify the calcula- 
tiems by mnng the number of teeth contained m 
a whcM instead of its pitch diameter. This is 



A to X, instead of being numbered. This ia done 
in order to avoid contusion with the involute 
cutters. £aoh set is applicable to its particular 
pitch only. 

Large spur wheels are built up in a similar 
manner to that described for large rope wheels, 
and chiefly for the same ressons. Gear teeth are 
also fomm upon the rims of fljrwheeh, etc., 
and are used as a means of starting an engine 
by levers or a small geared engine. 

Gears are made in cast iron, oast ste^ mild 


psrtioularly useful when cut gears are involved, 
as their pitch diameters frequently run into 
vulgsr fractions or decimals. 

& in the case of rope wheels, there is a limiting 
speed beyond vdiich gears should not be run. 
C^t-iron gssrs should not be run above 2,000 ft. 
per minute at the pitch line ; cast-steel gears, 
2,800 ft. per minute ; small' machine-cut gears, 
3,000 ft. psrminute; above these speeds, gesring 
becomes nomy m running, and the wear ia 
excemive. 
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THE THREE RIDDLES OF LIFE wycholoq 


How Pi^ddcol Rcoeardi it Helping' to Solve them. Thon^t Telegnqihy. 
Hypnotism and its Value. Modern “ Miraclee.” Is Materialism Honest ? 


By HAROLD BEGBIB 


m'xMhAI BBMUBi'B 


VOlUlinMNi trOMI 


T'HERE are two ways in which humanity has 
^ become accustomed to transfer thought from 
mind to mind. One is by the spoken word, and 
the other is by the written word. In the first 
case, the organ of hearing conducts the thought 
to the brain ; and in the second case, the organ 
of sight. 

Mental Telecmphy. It is now certain 
that in a third way thought can be transferred 
from mind to mind, and this third way has been 
carefully investigated by men of science, and has 
been termed Ulepathy for the sake of brevity, 
though the word does not sufficiently express the 
mystery. 

Frederic Myers, himself the inventor of the 
word, confesses in “ Human Personality ’* the 
inadequacy of his nomenclature : '' The com- 
munication between distant persons is not 
a transference of thought alone, but of emotion, 
of motor impulses, and of many impressions not 
easy to define. I ventured in 1882 to suggest 
the wider terms telcesthesia — sensation at a 
distance—and ielepalhy — fellow-feeling at a 
distance. . . . But I am far from assuming that 
these terms oorn^stiond with definite and clearly 
separate groups or phenomena, or eoti]pris<< the 
wmde field of super-normal faculty. On the 
contrary, 1 think it probable that the facts of 
the metethereal world are far more complex 
than the facts of the material world, and that 
the wa 3 rB in which spirits perceive and com- 
municate— apart from fleshly organisms— are 
subtler and more varied than any perception or 
communication which we know.*’ 

But the term will stand, in the present state 
of human knowledge, as denoting all those 
puzzling occurrences, familiar to eveiybody, in 
which ideas have communicated ihemsidves 
from consciousness to consciousness, often over 
great distances, without mechanical means 

An Abnorbinf Myntetr. We would 
caution the reader against accepting any word, 
however successful its etymology, as the fj*- 
ptafuUian of a mystery. The term tUclricUy 
does not in the smallest way explain the 
mystery of electricity, and the term telepathy 
doM not explain the mysteries it attempts to 
denote. There are many people who dismiss a 
ghost story with the verdict tnat it is merely a 
case of telepathy ; they do not pause to acknow- 
ledge that the manifestation of a ghost is n^ 
one whit more inexplicable than the telepathic 
communication of mind with mind over a great 
distance. 

Telepathy, one of the well-proven facta of 
psychim research, is an absorbmg mystery. It 
opens up before humanity the vista of a new 
yrorld, ami gives promise of faculties and powers 
of which the most advanced of ua have scarcely 


begun to dream. It is not a simple thing ; not 
a mere physiological explanation of siipemtitious 
imaginings— it is a definite contribution to the 
study of the human mind, and one that seems 
to credit that mind w'ith powers of an almost 
transcendental order. 

Telepathy Annihllatee Space, For 

it destroys, in the first place, as between mind 
and mind, all idea of space. It does not 
•suggest, it actually proves that two minds may 
communicate^ instantaneously, though the one 
inhabit tlie weHt4«m and llie other the eastern 
hemisphere. A son dying in the Himalayas 
may convey his last anguish to his mother in 
].iondon at the very moment of dissolution; 
and not only his anguish, but the very wishes 
in his mind concerning the distribution of his 
property — not miwly frantic and unintelligible 
emotions, but definite and rational expnnsions 
of mind. 

As soon OH the invmti^tor has appreoiaUnl 
this character of telepathy he is in a state of 
mind to follow the clue towards the goal of know- 
ledge. 8o long as he usimh the terms udepaChy 
and coincidence merely as pxvutwn for his own 
intellcK^tual sloth, or as shields for his own 
ignorance— not troubling to disc^over what they 
really signify— he cannot hop<* to make progress 
in hiH idiuM. 

Now, the marvellous fact of tidepathy is just 
this orderly transference of coherent thought. 
It would 1 m* wonderful if a child in its death 
agony should act upon the consciousness of its 
mother at a great aistsnee so as to eonvinee the 
mother of its distress ; but it is something far 
tiiort' wonderful, and at the same time some- 
thing inspiring us with the assured liofM* that we 
are exploring a dc^finite fatnilty of human eon- 
seiousmsiH, when we find the ehild in its distress 
conveying calm and intelligible thought to its 
parent over thousands of mil<*s. 

Let the investigator emphasuM* in his mind 
that we art* here dealing with a transference of 
thought, Thcmght, according to physicists, is 
a mental procesa, a cerebral ai'tion, a physical 
exertion ; it is a movement of the brain ; it is 
an exertion of physical energy ; it is a d^niu* 
and certain opmtion of the material brain. 

Thm Drini doldiwr’a M#aMf«. Now, 
there are endleas instances in the records of 
pi^chical research wherein coherent and un- 
emotional messages have lieen reseived by 
ptfople from those dear to them at moments of 
supreme crisis. A d 3 riiig solider in South Africa 
narrated to his sister, by means of automatic; 
writing, at the very moment of bis decease, the. 
maimer of his djring, the names of comrades who 
held him when he fell, and expressed his wish 
that ibeae two men— utterly unknown to the 
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thould teoeiv^e oertftin gifts out of \iw 
imperty as keeptakss. The sti^ is enUuned 
Msfy enough by the intelleotuaiiv slothml as a 
case of ** telepathy.** But how do these people 
answer us when we venture to point out that a 
gentleman in South Africa, with a buUet through 
nis spine, with his nerves tom and lacerat^, 
with his life*s blood flowing from him in a 
ceaseless gush, is hardly in a position to mve 
an unemotional picture of his plight to a lad^ 
in London, and to make a rational disposal of his 
property If Profound thought — or, snail we say, 
nonest thought ? — must convince the fair>mindM 
that we are here fumbling at a new door in human 
experience, opening upon what wonderful fieldH 
of human enterprise we dare not venture to 
imagine. 

Proof of tbo Soul. The great work of 
Frederic Mvers in this particular department 
of psychical research proves, we think, beyond 
all question the existence of a spirit, or, in 
other words, proves the world-old faith that 
man is a mul. He points out that in cases 
of this kind we have two distinct factors — 
the agent, or the person who transmits the 
message, and the percipient, or the person 
who receives the message. Now, the agent 
must first manage his own brain, and at 
the same time manage the brain of the per- 
cipient. The materiaiists have not yet got so 
far in their positivism as to tell us how this is 
done. We are left by them to inquire how the 
agent works in his own organism, and how he 
works in the organism of others. The dying 
soldier in South Africa, according to this theory, 
arranges the mechanism of his own brain for 
the transmission of a message, arranges the 
mechanism of his sistc^r's brain for the reception 
of his message, and then, somehow or another, 
transmits it. We need scarcelv pause to point 
out the enormous demand whicn this hypothesis 
makes on our creduhtv. Finite matter, uhich 
somehow or another has become conscious of 
itself, is able so to direct and influence each 
moliHiule of the cells of which itself is com- 
posed^is able to exercise, in Myers's own 
phrase, ** se/retivf guidance of each individual 
^ecuJe " ; and by some movement within itself 
is able to influence another lump of self-conscious 
matter six or seven thousand miles awav with 
iniell^ible impressions and rational desires. 
Let him who is able, believe. 

Thw WorKlag of tho Bmla. The inquirer 
will notice that in many cases where thought - 
reading or thought-transference, as practised by 
** professors,** has been put to the test, it has failed 
to convince its examiners. Myers, Sir William 
Crookes, and Sir Oliver Lodge have all seen ex- 
iieriments which convince them of genuineness, 
out there are innumerable instances of half-and- 
half success, and innumerable instances of com- 
plete and utter failure. 

We find in this a reason for hoping that 
telepathy is an operation of spirit. Ihe 
number of people who can ooasoiously direct 
their brains so as to effect a telepathic meesage 
is small : the number of pecmle who have 
naeonaoiousty received telepathic messages of 


the most important nature is very lam. It 
seems to us that, at the moment of disaolntion. 
or in any moment of grave distress, the auto- 
matic woridng of the brain ceases, and the 
perturbed mind clashes on discordantly, while 
the spkit frees itself to express itself spirituallT. 
Myers speaks about “the aohievemento of wml, 
as it shakes itself free from the limitation which 
are but shadows as contrasted with its own 
reality.” 

Clnlmn for Tolepnihy. This is really 
the clue to the mystery of telepathy — the twfl. 
At present we are uninstruoted in the exercise of 
the powers of the will. “ The mind of Ae 
mind,** as Richard Jefferies expressed it, remains 
untaught. But tele^thy does suggest that we 
are on the verge of discovering some definite law 
of the will. Consciousness is not so much 
memory as it is will — that summing-up of per- 
Bonality, that fifth essence of character, which is 
the individual of every human form. Psychical 
research is here found pressii^ upon physical 
science the importance of examining human per- 
sonality, and of exploring the secret places of 
consciousness. She claims tor telepathy the place 
of a fact in the universe, and asks philosophers 
whether such a fact can profitably be ignored. 
It is not a question of this man or that man argu- 
ing from telepathy the proof of a soul ; it is a 
question of fact, and tno work of psychical re- 
search in this respect is an emphasis of the fact. 

Tn conclusion, we recommend to the student 
a careful perusal of tho Report on the C'^ensus 
of Hallucinations, made by a committee of the 
Society for Psychical Kes^rch, which included 
in its numbers Professor and Mrs. Sidgwick, 
Dr. A. Myers, Mr. F. Podmore, and F. W. H. 
Myers. It w'ill be found from this report that 
tliere is at least ample evidence to support the 
general theory of telepathy, if there be not suffi- 
cient elucidation to give to the term telepathy 
a significance which it sadly lacks in the mouths 
of the unregenerate. 

Hypnotism. As soon as people perceive 
that psychology is the science of the outside 
of the mind, tney become favourably incUned 
towards Aytmoftsm. w*hich is the science of the 
inside of the mind. If an intelligent savage 
w‘ere to see a motor-car for the first time, he 
might come to some more or less useful con- 
clusions concerning it by careful observation 
of its behaviour ; but until be had explored 
the interior workings of the engine he could not 
possibly be said to underMani a motor-car. 

Psychology is the science of observation of 
the mind as it manifests itself in its operatioiis. 
All its distinctioDs between the aubjeetive and 
the dbfeetive cany us but a little way in our 
inquiry as to the absolute reality of mind. 
By studying the figures on adial and the move- 
ment of the hands we learn from a clock noth^ 
but the time. IHrychology, as distinct from 
experimental psycholonr, is a purriy empirical 
scienoe. An exact scSinoe of the mmH miMi 
have among its msibods some pwyes s of dis- 
secting and analysing a vital brain. Sadi a 
process, we eonteiid, is to be found in the 
methods of the hypnoCirt. 



Itt a Hypaetic Hoapital. Hypnotism 
has become eo confounded in the pubUo 
mind with the groeeer nonsense of mesmerism 
that it ie necessary to point out that the hypnot- 
ism of which we are now speakii^ is the 
hypnotism of the medical man as it is prac- 
tised in French hospitals and by some of 
the leading physicians in London. Ix^t the 
reader take his stand, as Myers says, '' nt one 
of the modem centres of hypnotic practice— 
in Professor Bemheim's hospital-ward, or 
van R^terghem's cUnique ; let him see 
the hundreds of patients thrown daily into 
h 3 rpnotic trance, in a few moments and as a 
matter of course ; and lei him then remember 
that this process, which now seems as obvious 
and easy as giving a pill, was absolutely unknown, 
not only to Galen and to Celsus, but to Hunter 
and to Harvey ; and when at last discovered 
was commonly denounced as a fraudulent 
tiction, almost up to the present day. . . . 
Mesmer’s experiment was almost a * fool’s e3&- 
pediment,’ and Mesmer himself was almost a 
charlatan. Yet Mesmer and his successors— 
working from many different points of view, 
and following many divergent theories — have 
opened an ever-widening way, and have brought 
us now to a position where we can fairly hofie, 
by experiments made no longer at random, to 
reproauce and systematise most of those pheno- 
mena of spontaneous somnambulism which once 
seemed to lie so tantalisingly beyond our OTas|>.’* 

We Hypnotise Otareelwee. Hypnot- 
ism, as practised by rcH*ognisod men of science, 
consists in, first, th<* removal, as far as possMr^ 
of normal consciousness, and then the sugges- 
iicm of an idea to the secondary conscioiiHn(«ss. 
We say the removal of normal consciousnwM 
as far as fstssible liecausc in many easels 
such hypnotists os Dr. Milne Bramwell convc*y 
their su^estions while the patient n^mains 
convinc€« that he has not been hypnot- 
ised at all. In most cases, however, n deep 
trance is induced — so deep that the patient’s 
mind is entirely emptied of its worries and 
perplexities, and is frw to receive and to lay 
hold of any suggestion which is offered to it. 
And yet, be it noted, hypnotism is practised 
by everybody in the oidinary acts of auto- 
suggestion which make up so large a part of 
that conversation which const'iousness holds 
with itself. You cannot offer your mind an idea 
without, in some measure, hypnotising yourself. 

The Twofold Sorvico of Hypnotlom. 
The services of hypnotism are twofold — 
first, as a curative a^nt i and secondly, as a 
means of enlarging the borders of pH 3 nmology. 
To take the first service, that of pathological 
hypnotism, we find endless ciuws of people 
frera from distressing mental disorders, other- 
wise incurable, by the healthful suggestions of 
the hypnotist. In old days, a pensm suffering 
from an obsession, or lieing driven towards 
insanity by a ghost of his own ronioniig, was 
given a tonic by his physician, and bidden to 
go on • voyage sad see what that would do for 
him. To-day he is sent to the hypnotist, who 
indiioes in him a state of hypnosis, or trsnee. 


and then tells him that his obssMlon Is dslution, 
that nothing threatens him, that he is perfectly 
well, and that he must constantly infbrm him- 
self of this fiu^t when he issues from his timnce. 
The patient is iv^itored to consciousness, kogws 
nothing of what has been said to him in Umnoe, 
and goes away to find his ohsemuon gradually 
fading from his mind. The hypnotist, be it 
particularly noted, has not imfMwed his will 
upon the patient ; he has merely called into 
activity the patient's own heal^y impulses. 
Hypnosis^ as I>r. Rramwi*ll has pointed out, is 
not due to any mysterious force or Huid emanat- 
ing from the operator ; the condition is a sub- 
jective one : the ofieralor calls into aotkm 
powers which are latent in the brain of his 
patient. 

Two Dofiotto Stateo of Conoclotio* 
noM. Tile services of hypnotism as a means of 
enlarging the borders of psychology have next 
to be considered. As wc said at the outset, 
hypnotism is the only means w'e possess of 
analysing a vital brain. When hypnosis has been 
induced, the pat ient is not properly iineonsoious ; 
his normal consciousness has oeen removed, his 
secondary consciousness is in action. You may 
speak to a patient and he will answer you. You 
may discuss a problem with him, ask his opinion 
of a sonata, or dim^uss his opinion of his own 
normal consciousness. His answers will lie per- 
f(H‘t(y rational and intelligible ; he will spt^ak of 
himself— that is to say, of Inith his normal and 
his scK'ondary conscMmisness— in a manner which 
exhibits |>erhM't knowlinlgc of both. Hut when 
hypnosis has passed he is unaware of what he 
has said, and cannot romemlwr that he has even 
spoken in his trance. That is t4) say, while his 
sfx'ondary consciousness has an intimate know- 
ledge of his normal oonHciousnosH, his normal 
consciousness is completely ignorant of the 
seoondaiy consciousness. 

No words can exaggerate the im|iortance of 
this discovery. No bc^ of psychology can hope 
to throw light on the system of mind which 
dofjs not take account of these two definite states 
of consciousness. Instead of a mind expressed 
in consciousni*HH, we have a mind in which normal, 
or waking, oonmnousness plays but a meagre part, 
and in which a sixiondary and unapprehendeci 
form of conMciousn<sui plays a large part. Instead 
of regarding consciousness as the mind in action, 
we have to look upon it as a fragmentary and 
very imperfec^t form of the mind’s general 
activity. 

The Hytmwy of Suggootlon. There 
are many familiar legends eonoeniing the 
cure of diseases which at once suggest them- 
fwdves, in the light of hypnotic knowledge, as 
cases illustrating the power of auto-su^estion. 
The roinK'les of Lourdes, the healings of c3iristian 
Hciener, and the legends of Kiim's Touch— ail 
have, in this light, a rational explanation. But 
they serve a more useful purpose than acting as 
mere illustrations of a theory. They force us, in 
an extremely suggestive manner, to apprehend 
the deeper mystery of what we call aufo-eiiMes- 
Uom, If 1 have a toothache 1 nattirally wish that 
I sbemid not feel the pain, but wian as I may, 
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thepftiniMfM. Why, then, am I to believe thAt 
the Mggee&m of the hypnotiet will be enlBoient 
to feinove the pftin whkh my own raggeetkm is in- 
eaiNible of effecting ? Now, when we notiee that 
in the case of the Lourdes mireolee end in the 
oeA of Christien Science heelings nein is un- 
doubted^ remoTed, we peroelye — ^without in eny 
wey committing ourselves to the h 3 rpothesis of 
the mireole— that an ecstatic nerturbation, or a 
violent and intense emotion, tuts the power to 
effect on the physical organism results which 
ordinaiy suguestion fails to accomplish. This 
leads us to the conclusion which Dr. Bramwell 
himself holds — although combating its inference 
— that suggestion is not sufficient of itself to 
account for the effects produced by hypnotism. 
Suggestion does, indeed persuade — powerfully 
persuade — the mind, but suggestion without 
hypnosis, or some other influence of a super- 
normal kind, is not sufficient to account for the 
revolution in tastes and morals, the entire change 
of habits and dispositions, so effectually induct 
by the hypnotist. 

A Mnn Porformn bin own MIrncleo. 

But if we accept the definition of augguUon 
given by Myers os the surress/u/ appeal to the 
eMiminal adf, we are in a position to explain, 
at least tentatively, the cures of the hypnotist 
and the miracles of Lourdes. In the case of 
Lourdes the patient who is cured is generally of 
a hysterical or of a very simple nature ; he 
believes implicitly what he is told ; he is con- 
vinced that the water will miraculously cure 
him. His ecstasy sweeps away, more ana more, 
the troublesome normal consciousness, until at 
last, when ho reaches the holy waters, normal 
consciousness is in abeyance, and all the avenues 
to his soul are thrown wide open to the influences 
around him. So in Christian Science a formula is 
given which gets nd of the sceptical and dis- 
criminating normal consciousness, and slowly 
makes a way to the higher faculties of being, 
which exercise a far greater control over the 
mind. The higher and the more spiritual the 
faith, the more probable the miracle If a 
man can persuade himself that a chip of wood 
is a piece of the Holy Rood, and that it is 
offioaoious in all sickness, he may cure himself 
of disease. 

Myers was led to perceive by veiy careful 
obae^ation of these ** miraculous healings ’* 
that eo8ta<iy in some form is a common feature 
of will cures. This led him to think that 
hypnotism, without knowing it, made possible 
hypnosis that sucoessnil appeal to the 
sttbhmiiial self which is in truth the agent of 
cure in every case — religious or therapeutic. 

The stucrat will study for himself the evi- 
dence on this subject, and will decide how far 
Myers was JustiM in his theory. It remains 
on^ to say that, whether ai^ theory can yet 
be substantiated by the evidenoe Wore us 
or not, the facts of hypnotism are in them- 
selves a definite and revolutiorublng oonUribution 
to the study of the human mind. It is in this 
attitude that we would present hypnotism to 
the reader aa a subject worthy m hk most 
devotsd attentkm. 


Thn HiglMr Proliinms of IMm. To 

a- young community, such as a colony atrug- 
gling to create itself anew ato the ravages 
of war, life seems to present to it no other oon- 
cem tha n the material objects of existence. 
Even in old and settled countries there are 
people who can conceive of life as nothing more 
valuable than the opportunity for improving 
sanitation, devising new forms of taxation, fuid 
amending the acts and by-laws created by their 
ancestors. 

But as soon as a man's life becomes more or 
less ordered, and he has advanced some way from 
the forest necessity of a struggle for existence ; 
as soon, we mean, as a man has no worry about 
his raiment, his nourishment, and his lodging, 
he begins to perceive that life presents to his 
intelligence certain important problems which it 
obviously behoves him to solve if he would live 
a rational life. 

He must know, in the first place, what he is. 
He must foiow, in the second place, the object of 
his existence. And, in the thW place, he must 
know what are the effects of death upon his 
consciousness. It will seem to him at the moment 
of this apprehension that life can scarcely 
have a more splendid oooi)pation for his intelli- 
gence than a solution of these problems. Instead 
of appearing before him mistily and uncertainly, 
as the by-play and the hobbies of existence, the^ 
will appear to him the grand objects of life, 
beside which the stru^le for existence is the 
mere passion of youthful barbarism. 

The three great riddles, What am I ? ** 
“ Why am I here ? ” What happens to me at 
death ? — ^have teased the intelligence of 
from the earliest daaTi of consciousness. The 
answers have been so various as to confuse the 
questions, and it is only now, w'ith a definite 
procedure of science at our hands, that we are 
able, first, to rfee the ouestions in their true 
si^ifioance, and, secondly, to approach them 
with the deflmte hope of their solution. We have 
reason to believe that the questions are not vain, 
and that it is the end of human inquiry that we 
should reach their answers. 

Are the lieterlallete Hoaeet with 

Themeelvea ? It must sometimes strike 
us when we are reading a book about the 
brain how oddly we are constituted, since 
the brain is here found reading about itself 
in the fond hope of discovering what it is! 
One knows not how the materialists feel when 
they are composing these books ; but we must 
suppose them to sit back in their chairs now 
and then, and wonder how it comes about 
that the lump of matter which we call the 
brain is able to write so learnedly about itself 
without in the least understanding uhat it aU 
means. It seems at first sight timt these men 
cannot be honeet with themeelvea, that they 
cannot definitely believe that the foots marshalled 
on their manuscript, the logic running through 
it all, and the oooohiaions gradually em er g ing 
with the utmost satisfoetion to themsslvea, are 
an the products of a handful of matter atmg^^ing 
toamitaeffmtimmirrorof phflosqpliy. nebtam 



%iitis alMMit the the hrehi feeds ehcMit 

Uie heein ; and the mose we ehsohitely legatd 
the hrain as this handfal of matter the more 
are we amajEed at the position. 

Ifna ie Ifoew thna linttnr. A very 
little inquiry into the labours of men who 
have senously set themselves to answer the 
three great riddles of eaistenoe oonvinoes us 
that we are dealing with subtler forces than 
any exercised by groas matter. We may not 
be able to subscribe to the oonolusions they have 
reached, but we shall feel that these men are 
groping for light in the only region where light 
tt to be found, and that alr^y they have 
'brought back sufficient illumination to convince 
us Umt man is something more than a material 
being, and that his imagination and his genius 
are something more than the by-products of 
accidental evolution. 

There is one point in the methods of these 
men which dilferentiatea them completely from 
the pr^unoed mateiiaUsts ; and it is a point of 
•uch importance that we would particularly 
beg the reader's attention for it. In reading the 
gospel of materialism the student will perceive 
that physical science postulates in its study of 
humanity, a type of beiim ao rare that we nought 
almost be excused for doubting that he exwts 
at all Man, we find, is habitually spoken of 
by materialists as a vigorous oreatuie, judging 
from effect to cause, from cause to effect, free 
from all superstitions, his mind working wiUi 
the handsome regularity of a steam-engme, his 
processes of thou^t running evenly, his emotions 
— ^if they ever venture to manifest themselves 
at all — revealing themselves only m the most 
orderly and pious fashion, one, in short, whose* 
brain is absolute lord and master m the houiM*, 
and whose digestion can account for any tnviHl 
aberrations m sleep which may from time* 
to time disturb Uie unbroken saay of hin 
inlolieet. 


HywtwHn nnd liMnnlty In reading 
the gospel of p83rohioal research, on the other 
hand, tne stuaent finds a wiser science which 
seta up no perfect man as the norm of the 
race, but which seeks for humanity when* 
it is to be found — even in the prisons, in the 
hospitals, and in the lunatic asylums. In 
i sa reh for the secret of oonsoiousnets, psychi- 
cal seienoe goes to every form of human oonsoiouf*- 
and examines it patiently with the most 
devotion to the well-defined pro- 
of phyajoal science. It examines all 
> nhcoomena which the materialists dismiss 
the meaidn^hss word kytUria, and it 
Mdlas an those distntegratioiis of personality 
wUeb the materialists also dismiss with snother 
wwainriess woid-^he word inmmUv^ Hmwc 
ti BO Asnist who can tell you what insanity 
I Bsa n s ; these is no physidsn who esn tdl you 
iriuit hyateria meoas. And yet these two wolds 
M the iMNMMns wUdi mateM seienoe h in ib^ 
ItehM of employiiig to sweep out of its sumy 
nf hnmetiity someof the most important and 
of hnmtet peieonality. 


with 


Mm M Ormt MvMMim. la 

okMim m mold diaw the nato’e aMeatioa 
toa tewoonohuhwewhioh have been wtlvMl at 
on these great riddles by men of eminence. 

In R^’a « Bmy on'the Intolleotual Pewm 
of Man we read: “I am not thought, I am 
not action, I am not feeling $ I am some- 
thing that thinks, and acts, and suffers, My 
thoughts and actions and feelingB change every 
moment ; they have no continued, but a 
successive existence ; but that sei/ or I to which 
they belong, is permanent, and has th^ same 
relation to all succeeding thoughts, actions, and 
feelinn which 1 call mine." 

In lUnt's “ Worke," we read ; " It is there- 
fore as good as demonstrated, or it could easily 
be proved if we were to enter into it at some 
len^h, or, better still, it will be proved in tne 
future — I do not know where and when — that 
also in this life the human soul stands in an 
indissoluble communion with all the immaterial 
beings of the spiritual world ; that it produces 
effects m them, and in exchange receives impres- 
sions from them, writhout, however, becoming 
humanly conscious of them so long as all is well.^ 

Dr. Alfred Russel Wallace says : " My posi- 
tion is that the phenomena of spiritualism 
in their entirety do nof require further confirma- 
tion. They are proved quite as well as any facts 
are proved in other sciences . . . This being 
the state of the ease os Awards evidence and 
proof, we are fully justified in taking the faeU 
of modem spirltualsim (and with th m the spiri- 
tual theoiy as the only tenable one) as being mlly 
established." 

Att iDlBlllglblw BbbIb of Lifo. 8 ir 

Obver Lodge says: **The mystery of inoar- 
natKm and of gradual development, of the 
fiersistcncf of existence beyond licKlily death and 
decay, and even some glimmerings of the possible 
meaning of the vague dream of so-called 
reincarnation, all become in some sort intelligible 
on a basis of this kind—the basis of a full and 
never wholly manifested persistent self, from 
which fierioaioally sprouts a terrestrial mani- 
festation, though never quite the same. Karh 
terrestrial appearance flourishes and assimilates 
mental and moral nutnmsnt for a time, and ilie 
result of each is uirorporatod in the constant 
and growing memory of the underlying, support- 
ing, but inooDspiotiously rnsnifesting, and at 
present barely recognised, fundamental self." 

Frederic Rivers writes ; " SvirUwU Evtduium : 
That, then, w our deetmy, in this and other 
worids—sn evolutkm gradual with many grada- 
tions, and rising to no ssstoable dost*. And 
the passion of life is no semsh weakness, It is 
a factor in the universal energy. It should 
keiqi Hs stfengib unbroken even when our 
weariness kmgs to fold the hands in e nd lass 
slumber ; it sboiikl outlast and annfliilate the 
* pongs that conquer truot.’ . , . Kay, 
in Ute infinite univerae man may now leal, m 
the first time, at home. The worst foor is over ; 
the true oeeurito is won. The woiet tear was the 
Iserof epirittiel exthtetlonorepMual solitodet 
the tnie seenrity b in the teteptenic Umt/* 












baoMMOOMB. Tlw beat Sharthom dairy Mtt» 
an kmai bi Oambariaad and WaatiMrlaiid. 
yaita cf TaitnaJilni aad Yoaba, and tlM NoHb 
of bibnl fmniBjr ; hi Darbniiiia aad Baeba 
thm aaa aba iMa^ tea aa«a dftbb ^pe. In 
ntiwi laawlha llai biiallaimib iillw laiiiliiiiiiiiali 
hat la all aarta cf Mbad, aiaapt whaaa poor 
bad anaafirttoiAatna aaa iaaad bi fba haada 
of a 1^ paaeaabfa al dahy InMB. la tha 


* Average at Park Royal, 1905. 

Tli« Dairy 8hortlioni« This la, per* 
h*pa, the moat popular of dairy oowa with the 
farmer. It is in thia country regarded aa a 
general purpoae oow, the Uugeit producer of 
milk, and capable on an emergency, or when 
milk production faila, of prodociiM a heavily- 
meated oaroaae. There are Dairy ^orthoma in 
thia country of the higheat type-~Hiuperior to any 
general purpoae oow in exiatenoe—and we 
b^ve tnat it would be poaaible by careful 
aelectaon not only to beat the ohoiceat atock of 
any other known breed in the world for weight 
of milk and butter, but, by breeding from the 
beat to be found, to produce animala rmoh would 
equal the Jeraey from the point of view of the 
qudity of milk. Although the average fat per- 
cental ia not high, there are in every Important 
comp^taon, auou aa the aimual oonteata at the 
Natmal Dairy Show, Dairy Shorthorn oowa 
whose milk contains from 4 to 5 per cent, of fat. 
Henoe, the inherent oapabilltiea of the breed are 
much greater than they are generally supposed 
to be. 

The Daily Shortbom oow baa deep, straight, 
and wide mittooka, a kmg, narrow ^ad, sur- 
mounted by fine homa, usually curved inwards, 
a white musxle, slender shouiderB, a capacioua 
abdomen, and a large, fine skinned, silky udder, 
provided with fairly large teats, placed wide apart 
each way, and earned well forward under the 
abdomen, and well backward between the but- 
tooki. Hie udder ahoold not hang, but In a good 
oow it ie eymmetrioal, aaually aemi-globttiar, dik- 
tended before inflking, and ehruiikeniiiiinediately 
alterwarde. A fine animal pieeenta a nuuarive 
Mpeeranee from behind, and a somewhat wedge- 
anap e d form from the front The calves grow 
with xapidi^, and if the leedtog bs well 
maintniried from bhrth, they provkfo epleiidid 
meat kaofwn aa baby beef, at two years old, 
jn a fe iid of loor yearn, as was the ceee a q oerfer 
of a eentiiiy ego when cattle were kept uottl th^ 
beoeiiie oiaam Ihe beet Sborthom dairv eattie 


United States the pedigree Shorthom is one o! 
the popular breeds, but the Dairy Shoithora 
oow, aa we understand it h ahnoat unknown, 
and the great competltiotiB in Chicago and St. 
l^uia have proved that American farmers have 
little knowledge of the high value of our great 
native milking cattle. The following tahlea 
show their great capacitkw 


YUBLD8 OF MILK BY BHORTlfORKB AT 
THE LONDON DAIRY BHOW 


Owit«r and Cow I In 24 liour*. 


Mr. JloiiNior'tf Nuu-PoUigrtMD 
Bhoriliorn 

Mr. 8|M»noor*N Mar> 

Mr. Albert Merry** Mnry 
Mr. George Long's Red 
Queen 

Mr. Bkeppy'e Model Maid . 
Mr. Btanhope’e Wibby . . 


BUTTER PRODUCTION AT THE LONDON 
DAIRY BHOW 


Ownsr and Cow 

In 24 hoiifft. 

1902 

1903 

Mr. Birdsoy's HnnMty . 

Mr. Merry's Molly .. .. 

Mr. Merry's Daisy . . . . 

Mr. Merry's Boatrioo . . 

lb. na. 

2 111 

2 10 

3 U 

* 7l 


AVERAOEB AT THE DAIRY SHOW MILKINO 
TRIALS, 1690-1904 

No. of 
Cow«. 

PoomlB of 
Milk per Cow. 

Per oent. 
Pet 

Prr cent. 
Other HoUda 

147 

46'3 

3*78 

6*6 


Between ISSA and 1900. 106 Bliorthome weie 
tested for butter at the Dairv Hliifw Tiiey averMud 
SOI days in milk and 111 oa. of butter per day. 
re<|umrig 26*6 lb. of milk for the prnduotion of eaolt 
lb. In the four following yenre the averages were 
almost identical. 

At the KoyaJ Bhciw at Derby, in June, 1906, 
Mr Kvens's Lincoln Red (Burton, 4st.), 6 years old, 
gave 6M lb of milk , and Mr. R. Mhellon'a 
Bhortbom, Lady Mainstay, 6 years old, 7 gaL of 
milk in 24 hours—- tha latter iiroducing 3 lb. 4 os. 
of butter. 

Thw Dwwoo. The Devon dairy cow [S] ia 


mellow fleshed, and in many instances a^- 
metrioany formed, but she k Um perfect in this 
respect than the Devon of the ahowyard, which 
Is bred for beef production, and wantifig in those 
finer points whwh charaoleririe the perliKit dairy 
eow. Her milk is rich, and in many herds the 
yield is large aad the fat percentage hkht for 


whfoh reseon she Is well adwpted to the production 
of what is knowfi in the West se clotted cream. 
She is an exceptional butter cow, but is used In 
S o merset by many fannsfii in thafar cbeem* 
making herds. We may fairly amame that a 
herd of oseful oatUe will prodaee more than 
4 lb. of butter par lOD lb„ or 10 gaUons of 


At tbs Royal Show at Dorly (Jens, 1906), Mr 
Wm VoipsA Primula Soe^, mwe 66 lb. ei 


milk pieduskig f lb. 41 
aad at tbo London Del 


f seou d , jpwe 66 lb. ef 
a. of bmtir In M beme* 
bi Oolebir, 1664, 
lb. f os. of mSk. 

















aovTu ravoN cow 


Tli« R*d Pali. A good milking cow of this 
breed possesses s long heM, quite devoid of oosne- 
ness» somewhat slender neck and shouklns, a 
capseious abdomen, square quarters, deep body, 
brMth across the hips, and a somewhat light 
fore-miarter ; the udder resembles that of the 
HJuiruonL The following measurements are of 
a finit«priae oow of that breed Uei^t of hipe» 
flOtn.; length, 62 in. ; girth behind the shoulder, 
76 In. ; width across hips, 20 in. ; hip bone to tall, 
174 in. Although the average quality of the 
jnilk is exceptional, there are many cows which 
produce milx containing still larger proportions 
uf fat 


VIKLDH OF MILK AT THK 
DAIRY SHOW 

LONDON 


Owner aiicl Oow. 

IQ 24 houm. 

IMS 

Lord Rothnihiid'n HoMoc 

lb. 

o/. 


(IkMMI 

50 

12 


Mr.Baniet'iiKuth JV. 

51 

— 


Lord RuUuwhUdV JlutMwi 




Wayward i 

5« 

6 


BOTTSB PKODUCTIOK AT THE LOKBOK 
DAIRY 8HOW. 

Kfom 1665 to 1600, 80 oonrx were tested They 
averi^eqidm in milk, and 1 m. if os. of butler 
per amy. In the loUowiag four yeaie the weiidit 
of butw variad from 1 lb. to 1 lb. 65 vs., vequmng 
Ifem f 04 lb. to 801 lb. to produee eaoli lb. 


ATERAOSB AT THE PAUtT SHOW lOUEIHO 
TRIALS. 1WS-IM4 

No. Of 
Cows. 


Ear Mat., 
OttMTSaSUa. 

40 

M-S S-M 



qflbis fdtilwiiInBiilie bnmdL 
«g imiamMT variety 
ibe foM ul view of hent tam* and eplw* is 
sieettliit^fieQiolbaad eo«m «i« eoauM^ 

te wM» 

jraqiidfiHy eiper l e d <te SorwigF ami SwMan, 
twy iiw mmk e i l segia d . The ApnMre is 
e )bNNl3r e|w« 


akb, and to «dbe tlm 
of a eoarse nvkion. 
weighhig fairly weU* she is 
ammler in frame than ^ 
dgmrea suggest. In addition 
to the remarks made on page 
2266, we would call attentiott 
to the fact that in no breed 
do we find the sheuldms and 
neck so shmder, or the body 
taper so gradually from m 
fore to the hind quarters 
[see illustration on page 2267]. 
The abdomen is Urge, the 
loins thick and deep, and the 
udder exomitional in ite form. 
Instead of hanging or being 
globular, it is comparatively 
flat, sometimes no deeper 
than the base of the abdomen, 
yttupt ^ broad and long, and 

provided with four small 
teats, which fit it for femsle rather than 
for male milkers The breed should be more 
generidly enoouritted in England, although it 
IS probable that English farmers object to it 
on account of its being but httle adapted to the 
production of beef. The Ayrshire is found in 
perfection in the South* West of Scotland, chiefly 
m the two great cheese-producing counties of 
Ayrshire and Wigtonahire, where herds oon- 
taining 250 head may sometimes be found, since 
It is better adapted for cheese-production or 
milk-seUing than butter-makmg. A London 
champion cow measured as follows : Height at 
hips, Min. ; length, 84ui ; girth b^iind shoulder, 
74| in. ; width across hipc>, 18 in. ; hip bone to 
tau, 18 in 

lu the milking tnali of 1699 four Aynikim 
nvemged 47^ lb. of imlk oonUiimiig 8*7 p«r oent. 
«»f f»t and 9*2 per cent, of other Mohds. In 1991 
four oowfi averaged 42*3 lb. eontaining 3*4 per cent, 
of fat and 6*9 par oent. of other aokbdii. 

In the yearn 1895 to 1900, eight Aynihiree averag- 
ing 52 day* m milk averaged 1 lb. 134 oa. of buftter, 
caefa lb. requiring 15*35 lb. m ita prodiuetion. 

The IwvMy. The Jersey is at onee the 
most elegant of our native brew, and the most 
beautiful in cofour, which varies from fawn and 
Ifolden lawn to silv er jp ey and mulberry [eee 
illustration cn page 2267]. She is a oow, 
less llesly than any oUmw Britwh variety ; Iser 
skin, which should be thin and silky, oovers ita 
bmiy struetnre with little flash bahind it. Ma;^ 
jiidgea in dt n a to this want of flashmem, and in 
tome capes a belief is held that the fleriiy Is 
not a m eritorious mfliriM cow. Dr. Watney, 
howovsr, the mo8t aueoessim of all Qompetitofs k 
bolfeer»making oompetitkMis, has proved by 
conatantly beating all rivals that Ihii theory is 
not eome^ for Iw maintiini Idi cattle in a oom- 
paridiee^y nMNdy oondltfoau a^ 

‘ » iqpoii wifoli tha 
of the past ob- 

tl» IriUk oa«Sliw IB 




pointo. Tlie skill Is mallow Mid cdhr, 
tko shoaddar almost impamptibfe, the book 
the ribs wsfi spmiig, the him wide, 
the belly oepaokHia, Mid the buttooks wide apMt, 
the gap bemc filled with the book of the iMpe mmI 
glolmar odder, whieb is more oharaoteristie of 
this breed than of any other ; the toate are of 
mediam aiae, well plaeedL and wide apart The 
milk vein is prominent the*tail black and long, 
and the akin yellow and rich in the most eznosed 
parts, as the ears, inside the thighs, and the 
odder. The Jersey is a remarkable milk and 
batter jwodooer, and the few selected examples 
will fonush some idea of her capacity. Baron's 
Progre ss , London champion (1889) gave milk 
containing 7*94 per cent of fat in the morning, 
and 8*55 per cent.* in the evening, producing 
3 lb 5 os of butter in aeingle day. 

Between ISOS and 1900, 126 Jermeyii. eversfring 
99 daya in milk, produced an average yield of 
1 lb. lOf os. in the 24 houre, 19 15 lb. of milk 
being requited in the produotion of each lb. In 
1903, 20 oows averaged 1 lb. 11 os. of butter, eaoh 
lb. b^g obtained from 18*12 lb. of milk In 1904, 
IS cowe In milk 117 days gave on average yiold of 
1 lb ISt os. of butter, eaoh lb. being iiroduoed 
froinl9*6 Ih of milk. 


AVERAQBB AT THE DAIRY SHOW MILKING 
TRIALS, 1899-1904 

Kaof 

Oows. 

Pcuidiof 

KUkperOev, 

Per oeui 
Pst. 

Per cent 
Other Solids. 

131 

81 4 

5*2 

92 


Not only is the milk of the Jersey rich, but it 
is remarkable for the large sise of its fat globules, 
as well as for the extraordmacy richneiw of its 
oolouring, which, like that of other breid«i, is 
more marked when the cows are on the pastures 
in aummer. Much has been done in the Island of 
Jeriey, from which all our stock is d«^rived, as 
well aa in England and America. In the latter 
country there are many public tests of remark- 
able oows, and the pedinees of these animals are 
often accompanied W mrures showmg the actual 
yield of butter by the urns and the grandams 
during a given period. As the Jersey hss 
liUle economical value apart 
from her twHiriiig powers. It IS 
more than essential that this 
should not only be maintained, 
but devdoped by the adoptbn 
of the principle of selection. 

Hie male calves of the Jersey, 
unless of very flnt-imte stock, 

MU of little or no vs^, and 
the remark applies equally to 
h e i fer oalvee die ptoduee of 
hrierior oows end bulb. In 
every importent exhibitjoo 
u nim ai s ere exhibited which 
have been pafehaeed in the 
Ttkai d of Joaeey from hieedem 
teeliee hkh vntm lor 
> able to wm. The Eng* 
ie Uioa^ya bigger, 
d d*— ^gf eowwan 
i ^ fetand 


b • hmOr ■airnml. tMwOiklhr imatebfe w 
kaw M dm oontiauai to mm. twt »t the 
end of her days her oareass carries li|^ 
meat. Jeney milk is seldom placed on the 
market, for the reason that the dealer is uii* 
willmg to pay for it in proportion to its value. 
It not only produces more butter per 100 lb., 
but more ohemc, and, contrary to the bcliel 
of the practical man, it produces better cheese, 
while the cream is far superior m texture and 
flavour to that of Miy ot)ier breed, the Guernsey 
excepted. 

J>r, Watney's herd, members of whli^h have 
reached 550 lb of butter in a yi*ar, has reached 
an average yield per cow of 450 1b 

Mmurement of Baron's Progress Height 
of hips, 50 in ; len^h, 87 in , girth behind 
shoulder, 72 m. ; width across hips, 56 m ; hip 
to tail, 20 in. 

Thw Ouwntnwy. Tins famous cou [4) is one 
of the ohfef products of the island from which its 
name is derived. Her colour in orange, or orange 
and white 8he is heavier, larger, and coarser 
than the Jersey, and her Imes in consequence 
less finely drawn. The quality of her milk is 
praotioalfy equal to that of the Jersey It 
produces butter and cream of similar character 
and colour, and is equally well adapted to the 
manufacture of obees*^. ^e average Guernsey 
is of a fleshier type than the average Jeraey, but 
the lightly-olaa cows, when symmetrical, are 
preferml by the fudges in the showyard. The 
skin is fine and soft, the body deep, the Joins wlde» 
and the fore-quarter slender in the liest examples ; 
but, taking the breed as a whole, it is less elegant 
than the sister variety, although oooasiomsUy 
oows closely approximate m auality to the 
best Jerseys. The calves are lietter adapted 
for veal prrauotiun than those produced by Jwnmy 
cows, and although some admirers have produced 
excellent steers, it is doubtful whether a net 
profit has been realised upon their sale. Oooa- 
sKmally wonderful producers of milk and butter 
have appeared on the scene, and the follow- 
mg instances show that there is inheront 
power in the breed, that is less ardently culti- 
vated than the Jersey, which in this countiy. 



4 OUMOrSSY cow 



M fai AnariGa, hia M CTwptioiuJ wciety of 
idttdrani it* 

in tlw United Stetw, Onameju vUeb have 
been oflioMly tooted bate in many eatee g^ven 
from to 1,400 gaihnie of milk, prodnring 
fnnn 020 lb. to 775 lb. of butter in a year, 
idiiln in the Iiland averngm of 1,200 iilkma in 
tmall herda an not uncommon. 

Between 1«WI and 1900. IS Onenum avecacma 
71 1 «toy» n milk, evei^ per day I It OJ oa. 
blitter* eeob lb. being obteinim from SI *S lb. of milk. 
In Inter yeari tbeeo figimw were both increnaed nnd 
diminiMhod* for the number of oompetitom wns 
Hinnil. 


AVERAGES AT THE DAIRY SHOW MILKING 
TRIALS* IM0-1M4 


Per esnt. 
Fat. 

Per cent. 
Other Solids. 

— f ...... 

42 1 31 

4*6 

91 


m Mimb cqkwr, mad Ibvoiir 

ooflupmd wib tba Janegr of tbe Ougraae^o 
l%e now BnbnOiam Belle bee produoed gboot 
lelOO fnfloiiB of milk per enmim ; while at the 
0erby Kovel Show, tedy Oreeiinll*e WnHan Joyptn, 
4 yeele A, gave 47 lb. 14 ok. of milk in S4 bmmL 
In IMS, the only peer in whieh the London oom* 
petition bee been normnl, lew eowe hnviag been 
entered, two l^eeiiee, nveresing 44| dnyn m milk 
gave per oow 1*71 lb. of batter, ench lb. being 
obtained from Sl| lb. of milk. 

AVEBAQB8 AT THE DAIRY SHOW MILKINB 
TRIALS, iM0»l905 

Ho. of I 
Oowf. 



The following meaeuremonte are of a 2|-year- 
old^ifor which was a London champion : Hei^t 
ofhipe,50in ; length, 

86 In.; girth behind 
eboukiw, 72 in. ; 
width aoroee hips, 

18 in.; hip to Uil, 

18 in. 

Thw Kmrrj [tee 

Mge 8237]. Hie 
Kerry cow > the 
pride of the dairv 
of Soathem Ireland, 
where, however, it la | 
not neen to the beet 
advantage. Ite ^mall 
aiie M no doubt owing 
to the fact that it 
has been practically 

made *' on the 

moimtaina of the g 

•Ottth • weet, where 

herbkge iaexUemelyaeanty.and the meaneof the 
ownam as extreme^ lumted. The reeult is that, 
atMii bom diminutive aue, it remains a milka* 
of a emy low order until its venue is changed 
and it is snppUed, like other cattle, with liberal 
quaatitiii m proper food. When led in the 
normal m anne r it is one of the heat milkers in 
the world in proportion to ila wei|ht llie 
writer onee a ttended the great Kcny Fair, 
at Kenmaaoi wlieffe» bom aoaa few thoueend 
a nhnnh , the an tm ni that wna heheved to hnve 
hetn the beet of the hnach wea aeleeloi and 
pq rehe e ed hy n bhenriWlar lor n fivo^foniMl 
noia. Mota, ho mei i ar > m hi Ite- 



lend; while lha Kmj Je gHidh aoMrior. 
Kany h hUk, or teh with omle 


The Dmrtnr. The Dexter [6] h as no counter* 
among anv British breed as regards either 
sise or form. It is wholly black or m ; a little 
vdiiteon the adder, along me ineide of the flank* or 
underaide of the beUy, or on the tassel of the tail 
is aflowal^. Th4 
head is broad and 
short, taperinff to the 
mu sale, which is 
large; tne neck is 
ih^ deep, and 
thick* the shouldefe 
wide apart, the hips 
wMdo, the quaitera 
deep and well sprang ; 
the body well ribbfdL 
the under loin straight 
and the udder pla^ 
well forward, showing 
breadth behmd, the 
teats being well placed 
and of medium sise. 
The legs are short 
DSXTXK OOW Strong, the 

body IS as close to 
the ground as possible. The boms are short and 
moderately thick, having an mward and sltghUy 
upward curve. The sun is soft end m^w, 
but not too thin, while the hair is fine, abundant, 
and silky. The hulls should not exceed 900 lb. 
in weight, and the cows 800 lb. Hie real origin 
of the Dexter is not known, but it is betieved 
to he the result of bceeding bom epeeialiy 
arieciled Kerries. Mr. Hordern, secretary of tlie 
IhgHrii Kerry and Dexter Society, estimated the 
ew wge jrield of both Kerry and Dexter eowe 
•k ^ aeflons a day for heifers and 8} galloiMi lor 
eowB» hut we mnai regsid these fignm as epply- 
Ing to aeieoted stock only. 

The oow La Msiinha Beatrice, having enivnd bi 
J«hr, gave 4 galkmi dsi^ in Ootobur, this esotninkig 
4 per eent. «f fat ; Red Rnie gave b e t iwssn Bscsmkm 
and g sg s nn b t r, 1,878 gsIlBiM ai mflk; and Mr. 
XebertMmh Rdaa, 4 yvarsakt. 41 Ih 14 ea. In lha 


£ri!£msiimlil» eiri jfM thTBi^ 
tenfhiiheitetfQr the maLidthmiih bhrlly 
9ktk Awe not prodnea heltar m the inMt 




mmmmmmmM nl te Cnmrn Hieetndenl 
wSI Red tm gmeeat temarirs on the Bfeadhin; 
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WImii * cow liM bm imrdiAMd tlM k In 
tionl dnfayiQg, nanaXty in milk or in oalf» or iMitlu 
If aim be dry «nd pcegnont, it ahonld be iKMtibie 
to reoognke the nreeenoe o! the oal! by preeeintt 
with tm» book of the index finpr and the baU 
d the thumb rather low down in the abdomen 
below the hipe on the right aide. The fact of a 
oow bcdng dry k preaumptive evidence that the 
haa been drM for ealving, but the calf may be 
felt before diying off by an expert aa earfy aa 
the fifth and aixtn month alter aervioe. A oow 
in aeaaon indioatea the fact by her excitability, 
and by other akpoa which every atookman under* 
atanda. The uiUed are aware what oourae to 
puraue, but In the oaae of the unakilled we 
atrongly urge that when it ia intended to breed 
from a oow thought ahould be given to the 
matter before deoiduig by what bull ahe ahould 
be croaaed. It k far more economical to employ 
a auitable bull of a deep milking strain, and to 
pay a guinea for aervice, than to use a nondescript 
bull without any payment whatever. In the 
ordinary way, a milking oow ahould be dried 
six weeu before ahe k due to calve. In drying 
a cow, the milker commences by omitting a daily 
milking for a few days, and then ly omitting to 
milk lutogether. Some ootirB continue, in spite 
of all precautions, to milk right up to calving, 
with the result that the foetus k stained, and on 
its appearance k usually weak, fragile, and 
undersixed. A week or two before calving— 
or when, owing to her breed or hktoiy, i^lk 
fever k anticipated—a oow of a fleshy breed 
should be scantily fed that her condition may 
be reduced. If ahe be turned out, a poor 
pasture will serve the purpose beat, without any 
addition to her ration. If she k bein^ stall-f^ 
cake and meal should be omitted, a light ration 
of hay alone being provided, and she ahould 
have plenty of exercise. 

Cnlwliig, When calving k near the oow 
ahould be watched and kept untied night and 
day, cither on a pasture or in a loose-box. Some 
farmer! would milk her eveiy night to prevent 
her calving before the morning, but thk p'an 
k not infiulible. Sometimes, after calving, the 
** placenta," or after-birth, refuses to pass. Thk 
k a trottUmoine and sometimes dangenms affair. 
A drink may be obtained to help the animal, 
while to the emaed portkm of the " cleansing" 
a thin cord should be attached with a li^t 
weif^t at the end that there may be gentle and 
continuous force exerted which will irauoe it to 
dk at t aeh itoeH Dnrfaig the retentkm of the 
plaoanta, and to pevent pokoning by its ds- 
oomposition witlun the animars body, the 
p a s sa ge should be da^y dkinleoted with oarb^iUo 
acidattheraleof 1 part to fiO of water. Insome 

, where the attachment k slight, the alter- 

hkUi may be gentfy removed, or tom away tnr 
the hand rhanlmees, at ali times important, m 
donUf ao at thk period In all oaase the alter* 
bkOiilKiiild ha buried 
It a omerimas happsna that alter calving ona 
llm teato o( tlm nddar k bbokad and refuaes 
topawmiik. lUs k aonudhnaa owhm to a chill, 
a a m a tim n i tg the eas iliamie se ol a milker befare 
aalvigg. ItwfflneadaaichilandgBnliamaiiipnla- 


tlon, and it may be neoeeeary to etrip It, or 
attempt to strip it, every ooupk of hours Ihroitgh 
the day in the effort to remove the malarial or 
cause of stoppage. Ihe loss of a teat k serious, 
for if it does not actually involve the loss of a 
full quarter of the milk which the cow should 
give, it diminish her saleable value. Should 
hand manipulation fail, the calf should be tried. 
In the ordinaiy way, a calf will succeed where 
man does not, suctiem being powerfully brought 
to bear. Should there he no gtiod result from 
either course, a silver tube must be obtained, 
and af^ lubricating with oil, very carefully intro- 
duced into the duct of the teat. This will usually 
pass sufficiently for to enable the milk to floa, 
but the paas^ may close again unkna the 
greatest possible care be oxeroked. Anothei 
trouble k the hardness of the uddor, which may 
arise from one of various causes. Here, too, tlie 


calf s assktanoe k often important, and although 
it k the practice of many hieedors to remove the 
calf at burth, and to feed it from the pail, it had 
better be left with its dam in such a case, that 
by its rspeated sucking and puncihing, the udder 
may return to its nonw condition. Failing the 
calf, hand rubbing with oil or goose grease k 
often found effeotual, but in all oases the udder 
should be stripped of its milk every three or four 
hours. 

Colostrum, The first milk drawn from a 
newly-calved oow k of much deeper oobur than 
nonnal milk. It k known as eotadrum, and k 
unquestionably valuable for the calf, upon which 
it acts medicinally. Cbkwtnim k extremely rich 
in solid matter, sspeoially casein and albumin. 
The solids may rsaoh 25 to per cent, against 
13 in normal milk, while the casein and albumin 


may reach 16 to 20 per cent., against 4 per 
cent, in average milk. 

Abortion, or slipping of the calf, is one of the 
accidents and misfortunes of the dairy herd. 
A oow purchased in the market or elsewhm may 
be infected, and if the fact bn unknown, may 
remain with the herd in her new home, and infect 
the cows around her [see page 2523]. No 
troubk should be regarded as loo great in a case 
of thk kind, for abmion in the herd has often 
ruined a farmer. A oow which has aborted 
should be fed for the butclier, as there k soni^ 
nek of infecting the bull, and through him the 
whole herd. 


Brwsdiug. Where a farmer breeds hk own 
stock, he must deride at what axe and under 
what conditions hk heifers should be mated. 
A heifer which k undersixed, raw, and still grow- 
ing, had better wait until from 19 to 21 months, 
but large-framed beasts, which are praetioally 
matore enough for breeding, may undoubtedly lie 
introdnoad to the bull at 18 months. A heilisr 
shook! never be retained for breeding if she be 
unbealtliy, or. Indeed, if she be not robust. It 
k for wksr to foed her for the botcher, Mueh k 
seooaplkhed by uood feeding from birth, 
maturity k hasteneo, etrength k Hnpisted, and 
on uolmal may be brought into the dahy aa a 
profitaUa asrvmnt at the age of 2} years instaad 
ol 2| years or latsr, These ate too many who 
Call 10 fosd well, and who allow Ihsir young 
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•loek to gMM uptMi poor pMitoiM ki Ifce belMf 
ikMi tbey «w Mviiig mmy by the pnM)^. 
UngeiiAroiM feeding js» bowever* uneeooomlceL 
In eeee of the malM of a henl, a yoonp; tmU 
may pfore nnfertile from time to time owing Co 
the aoanty way in which he has been fed. 

In the vast maionty of caees cows oalve in 
spring* bo t the fanw is able to control the period 
of mJving in accordance with the Taloe of the 
calf or of the milk. The cheesemaker reqoir^ 
milk from April to September prefers the spring 
calving cow; the milk seller* who caters for 
winter prices, often prefers the autumn calver* 
that he may obtam a larger yield at a time when 
It returns him the most money. It k importMt, 
therefore, that where cows are to calve at given 
lierioda* the bull should be confined to a box and 
yard* and only used when the cows are in season 
and at the ri^t date. Where the cows calve in 
spring labour is reduced together with the cost 
of ferang* for the herd, being on the pastures, are 
pretty much left to themselves. In winter, 
however, the milking cow is stall-fed, and this 
not only mvolves greater cost, but demands 
greater attention at the hands of both owner 
and men. As we shall 
see, however, some hand- 
feeding in summer is 
important, and, indeed, 
imporative. 

rolala m Pur- 
ehuwr Muat Look 
for. It is important 
in purchasing a cow 
that no mistuce should 
be made as to her value. 

There is no lesson in 
this matter which can 
compare witli experi- 
unoe, but a few words 
will help even the ex- «• ^ 

IwriMMwd bo^. 
animal fS] imould be •. Swttcii 
large for W breed, with 

A capaeious bel^* breadth across the Hips, a 
Htraipt back, depth of lota* width between 
tbe buttooki* fine shooldeni and nook, a long, 
lioe* head* powerful mussle, and flnp shap^ 
horns chiraoteristic of her breed. A short, 
thick oow with k deep brisket* oosise heed 
and nedc* heavy shoulders* and great fleshy 
dharaoter should be rejected* espeoaBy if the 
uddbr be small and narrow. Sim should be 
heskliy* quiet* gentle* chewing her ood when 
at fsst--«a very good sign of Mth; her horns 
fdsaa aod widiMt many wihikhs* her teeth aomid 
(both teeth end ^wrinkles m ^ horn iodkMKle 
agiL end provided with a hefldocmed large udte 
wA a silky covering much shrunken after 
Tfo rise of the udder IS not an efasotnte 
mMs to ndlUng ]K»wm* and theci^ 

Mg tnm a privihe hnjw on the tern ft is wise 
tjO ipM snionfed oowe 

In take the preoautfon not to inform the 
^ " a vkdt lor the pnnooe udB he made, 

amis any wnsfMy he **iitofllDod'^ 


Bsvertheleie* a very heavy yield with cne 
may he Mbwied Iqr a mueh lighter yield wftii 
the next* eltfaongh bter the letnra is almost 
oerteantobegoodT Them k no enqfihioal method 
of aekethm a good milker. The bmt JudlgBS are 
ofteadecmvedbyappeaiaiioes. Ahealthyoowlias 
warm ears* a k^* mellow iddn* horns warm at 
the base* and dew on her nose. Detafls as to 
teeth, with twodkr rams* are to be found on page 
22fl9. It ahoald be no^ that a oow anmys 
grasing pushes her teeth through more rapidfy* 
whereas fed in the stall she has less use m hop 
mokora, which may in eonsequenee appear 
later. 

Cnrw nf StociL Although the praotioe k 
most unoonimon,oows should be dai^y groomed* 
scraped in winter, and washed, if neoessaiy, to 
keep the flanks and butto^ clean. The 
average oow in winter k plMteted with the manure 
on whidi she Iks; thk dries and cakes, and dk- 
fimues her, until she kiaes her coat, apart kom 
which the pnotiro k filthy* and contributes 
to the ooutaminatbn of the niilk. A cow which 
is never cleaned may be attacked by ringworm* 
and IS almost invariably covered wim parasites ; 

^ her coat k the abode 

of dirt, and the milk 
she ykkls k daily 
tainted in consequence. 
Apart from growing, 
the coat should I& 
washed at least once a 
week with soap and 
water* to which a small 
quantity of carbolic add 
has bem added. One 
part in fifty will destroy 
parasitic life. Should 
ringworm appear in oow 
or calf, immediate and 
pmevenng attention 
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the crust of the growth may be removed a 


p Hip f. qiMrUn r. ThU ■hould be given, lew 
- ^ .... ,.Abdo. oompkints being more 

IIMB sad mUk veto «. Uu«k obs&irte. 

the hips, 

at a time, aad^the whole daily rubbed with 
earbolic or mercurial ointment* ^ch, however, 
idk to penetrate the crust itsdf . 

Tbw Bym. Hie buikltiigs in which cows 
are stalled* milked* and led vam in design. They 
have been d esc rib ed on page 2997. 

The cows may be tka to the stafls hi one of 
maw ways. A co m m on plan k to aflix a 
verlteal tron rod ri|jbt and left with soraws at 
each end to each partition. A chain k attHMshed 
to thk rod fay a ring that it may slide from top 
to bottom* and thus each cow k fattened whan 
the chain k passed arooiid her neck to the par* 
tkion next to idubh rim stands* and k able to 
feed from the manger wWhqnt too elosa i 
with her arighhonr. 
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mnm w ffy, il mmf bo MrHolhr 
te te tbo Qom io UtSTlSo 
B«ao Aonld be periodkoihr 
the liooti diri tt feolod dotty; 
Am killor «t» node of bmt oWy or 
firebffiflk, ood mvImI Io oooMttt. tln^ ihoiikl 
olio be nMtb ivMer. la winter tbe 

itiUe nuiy be btteiod widi etraw— oet etraw 
w beet, eepeeiottf M • portion wiU be comramed 
bytlieoilille--wtUi neotmoMtOr erenwitli mlw- 
dint or ehoTinpi, if ofber moterinle be not ob- 
tainable, ahbo^ the latter do not make the 
beet or moat demble of bed*. 

It ie e— entaal that boxee ehoold be provided 
for oalving oowa, oahme, and aiok oattie, all of 
which ehould be well lighted and ventilated, but 


Hdbmth«ithigoltlMnM»ttiim. IfraMe ehoold 
be enoQwegid to milk with ^ han^ other- 
wiee the praotioe of dippiim the fingere Into tbe 
l^ieregolarlyfoUowed. The praotioe ie not only 
oiegoeting, bot oontributee to the non-keeping 
power of the milk, whioh ie thue ooniaminated. 
Oowe may be trained to be miUctd in the fiekh--*M 
in HoQaad, where they are frequently tied to 
Mete, or in Normandy, where they etand quietly 
for the purpoao. In each oaae the iiatveaity for 
I the milk home la involved The Duteh- 
it in hii boat, the Norman dairymaid on 
her liead,'or in the panniem on the baek of an aaa 
When the milkera enter the oowhoiiae early on 
the winter'a morning, the oowa may be aupplied 
iweet hay 


kmt free tom dranghta. 
Storing I 


j nnd PimpnriagCnttlo Waddmt. 

A food atore and mining apartment where a 
nunte of oowa are kept is icqiiired, and it ia 
a good plan to oonetmot Sua in the centre 
of the cattle building. The door ahoiild be of 
concrete, and arranged eo that the pulped 
root#, the chaff, the cake, and the ami or 
grama used may be doee at hand ready for mix* 
mg in a heim 
morning ana 
night. The 
mixture is 
usually allowed 
to remain 
heaped for 
twelve houra 
that it may 
ferment. Being 
thus warmed, it 
la either oarrM 
in tuba or 
baaketa, a fd- 
vanieed iron 
barrow. 
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with a little aweet hay or, if the owner pi^fern, 
with their morning’s mixed ration. The udders 
are then oleanaed, the milkera wash their handa, 
don thekr overalla, and draw the milk in pails 
which have been cleansed overnight and kft in 
the air. After milking, and when the food has 
been consumed, the cows may be turned out 
either to gram and drink, or, when the weather 
la severe, for exercise and drink. Alter 
breakfast the men proceed to dean out the 
stalla, guttpra, and houses, and then to prepare 

the rauon for 
the following 
day. In sum- 
mer the oowa 
remain in the 
fields,but atten- 
tion should bo 
fliven to Jfates, 
fenoes 
water 

in ponds' or 
streams, to 
possible gaps in 
hedges, and, 
where fbragi^ 


to gat 
[Tj, the 
•uppljr 


or a tmmear, diieot to the cattle, crops, such as vetches, ryegrass, trifolium, clover. 


Whese many cows am the small 
or off engto described oi Btfs 2999 mi^ be aacd 
with advaalcfs. TSmm should be a loci or atom 
overimad, and Imm the ehaff-entter may he 
dxed, the bur or atmw being delivered tom 
the outaide ol^the buildiiig and tlaa chaff m it ia 
ee^^hid paaaad Imifnr through i 
the door. A halt to the 

drivea the ehaff^euttor will aerve 
pu^er and the coca mill ; hence if a etem for 
foola be eonvuniently placed into whkh they 
may be detfmmd by theeerta tom tbe field, 
and tf Ifm fmhi to be grouiid be alored in the 
lo^ to Ibm aaay be ecn venfsii^y pcepeied and 


me cnan aa w la 
a t ra mdoor in 
10 tomjrwbto 
we to dnve the 



Id 4J9 pmu aad iJ9 a. 
^ altlawiib to jdsid e 
hi eeaii caae, to ndxfi 
at to tot two pmioi 
kani f u honia apufti 
af tomato is . ‘ 


, cabbsns, or auiisc arc provided, to the 
cutting of the and im oonv^ance cither to 
to paatuies where the oowa are graaing, or to 
to mangara. It will usually be found 
thd to Aow the forage mown in the 
ing to remain until the next day before it te 
supplied, that it may lose part of its moisture, 
otherwise hoven [see pane 2028] may follow, 
espetol^ whm thk form 0 ? feeding is eomnumced 
and when to food is voung and suceohait. 

iiuoauuify to iCentog tooorda. The 
wpUbtm of rscording the milk yield of each 
cow tould be followed on every farm. There 
is no othur method of sscertainuig her intrinsic 
milk value. Aa the milk ia drawn ton each 
animal the pall should be placed upon a acala, 
to net weight aaeertained, and maiked on to 
moordabeetontliewall. A glance at such a sheet 
daffy wiB siiiiee to satisfy an owner* or to indi- 
cate when to yield suddeto eff In a parti- 
enlereeee, whither to cow be in season or suffer- 


leg. Thenmelim of measuring is misleading, 

aad touldnew be loDowud; weight h to to 

‘ * fiikm m^ ha 





*11BnS hktoiy of eorily Fanainince ia 
* inaaiiarol^ aoimected with tha hlatoiT of 
Flonntiiie art. It ia^ indeed, difionit to foliow 
the evoitttioii of the ferind in the thiee aieter 
aita aenamtely, ainee the giant minda of that 
period did not leatriot their pol e a e a l aetirilgr 
to a eiagle ap|^» and maetered the tanm m 
many arta. We have already aeen how Giotto 
achieved greatneaa in painting, aenlptnre, and 
arahiteotiire. Othen there were In the fi ft een th 
and eixteenth oentnriee who wore goldawitha 
and eenlpton and painteie ; thnre waa no art 
that Mkoelangelo did not wiaaliav and Leonardo 
da Vind oonldned the fanotiona of militwy 
rnginmiir, mvaieiaii, poet, writer of aeientifie 
treatieae, and etage manager of glorioita apee- 
taolea with thoae Si painter, aoulptor, and arehi- 
teet. Hwiewaa aoonatantinterehangeof ideaa, 
and eaeh art left ita mark on the enter aita }*eaeh 
atep forward in the one waa reflected by the 
othen, 

Tho Rnnninnniion Hoiann. In arohl* 
teotmn, the ideal form of the private dwelling 
waa the nrealeat aohievement of the Renanaanoe, 
and of Fibppo finmelieaoy (Ifl77 to I4fi6) lie 
ereator. The Gothic home waa a kind of 
miidatiire fortreaa, with a narrow, high atreet 


M the nobleet inatanoea of the Kenaimanoo 
Pklaoe, not only in Florence, but in the whole 
world. In Veniee, the Palnxxt) Vendramin, 
graoefnl in form ajMi resplendent in ookmi^ 
marble eaejag, shows the adaptation of Venetian 
daoonfive devieea to the style bora in Florence , 
whilat, if we turn from secular to ecoleMaatk^ 
arohiteotore, in the facade of the Certoaa di 
Fhvia, bcfnn in U78 by Ambroglo Botgognonr, 
with Ra waa ilh of marble inoniatatlon, reJiali, 
nfai haa, atalnaa and medalliona, the digni^ of 
the style hae given way to playful exuberanoe. 

ChuPohM. The great Gathedral of 
Fhxenee, which had undmone many modlfloa- 
tlona in the two oentunea ofita building, reoelved 
its impoeing cupola by Brunelleaohi, who thus 
solved a problem which had baulked the efiorta 
of all hia predeoeasora : but in apite of thia 
dome It remaina in ita eaaential features a 
Qothk) building. The churehea of 8. Lorenao 
and ti Hpirito, and the graceful Paaai Ohafiel, 
are the three moat important HenaiaaaBoe 
ehurohea built by this maater. Alberti, the 
deaigner of the fa^^ade of 8 Maria Novella, In 
Horanoe, andihe mventor of tho volutea maaking 
on the exterior the Junotion of Uie nave and 
the lower aialea, went further than Brunelleabhi 


front, aa lew apeituiea aa poaaible, and narrow, 
ineg!^ paaaagea, rooma, and windim ataira. 
With the growing wealth and luxury of IWenoe, 
and increoaed aeourity of life, a new type of 
bniJdiBg had to be evolved, a palace that anould 
expram the new oondHaona, the wealth and 
power and taate of the mecehant vrineea who 
ruled the city. Spablouaoeaa, eonmi, air and 
light weih tne primary oonridarnliane whksh 
Ira to the adoption of a wide aRwet frant, oleerily 
aftacukted but not over^decoimled, n maioiona 
gromid plan with only few atonra ami aaftea 
of fetye well-figbted rooms. Tie hemny of 
the iagade fa baaed on noble pro pnrt kma, on 
tlm fOMon of tlw mnaaive ^ rnatiea *' amaonry--- 
oompoaad of tou|^>liewn Uorita M/hed ofi 
only at the }Qfaita*-4o the efinfiow maaijegi, 
whUk are Imaari^ dividad by rahw ma or 
anilioaa, and Urn elaarie oQtniee 0^ 

Tim moat aMdw laatnre of ti^ 
palaea la lha n a g d a o n m inner oonrt au r roa o de d 
ay ribnfiar I na, which are aomatireaa 

wnaitila two tftn. Tb, eharat ^ fhe iMMie 

Bm of >1^ ^ 

wMttim mm mm rcmMf hmm m mtmy , 

m vm 

PmIim, aad 
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in hia adherenoe to the eUmio orders ; he lacked 
the other maater'a inventive genioa and aenac 
of el ega n t proportaona, and tSkd to maka all 
ardiiteotural forma flt in with hia favourite 
tbaoriea. 

In the sixteenth oentury the powerful ami 
flherel patronage of the Popes attracted the* 
leading artiala Si the whole ca Italy, and madt^ 
Roam the oentre of artistic activity. Here, on 
ciaaaie aoii, arehitaota were enabira to study 
t^ raina of antiquity and to formulate their 
knowfadga into a aciratJAo system. True enough, 
the riaaaie loram continuea to be a mere outer 
gmnmt which dkdhed the buildmgs that were 
adapted to aaodern requirementa, but tbra were 
analM with batter underatandliig of their 
fhnethma, with Incraeaed aoreness and purity, 
lb the paiaces the atoreya were clearly dividra 
1^ eormoea, the windowa framad by pflaatars 
and raireomrt a d Iqr triangular or curved pedi* 
nmnta of pur^ eUmic peajujrtkm, Aa rogania 
the use of the **opden, the aupenmjraaed 
storeys lad the eye from the heavier iJorfe, 
through Ionic, to the gmeeful Oorinthiaa. 
In enmh areUtiwtiiire the nIAty dome, in 
eoginiictkMi with a bareri-vanltM nave, became 
the fin^ crtaMkhed ^ype of the later Re* 




ilnaw mf tire Rnnnfannmnn# Bra^t 

who hii left mtieh of hie maty work 
erennd Mfimii, flayed in Ronm the same 
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r tikttt Bnmellatoiii htd ^ytd in. Floram. 

i» liie initiator of tlio Miooiid pariod* tlie 
lirtt of Uio many bidklefs idio hohiod in the 
ereotion cH St. Peler'a* and the arehitect of the 
beaottf ol Cteoelleria fsn and Qmad Palaoee. The 
mat Bapliael^a chM bnildmg is the PalauEO 
Pandolfini, in FUxrsnoe, wheie the altematiog 
triangttiar and seinioir> 
ottlar pediments over the 
windm are mtroduoed 
for the first time. 

Antonio da Bangallo, the 
builder of the Famese 
Palace in Borne ; Bal- 
dassare Peruzzi, the scene 
of whose captivity was 
Siena; Qiulio Romano, 
who worked in Mantua ; 

Sansovino, the desiffner 
of the libnunr of S. 

Marco and of the Zeooa. 
or Mint, in Venice, are 
among the leadiim mas- 
ters of the late Renais- 
sance which culminated 
in the work of Michel- 
angelo. In his striving 
fnr a orand genera] effect, without much concern 
with ctotail, he introduced the germ of the lawless- 
ness which set in after his dMth and led to the 
exaggerated forms of the Baroque style. The 
gigantic cupola of St. Peterk in Rome [66], and 
Uie Medici Chapel in Florence are his most 
famous architectural works. 

In sculpture, as in architec- 
ture, Florence was the centre of the early 
Renidssanoet but chronologioally a Sienese 
mgilar, JiKiopo della Quercia, stands between 
the Qothic Oroania and the first great sculptor 
of the new epoch, Ghi- 
berti. Thougn in many 
ways still addicted to 
Gothic mannerisms, 

Jacopo it, in hia bold- 
neas of vision and 
vigorous treatment of 
the human form, a true 
child of the Renidssance, 
and stands nearer to 
MkMaageki than any 
of the intervening Flo- 
rentines. Ghiberti's 
greatest work is the 
gates of the Bratisteiy 
in florenoe [filffl, of 
wSdoh llieMange^ said 
thet thqy were worthy 
to be the galea of Para- 
dkm In eompadlag 
Ihfm with Andrea 
PiMtto's, one is iasmedialely struck by the 
inuBitahle sense of beai^ ihai pervades the 
later aitial'l wcnk; the exmdaile^^ whloh 
the flpidsmith'a ItaMm ; the wonderful 
mu^ of the figuM in feeediiig phmea, and 
irf eomilioiidiim 

asont, from the taepound figura, whkh stand 
forth in their iu> jownhMm^ to those in the far 



barfeground, whirfi are indicated b^ scarce^ 
more than a lew lines. In fact, Ghiberti was 
the first senlpUnr who made use of In^ per- 
spective in relief work, and bk work is almost 
pictorial in character. 

Omntnat 8oisl|rfnr of tbo ]loiinleonnco« 

Donatello is acknowledged to be the greatest, as 
he was the most produc- 
tive, sculptor of the 
Renaissance. He lacked, 
perhaps, the pure sense 
of bfouty of Ghiberti, 
but there is in his work 
something greater than 
formal beauty — the 
beauty of character, 
which renders the very 
harshnesR fascinating. 
Everything he wrought, 
in marble or m bronze, 
is full of expression and 
life, character and move- 
ment. [See 26, page 
1511.] And his leaning 
towai^ extreme realism 
was tempered his 
knowledge and love of 
the antique. He worked from me living model, 

tuif Ilia 4k.. 
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fttA], the first nude bronze oi modem ♦iwvon 
lliere is nothing less than classic beauty in the 
graceful, well-balanced attitude and the well- 
shaped legs, whilst the thin, angular arms aie 
copied from the living model. Aim yet Uie figuie 
is quite homogeneous ; it has the thnll of life, and 
in its vfHT deviations from the classic ideal 
conveys the idea of the immature shei^etd 
youth and giant-xilW. 
And DonateHo ap- 
proached every success- 
sive task m the same 
objective spirit, dealt 
with each on its own 
merits, infused puking, 
throbbing life intoo^ 
•tone or bronze. Hk 
Gattamelata," in 
Phdiia [66S]. k the first 
equestrian statue since 
classic times, and has 
never been aurpasssed in 
impressiveness mid 
dimty save tgr Verroo- 
eWe's *'Oolleoni" fSl, 
page 1674] in Vanioe. 
^ 6iF.] 

The tbim great master 
aeulpto of die early Re- 
nak m nee wua Lnoa deUa Robbia, the founder of 
a udmfe 4yiiaa^ of woilm in glased 
and at the aauw time erne rf the leading aou^tam 


lamarble, OfaRtheeaclyRcna 


I tim onn dial oMm oMiuatto 
spirit oi eulm anunhy, though in subjeot muMer 

im was tadim Im the antt^ tlmn an id hk 

• Molher^ bm and ' 






•nd liAppinfiis were liii favourite themee, and 
liave piHMpe never found more beautiful expree- 
•ion in plaetic art. Of hk marble works the moat 
famoua k the aingins gaUery» in Florence [60Z)]. 

Donatello waa followed cy a whole school of 
great marble workers whe devoted themselvea 
mikfly to tomb monnmente and portraiture. 
The tomb of the period waa generally conorived 
in the form of a recumbent figure of the dead on 
a aaroophagua in a niche, the architectural 
aetting being in perfect harmony with the purehr 
aottlptured part* and nohly decorated. Desi- 
derio da SetUgnano, Mmo da Fieeole, Roeaellmo, 
Benedetto da Majano* and Pdttajuolo moat be 
mentioned among the leading masters of the 
fifteenth century. Verrocohm* who excelled 
in bronae work* end k the creator of the 
worid*a greateet equeetrien atatue— the Colleoni 
monument in Venice— haa left comparatively 
few worka* but exercked an enormoua influence 
aa a leachar. Leonardo de Vinci waa one of hia 
popila* and the fintt auggeatkm of the enigmadc 
of laoe, whioh k always asaooiatea with 
Leonardo'a work, can be found in Venwoohio'a 
bronae David at the Bargello* in Florenoe. 

liichwInBgnln^ Sixteenth oentuiyaoulptore 
k ovcrtoweied by the ml|^ty geniua of Miohei- 
aniplo, whoae woric k m embodiment of the 
higiiiat i deak of the late Benakaanee. To the 
olois ol hk earliar period belon^i hk ooloseal 
** David;* thact wond^ fimue of a youthful 
wstt-proporthmed giant* which the master 
dMM out of a spoilt hkmk of marble. 

In hk later work Mldbelaiigilo to a certain 
entcnt broke away from the Coeek ideal* a§ he 
hid broken away from everything that had 
before hka, to find an adequate evrireminii 
hk p aa ekm a te spirit Aa a poet mr the 
•ake of eesfiluMk k allowad to^taM the 
naknal proport i on of iqweeh* so IColiMMigelo 
In aou^ihure departad frees strict trvth to 
niknoi ftTaggerering certain actkma or maaoks 


or limbs, for the sake of accent and increased 
impreaatvmeaB. At the same time he knew, 
like no other master, how to vary the texture of 
the surface to secure the deairea effects of light 
and shade. The tombs of Lorenso [6gg and 
Giuliano de Medici, with the attendent fijgures 
of Night and Day,** ** Dawn sad Twilight,*' 
mark the hei^t of hk achievement. 

Between the early Renaissance and Michel- 
angeb stands Andrea Sansovino, the creator 
of the Cardinal Sforsa tomb at 8. Maria del 
Popolo, m Rome, a monument which shows 
Andrea's complete maetery of cloaric forms, 
though the sarcophagus with the recumbent figurt^ 
la overwhelmed by the architectural aetting arid 
Bttbaidiary figures. His pupil, Jacopo Sansovmo, 
has left many beautiful works in Venice. Of 
the other masters of the period only Giovennt 
da Bologna and Benvenuto Cellini did not 
succumb to the influence of Michelangelo, 
whioh proved baneful to all otiiera who succeeded 
him, and contented thenmelves with turning hk 
style into mannerism by absurd exaggeration of 
distorted pcoportiona. Baooio BancuMlU k the 
typioal aoulptor of thk period of decline. 

Giovanni da Bologna's bronae '^Maccufy*" 
with its fine exnreaakm of swift upward move- 
ment and ita brilliant adiqitation of the modelling 
to the material, k the work by whioh thk master 
wiO be beet rememberod, whikt Beavanuti> 
OeUini, the eoulptor gokkmiUi, whose chief fault 
was that he treated monumental aoulpnno in 
the^piiit of the gokkmith* and hk goldsmith 
work in that of the aoidptor, has left the worid 
the famous **FecBeiia** in the Loopa de’ Lnuu, 
in Flocenoe. 

Aapeekt bnmeh of eon^v^uie, whidk reeiriied ita 
hkheet developaMnt in the eaihr days of the 
Rinakaaima.k theart of the meanllkt Vktoee 
Pkano, who fiosmuihod in Northant Italy in 
filteenlh oentnry* waa the fiiet great 
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IteMMMiifMe imemikm gpod^me on giifmm en t 
imm4. If fie Mto •• igent for 4 mamber of 
mmliiati. or has many o orot^ amaota from 
one metoliaat, he keeps a sjpedal bo<^ in which 
he feoords paitloiilats of all goods so xeoeired. 
This mord will usnalltr he Bierely a memoraB' 
diuB, and no entry wifi he made in a hook of 
aoeonnt upon the leodipt of the consignment. 
The reason for this is thatthejgpoodsdonot* onthe 
one hand* belong to the consignee, and therefore 
cannot he debitM to the|;oods account ; while, on 
the other, the consignor » not his creditor for the 
Table of the goods, since the consignee has not 
bought them and is not liable for Uie price. 
He is only responsible for their safe custody 
and for the proceeds if he effects a sale. If he 
is not successful in this he can return the goods. 
As a rule, then, no account is opened by a con- 
signee when he reoeivos goods on consignment, 
hut as soon as he pays anting or incurs any 
liability in respect of it he records the fact 
In his account books. He does this by opening 
an account in his ledger in the name of the con- 
signor (not a oonnignment account, but a per- 
smial account), and debits the amount paid or 
tile liability incurred. The reaaon for this is that 
the amount is due from a delinite person, and 
he naturally debits that person and not an 
impersonal account. At the same time, he 
orrats cash or the person to whom the amount 
iadue. 

When a sale is effected the consignee debilK 
the iperson to whom the goods have been sold 
and credits the consignor, because the amount 
then becomes due to the latter, subiect to the 
payments or charges which may have been 
m ade on his account. The consignee then cal- 
culates his commission and debits the amount 
to the oonstaor, who, of oourse, is liable to pay 
it. The balance on the consignor's account 
will then represent the amount due to him, since 


he has hesn debited on one aide iHtb all pay* 
mants made or enpenma incurred on bis behiuf 
and with the agreed commissioti, whUe he has 
been credited, on the other side, with the gross 
proceeds of the goods. The consignee then 
remits the balance due, usually bjr a bill of 
ezohaiige, and the method by which he does 
so is exphuned later. When the purchaser of 
the goow pays for them, cash is, of eonme, 
debilM and the payer credited. This will close 
the transaction in the consignee’s books. 

For the purpose of making the ooune and 
result of the operations clear to the mind of 
the student, a series of transactions will be dealt 
with and the ledger aocounts shown in the 
books of both the consignor and the consi^pee. 
W. Brown, of London, ships to J. Bonhomme, 
of Bordeaux, ten halm of 400 yards each of 
cotton goods at 8 d. per yd. and pays £15 lot 
freight, £2 13s. 4d. for insurance, and £6 5s. 3d. 
for callage and misoeilaneous ohaiges. Bon- 
homme receives the goods, and pays £3 for 
storaae, £1 for insurance, £10 for Customs duties 
and finding charm, and £3 for misoellaneouH 
expenses. He seUs four bales at Is. per yd., 
and the other. six at Is. 0|d. per 3 ^ His 
commission is 2 ( per cent, on the prooeeds. 
Bonhomme's payments and transactions, taking 
place in Borcleaux, will naturally be in French 
currency, but for the sake of simplicity they 
are given in the accounts in sterlinff. 

They are, however, for the miidance of the 
student shown in the account saJes on the next 
page in French currency just m they would 
appear in the statement as rendered W Bon- 
homme It will be observed that the imlanoe 
shown by account sales to be due to W. Brown 
IS stated therein both in French currency and in 
its British equivalent 

The following would be the accounts in the 
two ledgers : 



W. BROWirS LEDGER 



Hr. 

Cunst|n>R>ent to Bonhomme, Bordesux 

Or. 


To Good. ! 1S3 « 8 

„ Gsttli, Oartsge, etc. . . > 6 5 3 

,« Insumnoe 8 13 4 

»* „ Freight.. 1 15 0 0 

„ Net Profit troneferrrd U* 

Profit and Lone Aooouni | 25 18 3 

|fl88 17 6 

jjjjjj 

Bv Bill reciei%'«ble for not 


m 

proueedB as yier Aooount 
Baltw 

• 

1S8 17 S 

SIS2 17 • 


1 J. BOKHOMHS'S LEDGER | 



Ak of W. Brown 


Or. 

I 

To Cash, Du tka 4 Landing 
„ „ Storafe . • 

„ lammuioe 

„ M HisoellaiMoiis .. 

„ OommMm % 

„ Bill psyahla Ibr bal- 
aasa as par Aeooiait 

10 0 0 

S 0 0 

1 0 0 

3 0 0 

5 t 0 

lit 17 0 

1 

ByF.lfartini^ibakaSU. 

0 bales 41 
la. Old. ,1 

•0 « • 

m 9 9 
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VoMlfB IW wQfdi le* 

iKtiiy to tho poyttMnt of the boknte due to the 
ooOiigiior* M ihoini on Uie aooount take, bringi 
us to the geneiml queetioii of the foceim ex* 
dianges. Ihe ooni%Dee, being a FVendunan, 
natondly keepe hk books in the currency of 
his own country, and lenders accounts to his 
English consignor in the same way, merelv 
remitting the ultimate balance due in English 
money. We haee now to inquire how he does 
this, and how he arrives at £182 17s. 6d. as being 
a fair equivalent of 4,606 fr. 45 c. He could, 
no doubt, have purchMcd Englisli gold and 
silver coins to the amount he hM to remit, but 
obviously this would be a clumsy and costly 
method of discharging the liability, and is no 
more adopted in practice between foreign 
countries and England than it is between two 
towns in the same country. 

Hie remittance, as stated in the account sales, 
is made by a bill of exchange, and the bill is ob« 
tained by the consignee finding somebody in Bor- 
deaux who has a debt due to nim from a pen^ 
in England and nurchasing the right to receive 
payment of such oebt. Let us take a simple illus- 


vahie of fVenoh aMmey as oompaiod with 
Snghdt is measured by the BO^Iraiie pieoe» 
which is of gold. The fineness of this coin— 4,c., 
the proportion of pure gold in It, is nine parts 
out of ten. There is thus a small differenoe hi 
favour of the English currency in the proportioii 
of mire gold in the coins of the two oountriss ; 
ana altho^h it is trifling in one coin it Iwcomes 
of great importance when large amounts are 
invmved, and has to be taken into account 
when stating the quantity of French coins 
which are required to make up the value of the 
English soverei^. 

A further point which has to be taken into 
consideration in fixing Uie relative values is 
the difference in the weight of tlio sovereign 
and of the 20 -franc pu^. Tlie sovereign 
weighs 123*27 gr., the 2()-franc piece 00*50 gr. 
Obviously, then, we shall require more than 
20 francs for one sovereign, and after taking 
both weight and fineness into consideration, 
it is found that the English ix>und is egwl 
to 25*2215 francs, or, roughly, S25fr. 22 o. This 
is known as the par of exchange between Vnnoa 
and England, and is the basis upon which 


AOCOUMT BALES OF 10 BALES OF COTTON SOLO FOR AOOOUNT OF W. BROWN, OP LONDON 


4 > 


1 

P«r .\*d 

Fr. 

a 

Fr. 

B 

1-10 

4 

BsIm 1,600 yards ^ •• •• •• •• •• •• 

1.26 



2,016 

B 


S 

.. 2,400 ,. 

1.311 



3,150 

B 







5,166 
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Chistorna Dutu's and LMiuiiiifr (/liargm •• •• •• .. 


S62 






Htnrasfv • • • • • , • . 


75 

60 





Inauranoc . . . , . . • • 


25 

20 





MuiortllaticouM . . » * • • • • . • • • . . 


75 

60 





1 (/ommuMicn •• •• •• •• •• •• 

1 


15 

557 

65 






1 4,606 

45 


Bordeaux, lut IfHtA 

.lt*aii lloiihomTur 

Bill lit 3 iiiotitliM li{*rei«illi (o ii(.\2u » £1H2 17 0 


tration to see how this is brought iiliout, and how 
the indebtednf MS of two persons to tao others, 
on perhaps many transac^tions, cun be Metth*d 
by one payment. A in Bordeaux buys goods 
from B in London, while C in London buys goods 
from D in Bordeaux. Wo aiU assume that 
the amount is the same in both cases. J> draws 
a bill upon C for the amount th<» latter owes 
him. A lx»oomes aware of this and buys the 
bill from D for its fair equivalent in French 
money. Having obtained the bill he sends 
it to B in London, who presents it to i\ and in 
due course receives payment from him. 

Par of Eachaago* Wo now' come to 
the question of what is a fair amount in Fn*nch 
mon^ to pay for a given amount of English 
money. To obtain the answer we must Imow 
the state of the cumney of each country, what 
in its standard coin aim of what metal it is 
composed. In England, of course, the stsndaid 
coin is the gold sovereign. It contains a certain 
qnantily J alloy lor hardening purposes, the 
pioportioa of pmo gold in the sovereign bemg 
okrai paxta ia tsedva. lin Friwoe the standard 
eoia ia tfaa franc, tat aa this m a silver coin the 


settlements of account bctwt^<n the two countries 
take place. 

But although it is the liasis, there an* many 
considerations which help to raise or Uiwer 
the rate. Owing to the very considerabk* trade 
between England and Franc»e, lh«»re arc always 
thousands ol debts outstanding Isitweim ,lie 
traders in the two ootintries whkh have to be 
settled in some way. lliis mutual indelHedness 
is made the means of sntisfying the claims on 
both sides without any coin passing to and fro. 
Of course, it happens that gold is imported 
from or cxportecl to France aa well an other 
countriea, Imt the quantity licars no relation 
to the volume of trade U^tweem those countries 
and England. Tliere lic*irig, thus, many fieople 
in EngUmd indebted to otluMrs in Fran(*e, while 
there are people in France indebted to others 
in Englano, it is clear that if a trajisfd* of the 
debts could be arranged so that the English 
debtors could pay the English creditors, while 
the French liabilities were discharged in a 
similar manner, an immense saving of trouble 
and expense would be brought about, while the 
claims on both skies would be satisfiedL This 
G 3661 







tte MMiiign 60 tmiilbe gpodBt^canngmmaU 
immrd. If w mU m ^ * munlMr of 

nuidiMilff or hai numy ooiMifgnmmtt from 
one mmhMit, lie keeps e tDeeiei liook in wluoh 
ke records periioiilm of mi goods so received 
This record will nsoslhr be merely o memorMi' 
dnm^ sad no entry wm be mode in o book of 
ocoonnt upon the receipt of the consignment, 
liieresson for this is that the goods do not, on the 
one hand, belong to the consignee, and tber^ore 
osimot be debitM to the goods account; while, on 
the other, the consignor w not his creditor for the 
vahio of the goods, since the consignee has not 
bought them and is not liable for the price 
He is only responsible for their safe custody 
and for the proceeds if he effects a sale. If ho 
is not successful in this he can return the goods. 
As a rule, then, no account is opened by a con- 
signee when he receives goods on consignment, 
but as soon as he pays anything or incurs any 
liability in respect of it ne records the fact 
in his account books. He does this by opening 
an account in his ledger in the name of the con- 
signor (not a conmgnment account, but a per- 
sonal account), and debits the amount paid or 
the liability incurred The reason for this is that 
the amount is due from a definite person, and 
he naturally debits that person and not an 
impersonal "account. At the same time, he 
credits cash or the person to whom the amount 
is due. 

When a sale is effected the consignee debits 
the person to whom the goods have been sold 
and credits the consignor, because the amount 
then becomes due to the latter, subieot to the 
payments or charges which may have been 
mm on his account. The consignee then cal- 
culates his oommission and debits the amount 
to the consignor, who, of course, is liable to pay 
H. The balance on the consignor's account 
will then represent the amount due to him, since 


he luw bMB ddMted od one tide wMt fU ^ 
menta made or m^Moses inciirred on his bs half 
and with the agreed commission, while ho has 
b^ credited* on the other side, with the gross 
proceeds of the goods. The consignee then 
remits the balance due, usually by a bill of 
exc^nge, and the method by which he docs 
so is explained later. When the purchaser of 
the goo2U pays for them, cash is, of course, 
debited and the payer credited. This will close 
the transaction in the consignee's bocto. 

For the purpose of maung the course and 
result of the oporatiomi clear to the mind of 
the student, a series of transaetions will be dealt 
with and the ledger accounts shown in the 
books of both the consignor and the consignee. 
W. Brown, of London, ships to J. Bonhomme, 
of Bordeaux, ten baiM of 400 yards eadi of 
cotton goods at 8d. per yd. and pays £15 foi 
freight, £2 ISs. 4d. for insuranoe, and £6 fis. 3d. 
for cartage and miscellaneous charges. Bon- 
homme receives the goods, and pays £8 for 
Btonw, £1 for insuranoe, £10 for Customs duties 
and Undmg charges, and £3 for misoellaneous 
expenses. He sens four bales at Is. per yd., 
and the other. six at Is. 0|d. per His 
commission is 2| per cent, on the proceeds. 
Bonhomme's payments and transactions, taking 
place in Bordeaux, will naturally be in French 
currency, but for the sake of simplicity they 
are given in the accounts in sterling. 

They are, however, for the guidance of the 
student shown in the account sales on the next 
page in French currency just as ihefv would 
appear m the statement as rendered W Bon- 
homme It will be observed that the Mlanoe 
shown by account sales to be due to W. Brown 
» stated therein both in French currency and in 
its British equivalent 

The following would be the accounts in the 
two ledgers : 


1 W. BROWirS LEDOBR | 

Dr 

ConHigument to J. Bonhomtne, Bordeaux 

Or. 

ISOS 
July 1 

3 

8opt.ao 

To Ooodi 

,. Oasli, Oaitago, etc. . . 

„ , Insunuioo 
„ „ Freight.. 

„ Net Profit traiMlerrpd t4i 
Profit and Loss Aooount 

133 S S 

S S 3 

S 13 4 
IS 0 0 

36 IS 3 

L_ 

■ 

Bv Bill reoei\ablc for net 
gniooeda as per At*ooutit 

a 

182 17 • 


1 

1 




£1SS 17 6 


J. BOMHOlillE’B LBDORR | 



AA> of W. 

Brown 


Or. 

■ 

To Oash, Dutfes A Landing 
Storage • • 

„ Insurance 

„ „ Miscellaiieons .. 

OonuttMcn % 

„ BiU payable for bal- 
ance as per Aoooiint 

10 0 0 

3 0 0 

1 0 0 

3 0 0 

S f s 

ISfi 17 fi 

■ 

By F. Martini, 4 bales# la. 

S bates # 
la. Old. .. V .. 

so 0 0 

ISB 0 0 

H 



.lllllllilllll 




MW 











^VOICb IV* 

JftliQg to tho po^niMiit of the beknoe due to the 
ooneigiior, as shown on the aooount salm, bri^ 
ns to the jmaral question of the foieim ex* 
diangee. Die ooiungnee, being a BVenohman, 
natundly keeps his books in the cunenoy of 
his own country, Mid renders accounts to his 
English consignor in the same way, merely 
remitting the ultimate baUnoe due in English 
money. We have now to inquire how he does 
this, and how he arrives at £1G^ 178. 6d. as being 
a fair equivalent of 4,008 fr. 45 c. He could, 
no doubt, have purchased English gold and 
silver coins to the amount he hiw to remit, but 
obviously this would be a clumsy and costly 
method of discharging the liability, and is no 
more adopted in practice between foreign 
countries and England than it is between two 
towns in the same country. 

The remittance, as statM in the account sales, 
is m ad e by a bill of exchange, and the bill is ob* 
iained by the consignee finding somebody in Bor* 
deaux who has a debt due to him from a person 
in England and purchasing the right to receive 
payment of such debt. Let us take a simple illus- 


vahie of French money as oompaiad with 
Sn^sh is measured by the fK>«lrano piew^ 
which is of gold. The fineness of this coin--*#. e., 
the proportion of pore gold in it, is nine parte 
out of ten. There is thus a smaU diflMwnoe in 
favour of the English currency in the proportion 
of cure gold in the coins of the two countries ; 
and although it is trifting in one coin it bmxinies 
of great importance when large amounts am 
involved, and has to be taken into aooount 
when stating the quantity of French coins 
which are required to make up the value of the 
Enfflish sovereim. 

A further pomt which has to be taken into 
consideration in fixing the relative values is 
the difference in the weight of the sovereign 
and of the 20 -franc piece. The sovereign 
weighs 123*27 gr., the 20*frano piece 99*50 gr. 
Obviously, then, we shall require more than 
20 francs for one sovereign, and after taking 
both weight and fineness into consideration, 
it is found that the English jxiund is equal 
to 25*2215 francs, or, roughly, 26 fr. 22c. Tliis 
is known as the par of exchangr between France 
and England, and is tlie liasis upon which 
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tration to see how this is brought about, and how 
the indebtedness of two persons to two others, 
on perhaps many transac’tions. can lx* settled 
by one payment. A in Bordeaux buys goods 
from B in London, while C in London buys gcxxlH 
from D in Bordeaux. We will assume that 
the amount is the same in both eases I> draws 
a bill upon C for the amount the latter owes 
h^. A liecomes aware of this and buys the 
bill from D for its fair equivalent in Frpnc*h 
money. Having obtained the bill he si^nds 
it to B in London, who presents it to C\ and in 
due course receives payment from him. 

Par of Bjcchmngo. Wc now come to 
the question of what is a fair amount in French 
money to pay for a given amount of English 
money. To obtain the answer we must Imow 
the state of the currency of each country, what 
is its standard coin and of what metal it is 
composed. In Eigland, of oourse, the standa^ 
coitt is the gold sovereign. It contains a oertain 
quantity cl aOoy for hardening purposes, 
pvofNvrtion of pars gold in the sovereign being 
parts in twolva. In Fmnoe the standard 
ooin k the ima0» bat aa thk k a silver coin the 
« sr 


settlements of account betwex^n the tuo countries 
take place. 

But although it is the busts, there are many 
considerations which help to raise* or lower 
the rate. Owing Ui the very eonsidt^rabJe troiie 
between England and France, there are always 
thousands oi debts outstanding lx!itween tne 
traders in the two oo'iniries which have to Ixi 
settled in some way. This mutual indebtedness 
is mode the mfxms of satisfying tlic claims on 
both sicliw without any coin passing to and fro. 
Of oourse, it hap{>ens that gold is im|xirted 
^m or exportfxl to France os well as other 
countries, but the quantity bears no relation 
to the volume of trade betwexm those countries 
and England. There* lieing, thus, many people 
in England indebted to others in France, while 
t^rc are people in France indebted to others 
in Englaoa, it is clear that if a trajisfer of the 
debts could be arranged so that the English 
debtors could pay the English creditors, wliile 
the French liabilities were discharged in a 
similar manner, an immense saving of trouble 
and expense would be brotmhi about, wliile the 
claims on both sides would be satkflad. Thk 
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Foroigii Bills. For pcaotioal purpoBea 
ianiga hi\k of eaohaiigo aro treated as a com- 
modfty, and there Is a regular market in them 
aa an other artkslea of commeroe. The dealera 
in thia market are known aa tnU hrokerM, and 
they make it their bueinena to buy and sell 
biliii drawn on peraona in thia country by creditora 
in other oountriea, and tIoo Tersi. If, therefore, 
a fieraon in london deairea to aatisfy a *debt to 
another in Paris or Berlin, he approaches a Inll 
broker and ascertains the prioo he wiii have to 
pay for a bill for the amount he requires. The 
prmoipal bill brokem, bankers, and merchants 
meet twice a week at the Boyal Exchange and 
fix the ratea for billa on the various countries. 
The basis of the rate is. as stated above, the par 
of exchange ,* but there are many causes operat- 
ing to affect the market rate. The principal 
of these is the condition of trade between the 
two countries. If there is, on balance, a con- 
siderable indebtedness from England to another 
country, there will necessarily be a strong 
demand in London for bills payable in that 
country, and the prices of bills of exchange, 
like those of other commodities, are affected 
by the laws of supply and demand. The result 
will be that the English trader will have to 
pay a premium for the bill he requires, but the 
premium will be stated in such a way as to 
somewhat confuse the student in the absence 
of explanation. 

The par of exchange between London and 
Paris is, as stated above, 25 fr. 22 c. for £1. The 
rate is said to be above par in London when 
the exchange is ouoted below 25*22, the reason 
bcin|^ that m cxenange for a sovereign it will be 
possible to obtain only, say, 25 fr. 15 e., and thus, 
to discharge an indebtedness in French money 
a higher price than the actual mint value will 
have to be paid m English currency. 

Gold Points, But there are certain points 
above or below which the rates with other 
countries do not rise or fall. These are known 
as the gold poiiif«,'and indicate the rates at 
which it would be more profitable to import or 
export gold coin or bullion to disoham debts 
rather than buy bills at prices outside those 
Umita. The gold points depend upon the cost 
of transmitting the gold, plus insurance and 
other expenses, and the mara^, therefore, 
varies according to distance and other circum- 
atanoes. In the case of London and Fhris, the 
point at which it would pay to export gold to 
France is 25*12} — i.e., if it were found that the 
price of bills was 25 fr. lOe. a merehant could send 
bullion cheaper than he could obtain Inlb. The 
importing point is SMi fr. 33 o., so that a merchant 
hi Paris would send gold to England if bills on 
London were above that rate. Although these 
are theoretically the points of gold movements, 
it mMt not follow that gold would be trans- 
fstrea if the rates of exchange exceeded these 
Bmits, for the oost of transmission fluetnales 
^ ktly, and mii^t do so snffioientlly to prevent 
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oedm with legsid to fore^ biUs of 
differs frm that in the case of Inisnd bilk. Tm 
form of the biff is different, and, as a mk, the 
wmding k as foUows : 

Loitdok, Isf July, 1906. 
Exdutnge far Fea. 7,550. 

At three monthe after eight of Me 
fret of exchange (eecond and Mrd 
I unpaid) pay to the order of If. 
Jidee Perier eeven thoueand fm 
hundred and fifty francs and place 
eame to our account ae advieed. 

WnxiAMs, JxNxnrs A Co. 
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M, F. Chardenalt MareeilUe, 

Foreign bilk are drawn in the currency of the 
country of the drawee, and are prepared in sets 
of three. The three parts are in idcmtioal terms, 
except that each is expressed to be payable 
only in the event of the others beii^ unpaid. 
The chief reason for drawing the bilk in sets 
was originally with a view to their reaching 
their deBtinp.tion safely, and that k one reason 
why they are still so d^wn. Another reason k 
the lacilitv which the method affords for negoti- 
ating the bill. The drawer, a merchant carrying 
on business, say, in Bombay, draws on hk deotor 
in London, and sends over two parts of the bill for 
acceptance by different maik. He keeps the third, 
and u he finds subsequently that it would be of 
advantage to him to have cash immediately, 
he takes the bill to hk banker, and discounts it 
with him, endorsing it in the usual way. The 
banker then sends the endorsed part, which, of 
course, has not been accepted, to his agent in 
London, who obtains one of the other parts from 
the drawee duly accepted. The accepted and 
endorsed parts then form a complete bill, and 
will be eoUeotod when due. The drawee must be 
careful not to accept more than one part, for if 
he should do so, and both accepted parts got into 
the hands of holders for value, he would mkve to 
pay both. 

Frequently when a creditor in one oountry 
draws on hk debtor in another, he selk the 1^ 
as soon as it is drawn, and the name then inserted 
in the body of the bill as the payee k that of the 
person who buys it — ^generally a banker or biU 
broker. It will be perceived from this that foreign 
bilk are sold or diMounted ^ the drawers before 
they have been accepted. 'Aik k what aotoally 
takes place in many oases, and bilk j^uently 
pass tnroog^ several hands before th^ are 
presented to the drawee for aoceptanoe. 

Aeoaptnikce fbr Honour* In mder to 
guard against the risk of the drawee refusmg to 
accept w bill when it k presentad to him for 
that purpose, the drawer or any ambsementhokiiBr 
may write on the bill, ** In case of need with 
Bliw A Co.’* Thk means that in ease of the 
bill being disbononfed owing to its not bring 
aooepled by the drawee, the film named win 
aooej^ the w to nroteet ^ honour of the drawer 
or iubseqitent holder as the ease may be. Before 
they wiU do eo^ however, a tern hoi to be gone 



known m pniutmg fA« Ml. This odn- 
»Mi m the liUI beb^ formnUy praentod (or 
noeenUnoe by on officer known as a Notary 
Pubno, wbo afterwards makes a declaratioii in 
a sUt^ form that he has done so. When a bill 
is accepted in this way it is known as an eceepi- 
tmee for Komour, 

Ihe banker, or bill broker, who buys a bill 
from the drawer treats it as part of his stock- 
in-trade, and either holds it until maturity, 
or sells it before it is due to somebody wfio 
wishes to pay money in the place where the bill 
is myable. 

Pnynblw Altar Sight. It will be observed 
that the bill set out on last page directs pay- 
ment three months after eight. This mean** that 
the time mentioned in the bill will not begin 
to run until it has been accepted or sighted by 
the drawee. Foreim bills are frequently drawn 
after sight rather than after date, owing to the 
time which elapses before the dmwee receives 
them for acceptance. IVhen this is the case the 
bill is presented for acceptance as soon as possible 
after it is drawn, and the date it is accepted is 
included in the form of acceptance. 

To return to the transaction out of which this 
short explanation of the principles of foreign 
exchanges and bills arose. We know that the 
course M. Bonhomme would take would be to 


a Imign country will freqOMitly raewive tbs 
invoices of the goods they buy made out In 
the onrrency of the country. The indshled* 
ness will, of course, have to be discbaiged to tha 
full amount of the invoices. When invoiofis am 
received in this form it is neoessaiy for tim 
E nglish house to keep the account with the 
foreign merchant in both sterling and the foreign 
currency, the former in order to bring the trans- 
actions into line with the other accounts of the 
business, the latter to know exactlv how they 
stand with the creditor. The method adopted w 
to fix a rate of exchange at which all invoices 
received are converted into sterling, the amounts 
being shown side by side in the accounts. 
When remittances are made, drafts in the foreign 
currency are purchased at the rate of exchange 
of the day, ana the cost in sterling and the amount 
of the diwft are entered side by side on the debit 
side of the account. Finally, a draft is remitted 
for the difference shown by the currency columns, 
which will then exactly balance. This result w^ 
however, probably not be obtained in the 
sterling columns, owing to the varying rates at 
which the drafts have been purchased. The 
difference on this column is treated as a profit 
or loss on exchange, and is carried away to the 
profit and loss account. The account given on 
this page shows the working of this method. 
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buy from his banker in Bordeaux a bill on l^mdon The fixed rate pidopted m this instanee for 
for the amount he has to remit, the jtnee liemg converting the dollar into English money is AOd. 

(calculated at the rate of the day. Having ob dollar, and the invoict^H are jKiHU*d in lK>ih 

tained it, he sends it to Mr. Brown, who will currencies, as shown above KemittancoH of bank 

probably have to first obtam acceptance of it, drafts on Baltimore were made on riu sry Hih 

and then either hold it till it matures or else at and 31st, and on February 2Hth, tie* drafts lieing 

once discount it. purchased at different rates, as quoted in the 

BanH Units. Another method of making ar*count After making theste n^mittances, there 
remittances abroad is to purchase a bank draft, was a balance of 207 dollars due to the Amtu*ican 

which is an order by a banker upon an agent brm, the cost of a draft for which was £0.3 4s 2d. 

or a branch for the payment of a stated sum of The invoi(*cs having be<m converted at a different 
money to the person named in the draft. The rate from those at which the drafts were? pur- 

drafts can be made payable either at once or at chased, there is naturally a differenci* liet wesm 

a future time, but in practice they are nearly the sterling columns. This, as stated above, is 

always sight drafts — t.e., payable at sight or transferrea to the profit and loss account, and if 

on demand in just the same way as a cheque there are many accounts with such differences on 

They are lat^ely used when remittances of cash them, a special exchange a<*couni is opened, 

have to be made between countries. and the balance thereof transferred to the profit 

English houses which are doing a large and loss account at the periocbeal balancing of 
busiiieas with a manufacturer or merchant m the books. 
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iMok^ tend the hooke 
‘ out of the wey o! the 
ite Tnenge upwerda, lifts 
those liibokB whioh the pmoretioiis of the 
have allowed to remain in position. 
These hooki pull up the oorreepondi^ warp 
threads, and the shed designed is made. 

One needs little consideration to understand 
what a wonderful instrument the jacquard has 
placed in the designer's hands. By its means 
we can manipulate every individual thread m 
the warp in any way desired. The cards are 
pierced according to design, one perforation 
for every warp wead to bo called up. Some 
designs require as many as 20,000 cards. 

Tlko Tappet. Other methods of manipu- 
lating the warp have been devised. One of the 
earliest and simplest was the tappet motion, 
consisting of treadles, tappets, jack-levers, souare 
shafts, and half-moon levers The wheel* 
shaped tappets move on treadles, the ends 
of which are connected with 
the jack levers by long rods ; 
the jack-levers move the 
square shafts ex- 
tending across the 
loom, and set m 
motion the half- 
moon levers, which, 
bemg connected by 
cords with the 
healds, perform ^e 
shedduiff motion. Fabrics such 
as doe&ins, cotton shirtings, 
and twills, requiring from four 
to eight healds, can be woven 
very well by tappets. 

The Dobby. Another 
shedding machine worthy of 
note IS that known as the 
dobby. The numerous forms 
of this conlrivanco which have 
been brought into use render 
detailed dracription of anyone 
almost nec^dlosH But the prin- 
ciple is general. A senes of 
pegs act on a set of blades, 
wmeh perform the same office 
for the pairs of levers controlling the healds from 
above and below as the needles of the jac(|aard 
to the wires. When the jieg puts a lever out of 
position, the heald is depn^ssed ; when the blade 
remai^ in position, the heald is elevated, and 
with it, of course, the warp it controls. A modi- 
fication of the dobby is seen in the velveteen 
loom [171], 

Tbw Rwed. Though nothing more than a 
aeries of fist wires set under the slay, the reod 
is not a simple instrument. In the plam loom 
we have no more to do than put two or three 
or more threads from the healds through lietween 
each pair of reod wires, or m each dttU, as the 
opening between the wires are named. But the 
moment we begin to depart from the plainest of 
plain cloth our troublm with the tied hemn. 
Take two twills for example. Say one flushes 
two ends and two pKfin alternately, and the other 
fludim three pk]» and three If both were 


reeded the same, the former would be too thin, 
or the latter would be too thiok. Reeds vary in 
closeness, some having 10 and others as many as 
16 dents to the inch. Thiokaess of thread akm 
has to be considered in reeding. All this is a 
matter of oaloulation, however, easily arrived at 
by arithmetic. 

Brnrohing for wajrs of carrying out novel 
deaijgns, the desmer has hit on a method of 
utilumg the reed in the formation of crinkled 
cloths. Behind the reed, and timed to act at the 
moment when the reed is bemg thrown back, a 
series of little nippers comes up and grips on to a 
range of warp threads just for an instant, holding 
them back while ihcir fellows go forward, thus 
putting a senes of drawn threads through the 
fabric. Other small services are imposed on the 
reed, but these are of minor value. 

Loose Roods. Should the shuttle by any 
accident be turned from its course, snd tangle 
in the warp, the commg of the reed will smiuh 
It through the warp and cause 
damsge. To miard i 
danger there bsve I 
_ kinds 


against this 
b^ several 
of loose reed in- 
vented. The best is the 
simplest. Instead of fixing 
the reed solid in the slay, 
the lower side is held bv 
a spring clasp, which 
tightens at the moment of 
the stroke of the slay just 
sufficient to give the stroke, 
and slackens so as to offer the 
IcMist resistance possible to the 
shuttle at any other time. For 
heavy goods, however, the 
ordmary fixed reed is best; 
for light cloths the loose reed 
works very well. 

Shuttlaa. Numerous at- 
tempts have been made to 
improve on the common fly- 
shuttle, but the form has, in 
the mam, kept unchanged. It 
IS true that the stiff wooden 
pim, uith Its H<rew, has given 
plac e to the weft cop, with the 
c onsequent alteration m the method of secunng 
it m the shuttle Home shuttles have a spring ho, 
others let the weft out from the centre of the 
cop ; but most have merely a peg at the end, 
where the screw-pm used to be. The chief 
property of a shuttle is that it will let the weft 
come away easily and fly straight. In these 
essential qualities the old form of shuttle excels 
all others. 

Rhuttlw-boscws. When the power loom 
cadie into general use, the first demand was for 
a shuttle-ltox which would change the shuttles 
automatically. Without the ability to change the 
shuttles swiftly, vari-coloured weaving was an 
imposHibility. Kay the younger had already 
shown tbe way with his springmg change shuttle 
box, and subsequent inventors took the hint. 
Now we have two systems, or methods, for 
changing the shuttles. The one is by what are 
callea rmng bojees, the other is the circular box, 

dm 
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tmmrmtkci iqwlni^ sdjvtliibbtotlieYB^iiifemd&t 
m tli6 deiign, tbe dmttlft-bozoi iit one mhore little more tluyii tbe i 
tlie other, end ofaeage pkoee wHh mervellotui 
fopidit^. Beloieb^giniilngtoireftYe, thdfdanof 
the rieing boxes Is erraa^ on the jeequaid 
principle, so that eaoh shuttle comes up in tom, as 
needea by the pattern. On fancy cloth and gauxe 
looms, the six boxes are placed at both ends of the 
lay, tbel2shtttUes affording special opportunity 
lor fine weft effects. Circular snuttle-boxes move 
with less noise, and possess other points of merit. 

The riiuttie*boxes are fixed round a centre, the 
revolving motion being conveyed through levers 
and cams acted on by the motions of &e loom. 

When first introduced the circular boxes could 
be moved in one direction only, and in direct 
succession. By a rearrangement of the gearing 
we have been enabled 
to turn the boxes m 
either direction and in 
any order which may be 
desired. Suppose, for 
examine, we have a 
six - shuttle 
circular box 
with three 
levers pro- 
vided with 
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forward and backward catches, each actuated 
by a cam of different size, so as to make the 
box turn one-sixth, one-third, or onc-half of a 
revolution, we have the power to make the 
shuttles come up m any order we please. Tiie 
rest of the mechanism is too intricate to he 
shown at present. 

Lnttlag Off and TnHIng On. We have 
now come to the extremities of the loom—the 
warp and the web beams. The relations between 
the two are very intimate, though they are as hu* 
apart as possiue. The warp most ^ let off in 
such measure as the taking up of the cloth 
beam requires. Not only so, but it should keep 
the warp even and tension uniform. In thev 
mutual relation, the cloth beam is the active 
sad tbe warp beam the passive agent It k the 


lonaer which draws, Tim latter, tbsesfose, needs 
of hold^ badt, ^As 
a role, the warp beam is weighted, the weight 
being proportioned to the ebaiuoter of the cloth 
and various other circumstances whjoh can hardly 
be defined in any theoretic way. 

Cloth Beam, The management of the 
cloth beam is notso simple ; it must be regulated 
in a stringent fashion. Consider how many 
different variations the cloth beam has to meet. 
We may want to spread the weft over a wide 
surface, varying the number of picks to the inch 
by 20 or more. Or it may be that the cloth is to 
be heavy with weft. Then the weft may be thin or 
thick, single or double. For every variation the 
cloth beam must have a certain rate of move- 
ment. This movement is derived from the action 
of the loom, and the rate is deter- 
mined by a train of wheels which 
may be changed eiriier in the 
direction of increase or decrease of 
speed. Two methods are used. 
The one is called the poeiHve and 
the other the non-paniive motion. 
One is direct ana the other in- 
direct. In the latter a lever with 
apawl, and weighted, is driven for- 
ward with the motion of the slay, 
so that the pawl, or catch, pushes 
round the toothed* 
wheel on the end 
of the cloth beam. 
According as the 
weight is light or 
heavy, the cloth 
beam yields less or 
more to the action 
of the slay. Here 
the thickness of the 
thread will have a 
strong influence on 
the movement of 
the cloth beam, be- 
cause, the thicker 
the thread the 
harder the dnve. In 
weaving woollens, 
or cloths in which 
the thickness of the 
weft threads vary, 
the non -positive moUmi is distinctly advan- 
tageous. For cloths in which the yams are 
regular, the j^itive motion is to be preferred. 
The non-positive motion is merely a matter of 
sdjustiDg the weight of the lever by arough guess 
or the skiil bom of experience ; the positive 
motion can be regulated according to scientific 
calculation. As we have said, the positive motion 
is carried through a train of wheA. The first of 
the train takes its motioii horn the loom, and 
the others are moved by it. ' H we vaiy tbe 
number of teeth on the wheels uHhieh are driven, 
we obtain a difference in the rate of speed. The 
value of each wheel is meaeured by the numbee 
of tee^ ip the oireomiBn»ce; hy oominniiig 
theee vahiee we get the speed at w^di the last 
wheel or the eMh beam is beiag ^ven. 





By JOSEPH 

"FHE teniiB fitting^ erecting!, and oeseMUng de« 
* note diatinot departmenta of shop practice 
which follow the operations of the tumeiy and 
machine shop. In each the individual parts are 
built up into the relations which th^ have to 
occupy permanently. Fitting signifies the bring- 
ing to|»ther of certain sections ^y» as the parts 
of a c^inder, or the link motions, or the connect- 
ing tod ends, or a set of gears, etc., which have 
altorwards to be built into the complete ensme or 
machine. Erecting and assembling both denote 
the latter operations — the final completion of a 
piece of mechanism all ready for service. But 
there is a most important distinction between the 
two. £rectm|( signifies the building up by means 
of mutual adjustments of connections by hlmg, 
scraping, reamering, bv methods of tml and 
tentative settmgs. Assemblmg denotes the 
bringing together of puls without any corrections 
or adjustments, similu machined pieces being 
taken at random, and fitting at once into their 
place in any similar machine, being character- 
istic of the mterchangeable system already 
alluded to in our study of the turnery and 
machine shop. These two methods have little 
m common Erecting is the older system, still 
unavoidable in massive constructions ; assemblmg 
IS the modem. The tendency is to the substitution 
of this latter system for the older in the manu- 
facture of articles of small and medium dimen- 
sions. The economies secured thereby are enor- 
mous The system is indissolubly associated in ith 
that of gauging, and, therefore, methods of 
measurement are an essential featun* of it — 
gauging involving absolute dimensions as dis- 
tin|;uished from measurements uivolvmg mutual 
fitting and correction. 

Fitting. Narrowed down to its strict mean- 
ing, this signifies the making of mutual conuct 
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between parte the nature of which contact 
vexies. It may be that of plane or of curved 
•orlaoeiL Fitting alio may be tight or free. It 
nay, further, be something very exact to dimen- 


HORNER 

sions or approximate only, fine fitting or ooarse, 
and that of soft or of luumned surfaces. In the 
construction of mechanisms there is a wide field 
for all grades of workmanship. 

Chipping nikd Filing, In the older prac- 
tice, chipping occupied a much li^er place than 
it does in the present. It is a roughing down opera- 
tion preliminary to lilingf and is accomplished 


•'1 r "- 
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by cutting small chips by hammer blows direoted 
on the hoM of the crilcf chisel. The chisel Is doubly 
bevelled, and is made m different wkiUis, ranging 
from m. in the ctom cut, to } in., or 1 in., in the 
surfacing chisel. The outs are generally made to 
cross each other at various angles. If a large 
surface has to lie done, the cross out is used to 
form a series of grooves, leaving mterm<*diab^ 
spaces to be dealt with more easily by the bros4 
chis(*l than if the whole of the work were domt 
Iw this tool, ('hipping must never be domi 
ckisely towards an edge, as it might caAso the 
metal to break out, but away from it, or in a 
diagonal direction The portable machine Usds 
have taken much of this work, bis^aums when 
pu’cm are too massive to Iw taken to a machine, 
the jxiriable tools arc fixed to the work. This 
docs not cover the case of repairs, jobs done 
«-• away from the workshop, and therefore 
J a fitter must be able to ohi)> when the 
rh mx*<siHitv arises. 

. IJ Rough filing follows chipping. 

^ 1 I \ Either the c'oarsc, rough ( ut, or 

' ^ IrlT^ (•) bastard files are used first, 

■ IJ y followed by the fine or smooth 

mk ; grade files ; and when great 

accuracy is reouirtd. iJtum are 
sticceeded Ijy the scrafx*. Filing is sn art 
-J tt> lx* acquim only by practice. l*hc diffi- 
culty is to file flat. Only dead parallel files 
are perfectly straight ; all others are more 
or less bellied, which shape is favourabW 
to the production of flat fa^. The right 
elbow is kept quite close to the workman's 
body, the iMy moves in unison with the file, 
and ita weight it thrown into the forward 
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■tnilw Mid relwvad daiiBK the ntom «n>Ke, 
thoH^ tlw flk kmot Mtnwy UAed of the work. 

t-.*. At ^ 


the letum stfoke, 


iomy k wmgfai W crossing the directioii of 
tlie strokes at intervals. Freqaentir time may 
be saved in heavy filing by nsinff the backs of 
balf-rotmd files bmore the flat files. The fine 
fifes should not be em]fioyed until the surface 
has been brou£^t nearly levels 
and nearly to a finish. 

Taatinge The testing of 
jilane surfaces k done with 
straightedges, winding 
strips, and surface-plates. 

Bed lead psate, made 
with red lead and oil, is 
nibbed on the edge of the 
straightedge or on the surfa^ie 
of me plate, and indicates ‘ 
its transference to the hij 
parts of the filed surfa^ 
localities from which material 
has to be removed. As the 
correction approaches com- 
pletion, the a'^tion of the file 
nas to be localised hy idiortor 
strokes, or by operating with 
an inch or two only next the 
point. The red lead must then 
be applied more thinly. When 
the surface shows contact 
nearly all over nothing more 
can he effected with the file, 
but the scrape will bo brought 
into service. This is held at an angle of from 
30*^ to 40° with the surface of the work, and 
it removes the merest tra^'c of metal from the 
high localities. Tlie surfa'^e plate is still used 
to check rmults, but the film 
of red lead must be very thin, 
or else it is not used at all; 
but the more contact of the 
work with the clean surface of 
the plate, or a thui film of clear 
oil suffices to indi^«at(3 the 
oints of contac't. 



shafts hi good work by •oiaping. The AaA k 

true, but & various loasoiB bearings am 
tomako ea^ fits with the shafts. The ooram u 
then worked edgewke in the brass, and red lead 
k smeared on the shaft journal. 

Cnutiona, The pracrioe of filing k of ex- 
tensive appHoation ; bat with some remarks on the 
preservatbn of the file, we must close 
these remarks. Tbou^ emery-cloth or 
paper are often used subsequent^ to files, 
they impart only a smooth finish. Th^ 
do not effect accurate resulte, 
^ whiohcanl 
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pomt 

The 



scraping. 

applies to finish imparted by 
draw filing. A good file must 
never be used on the outer, 
hard skin of a casting or forg- 
ing. If thk has to be removM 
by filing, an old, practically 
worn-out instrument must be 
used. Or the skin can be re- 
moved by grinding if the 
allowance left is small, or by 
chipping if sufficient in amount. 
Or the work may be pickled 
as for machining in dilute 
sulphuric acid. A new file 
should not be used on wrought 
iron and steel, but on brass iad 
gun-metal first, because partly 
worn files will not cut these 
allo 3 nB well, but will slip over 
them while they are yet capable of working on 
wrought iron and steel. Files that become 
ologg^ or pinned with particles of steel can be 
cleaned with card- wire ; or chalk, or a little oil 
applied to the file lessens the liability 
to pinning. 

Key Fitting. A section of 
mutual fitting in which the file has 
to bo used generally without refer- 
ence io the Burfa'^e- plate is that of 
key fitting. On correct contact 


surface of the 
work must Itc 
wiped clean every 
time of making 
oemtaot. 

Mutual Fit* 
ting. It will be 
noticed that nothing 
has been said about 
making mutual fits 
between parts. The 
reason k Uiat the sur- 
face-plate k the only 
test, and the work 
goes together for bolt- 
ing or uidtng fits as it 
leaves the tMt of the plate. If parts 
fitted mutually, inacouiaoy in one would pro- 
duce similar maocumey m the other, but of 
ojMmte kind, es ooneave and convex, etc. 

Im there are many oases of mutual fitting of 
due pari to another when one k known to be 
true, Thia beariogi are generally fitted to their 
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between keys and their 
seats the steady running 
of wheels largely depimds: 
Althoi^h keys are driven 
hard into their seatings, 
thk without good oon^t 
aU over would not sul^ 
lor permanent results, but 
they would work loose in 
time. Either the key may 
be fitted to its seating or vice veni. A key 
should be planed or mood truly, and it may 
be tested on the surmoe-plate. If the groove 
has not bien slotted truly, then it, rsdmr than 
the key, should b3 oometed fay 


it k uraafiy mors ocmvenient to ease the Imy to 
fit ks ssatntg, sad the slot k ususlly i 




^ itm. Vo thB it k driw& in w.ik only pnrtkl ; tko nbn of the fitter k to moke 
tetefcwite teoe an^ than removedt the bright the fnotlaR marke appcnr all over, 
ntatloi oanaed by Motion with the key*bcd mdi. Sunk, or feather keys [310] are let in the shaft, 
oatOMfwliere toSleoil metal. Red lead or chalk and the wheel, etc., driven over them, removal 

krabbed on the key before driving in, to help to and filiim being done several times as noces* 

lihow Idip hii^ i^Mte and pm After sary. men the clutch has to riide aa In 

filing, the key k again driven in and removed, the SIO, the feathers are secured by countersunk 

process being reMted until good contact k screws, or sometimes rivets, to prevent their 

obtained and the hey k sufficiently let in. working loose. Fitting is a question of filing the 

The removal of ki^ during fitting k done by tops and sides of tlie feathers until the clateh 
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FITni40-8H0F appuaucxs 

818. Parkiniot} vice 814sn<18ia. Vloeclsrof 310. Trenile 817* V blwk 313. TiMtinir foufidstlon with 
edge snd iplflt l«vel 810. Tsstliig iMHuings Ivy plniiil) lln« 

the key drift [809 A], driven with the hammer slides freely, but without shake, sfiecial care lieing 
when it k po^ble to ^ through the back of Uie taken that good contact is made along Uio sides, 

keyway; or as 809 B, with a wedge (a) and otherwke loose working will mnm ensue. 

pwftirfng (8), which k advisable only when the key Coltnrwd Jointa* A special type of fitting 
(c) k ani^portod 'jy the k^-bed in the shaft. allied to the keys k that of oottared joints, 

Ofteii,however, when the drift (A) cannot be got with or without gibs. Though the parts are 

in, a wete k used, and the bMUl of the key k machined, soma adjustments are usualty neoes* 

wi p iwfl w ny hpMipg a heavy sle^ hammer to sary in the cottar holes and in the ootta» 
fneventbendingdcmn, which would involve sub- ana gibs. The same methods of filing and 

ihninteidag. Fig. 809 C shows the checlrag wHh red lead are adopted, but as 

apfeaianoB mtke top when the contact k the nnmbcr of pieces involved k greater, 

8999 
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mwidmlile e$n lias to be exeeeiied. A com* 

|4ete loiBt of thk kind will inoliide the stub 
end m a rod, Uie breiM end etrep, the cottar, 
and one or two gibe, with or without set screws. 
lAnk motion, or motion work lor reversing 
and operathtt the valves of steam engines, 
is higb^lass ntUng. The sliding and pivot • 
ing surfaces are case hardened, so that 
though the principal fitting is done 
before hardening, some corrections by 
scraping or grinding, or with emery- 
cloth, am necessary subsequently. This 
includes the links, die blocks, pms, and 
pin holes. 

Bonohea, Fitters' benches are 
necessary in all fitting and erecting 
work, not only to cany vices, but to 
afford a surface at a convenient 
height for laying and building up 
the small parts of mechanism, as dis- 
tinct from those erected on trestles or 
on blocking on the shop floor. 

The bench also carries small 
tools and various appliances, 
some in drawers. 

The common timber benches 
built up something like that of Qc 
a carpenter, but carried along 320 tkstino ('yunder centre by 
for a considerable length, have plumb line 



a nanow shelf (D) Is supported above C to wiy 
small tools and the gas or eleotric Ikht dtthup. 
The frame for the dinwer is mounted inside m 
at E, and a lower shdf (F) and back (Q) 
rm a useful addition for holding tools 


These 1 


placed frw 4 ft. 


given place m many shops to 
those of oast iron, v)iioh are mon* rigid, durable, 
end cleanly. An example to go against a w'all 
is shown in 811. The cost iron portion con- 
sists of the leg or standard (A) fastened to the 
flwr with a coach screw, and to the wall 
with a couple of countersunk screws entering a 
wood packing. The thick piece of timlier (B) 


) legs are pli 

to 5 ft. apart, the timWs, of oouise, running 
across continuously. 

Double Beach. A double and self- 
contained desimi, such as is used in the 
shop of John Lang A Sons, of Johnstone, 
is shown in 812. Here two cast-iron 
standards ( AA) are bolted together, with 
thick piece of timber (B) between. 
Altemativelv, one leg alone may be 
attached against a wall, as in 811. 
Longitudinal timbers (C) are laid 
across, and then faced with hurd 
maple in. thick, placed trans- 
versely and tongued together as seen 
in the front view, showing also the 
drawer hung on bearers screwed 
to the underside of the plonks 
(C). A deep boss is provided, 
as in the previous example, for 
attachment of the vice. E and 
F are shelf and back boards to 
carry work in progress clear of 
the floor. Small shelves (G) are 
attached to the upright (B), 
and a gav.pijie is also supported thereby. The 
height of such benches averages 2 ft 10 in. to 
the top of the board. 

Vices. Fitters use lioth the ordinary screw 
and the instantaneous action vices, the advantage 
of the latter being that the jaws may be opened 
and closed instantly to any size without the 



forma the front of the bench top, and stands 
the heavy work, as well as carrying the vice 
which ia held by a bolt pasaing down through 
the boaa aeen near the front of 3ie casting. At 
G s thinner timber is uaed* packed up on stripe ; 



tedium of turning the screw many times. The 
Parkinson vice, a combination type, is seen in 
818. It has a fixed jaw (A) boltra down to a 
base (B), and embracing alidtag jaw (C). 
Th. cwnw . bnttna. duwid mmw (D). 





(B) ^yiag to >H>c!«p in B. 1k« 
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), or wlietlier it is rsissd up to < 
tbs first' sass tbs jaw(C) may be slid freely to 
and fro; in tbe second it can be moyed only 
the screw the lo^ handle, acting 
I ordinary screw vice. The move- 



ment of B is produced by the lever F, vdiioh, 
uiieii clasped 1^ the hand to the knob of the 
ioiew (D), toms the flat strip (G) Iving in a 
groove in E, and lowers the latter, t^en F is 
released the spring (H) draws it outwards, 
preasing £ up- 
wards, so that m 
the normal state 
the vice remains 
a screw one. 

Clnma, Clams 
ars necessary for 
much vice work on 
finished surfaces, 
the hard steel ser- 
rated jaws being 
only suitable for 
black or rough 
work. Sheet iron 
or copper clams 
(814] are suitable 
for ordinary use, 
but for brass or 
other soft work 
thick lead clams 
are desirable. 

Various special 
forms are also employed, 
such as those with V 
grooves for rods, serrated 
grooves for piping;, and 
those made in one piece to 
support shafts without risk 
of tlieir slippii^ down. It 
is very handy in fitting up 
shafts to be able to revolve 
them at intervals, and the 
clams in 816 permit of this. 

A consideraDle amount of 
fitting up is done on trestles 
[8161. two or more being 
used for a piece of work. Shafts are supported 
thus frn* ki^ and other fitting, resting in V blocks 
[817], often in preference to using the bench vice, 
because the latter is not so convenient, and does 
not allow the workman to walk all round the job. 

ErwellfSf. Erections are assumed to deal 
only with rather heavy work which cannot be 
done on the bench. Work completed on the 



properly fitting, so that a pump or 
•mall mom, n bmh work, would be cIsssm m 
fitting ; but a lam pump or engine pot togetiier 
on tlm floor wonld be erecting. 

LnwwIUng. Erecting generally involves 
AinffwSifffi t or relations too large for the employ- 
mmitolrnlwaiidmidliiistriimento momwnh 
wamt Henoe, the spint level and the plumb 
liae ere of mgider utiUty. Hence, too, m^t 
woifc b built up from a truly horieootal founda* 


tioii of tome kind or another, which may be 
either a part of the machine Itself or an arti- 
ficial and temporary basis. Host engines and 
machines have some kind of solid founda^on 
in the form of bed, bed-plate, baso-plato, or 
b^ in one continuous length, or in two or more 
disconnected parts. In erection, these are 
levelled up truly horiiontal by means of a spirit 
level laid on a straightedge [818]. Usually they 
are levelled and wedged up on heavy timber 
blocks cut from balk [818]. When there is much 
work of the same kind, a permanent foundation is 
laid in the shop, on which to bolt the actual founda- 
tion of the engine or mac^hino. Some cranes are 
thus built on bases, travelling cranes on rails 
over pits, locomotives over pits, marine engines 

down in pits, and 
soon. In each case 
before any super- 
structural worK is 
done the actual 
foundation is fixed 
and levelled, and 
any necessary fine 
adjustments are 
made by wedge*. 
Once lo veiled it re- 
mains permanently 
fixed until the 
suporsiruoture is 
completed over it. 

Rouoao for 
Lovolllng. The 
necessity for level- 
ling is to have a 
basis from which to 
erect perpendicular 
faces and centres, 
and also to ensure 
parallelism of all 
parts that lie in 
liorixontal planes. 
If the baHf3 is 
levelled, all other 
horisontal faces an^ 
iixod by the em- 
ployment of the 
spirit level. If 
|ierpendieulars are 
ertxticd, all perpen- 
diculars and horizontals must obviously be at 
right angles with each other without any not'd to 
set by squares, though this would still be done 
in the cose of short or low faces and centres. 
But the use of a square is obviously improctbablc 
when heights of many feet are coticemecl. 
Neither can a square lx; applied in many case* 
where a phimb line can lie, as thrtMigh the oentrs 
or axis of a bearing for f5xamplc. llie practice 
of levelling can be extended to include bearings 
for shafts which may have no other bases for 
adjustment, and for bearing standing at right 
or other angles with each other. Thel^ttom of 
the bore is then used for the working base, 
parallel straightedges being laid tberem and 
receiving the spirit level on the Um edge. 
AnoUier way b to lay the actual shaft in its 
beartngi, and level tlm top edge of the shaft. 
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«fe a^MtiaiT fm idl levelU^ 
irlm tliaTeiigib or «i»» to oe oheekod exceeds 
two or three feei» and th^ miiet, of ootuee, 
be parallel, the bottom edge ooming on the 
worl^ and the lerel reating on the top edge. It 
is necessary also to turn &e level abont end for 
end in case the instrument should be out of 
truth. Or levels with an adjusting screw may 
be used. 

The value of a truly horizontal base is seen 
.at every stage of subsequent erection. If 
measurement be taken from that base to any 
centre above, the spirit level ensures parallelism. 
If shafts or faces are not situated perpendicularly 
over one another, so that direct measurement 
cannot be taken, each one can be meMured 
directly from the base. Parallel parts in the 
horiaontal plane can he measurea off at any 
heif^t from the base by dropping a plumb line 
and by taking horizontal dimensions therefrom. 
Beartnffs in the same perpendicular axis are 
centred by dropping a plumb line through the 
centre of the upper one [819], the bob coming 
over the centre of the lower one, both bearings 
being bridged with wood on which to get the 
centres. A bearing above can lie centred by a 
plumb bob over a centre on the base plate below, 
fir to one side of such a centre to any dimension. 
The centre of a cylmdor can be located plumb 
with a shaft bearing similarly [820]. 

Centrwa anil Edge*. The measure- 
ment of distances between shafts or faces is 
variously done, somettmes bv centres, some- 
times by edges. The latter is, as a rule, the 
more convenient method, though centres are 
the dimensions laid down on drawings, and 
when lining out work. In erectmg it would 
often be difficult to employ centres. Having 
shafts or faces in the same plane, calipers or 
a rod gauge are generally employed in preference 
to the rule, measurement being taken between 
the adjacent shafts or faces. If they are not 
m the same plane then a parallel straightedge 
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may generally be carried along and aet horiioa* 
ta^ hv means of a level, and measiinspieut 
taken {torn that to the second shaft or face. 

Strmlaing Line. In some cases a 
straight cord or fine wire is employed as a 
centre from which to take nseasnrements. 
I%i8 Is most convenient in engine erecting. 
The wire is strained taut down the centre of 
the cylinder bore, retained centrally by strips 
in the ends, and being carried beyond to the 
gui^ and crank shaft bearinas, measurement is 
taken therefrom. The same device is employed 
in testing shaft bearings arranged in line along 
a shop wall, or along the girder of im overhead 
travelling crane. It is also used in order to 
observe the amount of set, or deflection, which 
a beam or girder undergoes when loaded. An 
alternative to the strained cord in the adjustment 
of bearings in a horizontal plane is to lay the 
shafting in, in successive lengths, levelling each 
length m turn with the spirit level, and coupling 
up as the work proceeds. The strained cord 
would still be employed for checking dimensions 
laterally. In a long length of shaft involving 
numerous bearings, a wire would sag or drop 
slightly, hence the preference given to the 
spirit level, but it v.'Ould not sag laterallv. 

When pieces of work have angular relations 
in plan, and dimensions are large, the plumb 
line IS usually preferred to the square or bevel. 
Hie relations of right or other angles are 
marked on the base, or bed plate, by geometrioal 
methods preferably, but never bv small instru- 
ments, the errors m which would be magnifled, 
and the plumb line is dropped to these lines. 
In small work, of course, squares and bevels 
are employed 

In setting and checking dimensions it is 
necessary to l»e careful to avoid errors, which 
arc less likely to arise in working by centres 
than by edges. Addition or subtraction for 
thicknesses and semi-diameters have to be 
made, and allowances for any inaccuracies in 
rough work. A safe course to 
adopt when there are a num- 
ber of dimensions in one plane 
is to add them all, and see if 
they total to the correct over- 
all dimensions. This serve*^ 
to check both the dravring and 
the workman's reckonmgs out. 

Gear Wheel Ceatree, 
A part of the erectors' work is 
often that of linmg out. Thus 
it may happen that certain 
centres cannot be obtained 
until the centres of gear wheels 
have been determined. Wlien 
there are trams of iron and 
steel wheels with cast teeth, 
shrinkages and exact oentres 
omuiot be determined before- 
hand. Hence, the centres of 
bearings are often marked out 
from the wheels themselves. 
Fig. 821 llliistrates a tmaoal 
set of gearing. The shalts 
ABC have to be conaeeted 
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fixttdby 

the wd A and B h^ve 
two seta of gem of dUforent 
efaee, to thid^ if aoj maoQoraoy 
oeenr in ttim» it has to be 
averaged between the two in 
eetting the centra of the 
ahafta. D B are for idow Ufte, 
and F G for onick. The 
centra are o and e» and gene- 
rally the locations of <Hie or of 
two are fixed by other fittings 
movemente. Cast steel 

r rs often give much trouble 
centres — more than thoM 
of iron do, because of their 
greater and uncertain shrink- 
age ; hence, one reascm for the 
growing popularity of cut 
gearsTuie diameters of which 
are exact. The shaft fittings 
include the keying up of fixA 
gears, and the fitting of the 
sliding or feather keys and 
pinions. The latter are slid with a clutch motion, 
H, or a sliding clutch engages with the gears as 
at J and K. 
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oorres] 
cross hoi 
plane, 


esponding with the axis of the cylinder, 
taa, and crank shaft in the horisontal 


£reetlag nn Engine. Fig. 822 illus- 
trates a compotmd horizontal engine which will 
serve as an object lesson on erecting of the class 
of which it is typical. In any work of this 
kind there are, of course, alternative methods, 
into which we cannot enter. But, broadly, 
there are two ways in which such an engine 
could erected, one being by taking section by 
section, and measuring and checking each ; 
the other by doing all the maebini^ by templets 
and gauges made from a first engine (completely 
fittea up, and then taken apart and each part 
being us^ as a templet, or gauge, or employed 
to make these from. This method is suitable 
when a considerable number, say above ten c>r 
a dozen engines, are wanted all alike. This is 
a half-way device between erecting and assem- 
bling : for slight adjustments woulii have to be 
ma£, as reamering of bolt holes through parts 
in place, and easings .with file and scrape. Yet 
for a class of work of medium size tlu^ slight 
corrections would not invalidate the term 
** interchangeable ** applied to such a class of 
work, though not in the stricter sense fai which it 
is applied to the smaller mechanisms. 

EiOtlM Bed. In 822 the engine bed is 
shown at A as built up of plate and angle, 
alternatively to a casting. The top face, a, is 
levelled firsts irrapeotivc of the truth of the 
bottom lace which goes on the foundation, B, 
of masonry and concrete. The top, a, is 
planed level, and the bottom might be also, 
or be left rough. But a is the face to be 
leveled, both before erection of the engme in 
th e shc pi o-wd ibt the time of its erection on its 
loundatm B. A centre line, 6, is run along the 
mul to ri^t left of this the otmtie 
lines, e, d, of the cylinders are markeck and at 
ijaAt angiM with these the line, e-L for tl» midt 
ahaBk and fay these the principal work is done. 
In the other direction the important centre is 


Detnila of Eroctlon. In the figures the 
cylinder lagging oonceals the joints, hut the 
two cylinders arc oust separately, and bolhnl 
together. In some cam^ they are cost as one. 
But in either case the machining is finished-— 
boring, facing, etc.— befon* they arc put on 
the IhhI plate, and if cast separately, they are 
liolted t^ether liefore I wing attached to the 
bed plaU\ They are then clamped to the bed 
]>latc. and liolt holes drilUnl and reamered, after 
due checking of the longitudinal accuracy of 
the cylinder axis. Being sot over iluur centres, 
a straightedge is passed down the to the 

crank siiaft, provided the guides, I) I>, are not 
cast with the cylinders, and lateral measuro- 
menU taken there Or a cord or wire is strained 
down the centres through wiskI strips bridging 
the cn^, and measummeiit taken from that 
liefore the final reamering is dont*. The cross- 
head guides, D D, ans shown as cast with the 
cylinders. Often th(*y arc cast sc^paral^^ly and 
l>oiU*d on. If so, they arc attached to the 
cylinders before tlie latter arc* boiled to the 
bed plate. The piston and piston rods, togeibc^r 
with the glands and covers, will have Ixien fitted 
to the cylinders at the bench, and thow will be 
removed during the setting of the cylinders by 
the straining line. By the same line tnc positions 
of the errank shaft bearings, E E, will be adjusted 
laterally, before their Isilt holes are drilled and 
reamered. Tlio bearing centres will be squared 
up from the centre line r-/, scrilssl on the bed. 
'Ae crank shaft, F, is now dropped in, and the 
Connecting rods, G G, fitted to toe shaft at one 
end, and the cross heads, H, at the other. If, 
however, these parte hod all been ma^ by 
templet from a sample engine, then the cylinders, 
gukws, and rods would be set bodily at once, 
e nd connection mode to the crank shaft with no 
sellings and ocBustments, except, pwhaps, a 
slif^t amount of ramering of bolt noies. The 
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Notice how the expression -op -4- 6g-f- cr is 
formed from the denominators of the given 
fractions, by taking - o times the first denomi- 
nator, h times the second, and c times the third. 

By the result just proved, we know that the 
given fractions arc each equal to a fraction with 
denominator - ap 4* + cr and whose numerator 

is formed in the same way as the denominatf)r, 
viz., by taking -o times the first numerator, 
h times the second, and c times the third. 

Hence the given fractions are each equal to 

- a (cy+hz)’\-h {az+cjr)~\-c (hac + o?/) _ 

-ap+bq + cr + c 

by collecting terms in the numerator. 


Denoting this constant value by /;, wo have 

= A;, and therefore the value of k can be found 

when we know one set of corresponding values 
of a and b. 

Example. If a varies as &, and a is 2 when 
b is 16, what is a when h is 9 ? 

Since o oc h, we have a — kb^h being constant. 
Therefore, since a = 2 when b = 15, it follows 

that 2 =167., or7£ = A. 

Hence, when 6 = 9 we have 


a = 9x 


In exactly the same way we can show that 
each of the given fractions is equal to 


16 


: 1 1 Ana. 


2m ij 


and also to 


2(lhz 


ap -bq+ cv ap + hq - cr 

Therefore these three expressions must be 
equal to one another. On dividing each of them 
by 2ahc we obtain the required result, vh . , 

X y 

a ( - ap + hq 4- cr) b (ap - bq -f- cr) c (ap bq - cr) 


142. One quantity is said to vary inverady as 
another when the first varies as the reciprocal 
[Examples 30, No. 2] of the other. 

Thus, a varies inversely as h, when a oc so 

tliai a = 4-, where h is constant. 
b 

One quantity is said to vary as two others 
jointly when it varies as their product. 


140. The method used in Art. 189 of puttin;^ 
each of a number of ecjual ratios equal to a 
single letter, A, can alw'ays be followed in such 
cases as the following. 

Example. If a \ h \ \ c \ d, prove that 

a ; a 4- c ; a + 6 ; a + 6 4- c -I- (Z. 

Let 

b d 

Then, a = bh and c = dl\ 

, o __ bk __ b 
••o+'c’" bkVdk~ hTd’ 

and 

fl-f 6 _ bk+b _ ^ 

a4’b4-<’4-d b (k^li)'\-d (A' 4-1) (h-\-d) {k~\-l) 
Thus, 

.and - 

0 -fc a4-h4*c+d 

are each c(iual to 

^ b + d 

Therefore, 

a : a + a^b :a4-6 + c + d. 


Thus, a varies as b and c jointly when a oz be. 
One quantity is said to vary directly as second 
and inversely as a third when its ratio to the 
])roduct of the second and the reciprocal of the 
third is constant. 

Thus, a varies directly as b and inversely as c 

if a : 6 X -i- is constant, t.e., if a=»~, where 
c. c 

h is constant. 

As in Article 141, the constant can always be 
found when one set of corresponding values of 
the quantities is known. 

Example. The volume of a right circular 
cone varies jointly as the height and the 
h 4- d* square of the radius of the base. The volume 
of a cone 14 in. high and having a base of 3 in. 
radius is 132 cubic in. What is the volume of 
a cone 9 in. high with a base of 3 J in. radius ? 

If V = the volume, r ~ radius of base, and 
h — height, then Y cjc rdi^ so that V = kr'^h. 
Hence, when V = 132, r=5 3, and ?i= 14, we*** 

have 132 = /,; x 9 x 14. Therefore, k = and 
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VARIATION 

141. Consider an article sold at a fixed price, 
say, ()d. per yard. It is evident that if wt* 
double the number of yards we double tin* total 
cost ; if wo take half the number of yards we 
make the cost amount to half its former value, 
and HO on. When two <juaiitities are related in 
the way that the number of yards and the cost 
arc here I'elated, so that any two values t>f 
tile one quantity are in the same ratio to one 
another as the corresponding values of the other 
(jjuantity, then the one quantity is said to vary as 
the other quantity. 

The words “ varies as are denoted by the 
symbol cc, ko that “a varies as 6” is Avritteu 
“a cc fe”, and means that the ratio a ; h has 
always the same value. 


when 1\ — ^ and r - 3i, 

V= X X 9 cubic in. 

- 115J cubic in. A ns. 

Answers to Algebra 




Examples 88 

1. 


8. 2.^/2+ JS. 

2. 

2:!^/3. 

9. 7- s/;j. 

3. 

r)V;i. 

10. 2v'3. 

4. 

2G. 

11. ±4-^ 

5. 

o 

'3' 

6 ’ 17 

12. 0, } . 

6. 

VwT 

4 

7. 

7\/l0-3, 



Co’niinued 
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GEOGRAPHY 

New Guinea. Physical Features of Australia. Climate, Plants 

26 

and Animala Races. Queensland and New South Wales 

Coutlnved from 
pufoMST 


By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


New Guinea. New Guinea (nearly 300,000 
sq. miles) stretches between the islands of the 
Malay archipelago and Australia. Much of it 
is mountainous, peaks in the Owen Stanley and 
Bismarck ra^es rising to at least 13,000 ft. or 
14,000 ft. fiiere are many large rivers, of 
which the Kaiserin Augusta in the north, and the 
Fly in the south, are we largest. The northern 
part of New Guinea has rain at all seasons, but 
most in northern winter months with the 
northern monsoon, and is covered with dense 
tropical forests. Little of the interior, however, 
has yet been explored. The south has less rain, 
and this falls chiefly during the northern summer 
months, when the southern monsoon blows. The 
vegetation hero is open forest, with many 
eucalyptus and mimosa trees. 

Politically, the island is divided between 
Britain, Germany and Holland. Port Moresby 
is the chief place in British New Guinea. 

AUSTRALIA 

The Australian Commonwealth (3,000,000 sq. 
miles), consists of the continent-island of Aus- 
tralia, with the neighbouring island of Tasmania 
(20,000 sq. miles). It includes the States of 
Queensland, New South Wales, Victoria and 
Tasmania in the east. South Australia in the 
centre, and West Australia in the west. 

SeM, Gulfs and Islands. Australia 
lies to the south of the islands of the Malay 
Archipelago, from which it is separated by the 
Timor and Arafura Seas, and to the south of 
New Guinea, from which it is separated by 
Torres Strait. Its western shores are washed by 
the Indian Ocean, its eastern by the Pacific. The 
shape of Australia is compact, with few peninsulas 
and gulfs. Let us look out in a map Cambridge 
Gulf in the north-west, the great Gulf of 
Carpentaria, enclosed by the peninsulas of 
Ani^em Land and Cape York in the north, and 
on the south coast Encounter Bay, Spencer Gulf, 
and the Great Australian Bight. Notice how 
few islands lie off the coast, the only considerable 
one being Tasmania, a detached fragment of the 
continent, separated from the mainland by Bass 
Strait, above whose waters rise small islands. 
Thou^ lacking in gulfs, Australia has many 
inlets, which form excellent harbouxs. Among 
,them are Port Jackson, which 'forms Sydney 
Harbour, one of the finest in the world, and Port 
Philip, the harbour of Melbourne. 

Mountaina and Rivers. The highest 
land in Australia forms the eastern highlands, 
which, under various names, stretch along the 
east coast of the continent, and are continued 
in Tasmania. These highlands, generally called 
the Great Dividing Range, are highest in iho 
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south-east, where the Kosciusko group reaches 
7,350 ft. To the west of this the highlands are 
known as the Australian Alps, and nortli they 
are known as the Blue Mountains, the Liverpool 
Range, etc. These long formed a barrier to 
expansion from the coast to the interior. 

The most formidable barrier to exploration 
was the Blue Mountains behind Sydney. Ex- 
pedition after expedition was unsuccessful in 
attempting to find a route across them. 
** Between the ranges lie yawning chasms, 
deep-winding gorges, and frightful precipices. 
Narrow, gloomy, and profound, these stupendous 
rifts are enclosed between gigantic walls of 
sandstone rook, sometimes receding from, some- 
times frightfully overhanging, the dark bod of 
the ravine, and its black, silent eddies or foam- 
ing torrents. Everywhere the descent into the 
deep abyss is full of danger, and the issue 
almost impracticable.** At last routes were 
found, and the railway is now carried across 
this formidable barrier. 

River* of the BMtern HIghlande. 

The eastern highlands lie near the coast, and 
descend more or less steeply to it. Under such 
conditions, no long east-flowing rivers can be 
formed. Look out the Burdekin, Fitzroy, 
Brisbane and Hunter. 

The rivers from the western slopes of the 
northern part of these highlands carry little 
water, and }o8e themselves in the dry interior, 
except after rains, when they flow to Lake Evre. 
The largest is Cooper*B Creek. The higher, 
better-watered, southern part gives rise to the 
only considerable river of the continent, the 
Murray-Darling. The more northerly waters 
are gathered up by the Darling, which flows 
south-west to its confluence with the Murray, 
which has gathered up the rivers of the southern 
highlands, the most considerable being the 
Lachlan and the Murrumbidgee. The main 
stream of the Murray comes from the Australian 
Alps, issuing from the mountains, like all the 
rivers of this part of the system, in a profound 
gorge, which is known as the Gate of the Murray. 
The plains surrounding the Murray and its 
tributaries form the foverina district, which 
affords excellent pasture. 

. The Central Depreaaion and Western 
Plateau. West of the Murray, which widens 
at its mouth to Lake Alexandrina, rises the 
Flinders Range. West of this is a depression 
which extends across the continent from the 
Gulf of Carpentaria, the submerged northern 
part of it, to Spencer Gulf in the south. The 
rest of the continent is a low plateau, highest 
round the margin. The rivers shown in maps 
are, for the most part, dry channels, except 
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after rains. The S^van Biver in the south-west 
should be noticed. 

Climate. If we look at any map of the 
world, we see that the greater part of Australia 
is in the same latitudes as South Africa. We 
also notice that Australia is extremely broad 
from west to east, and that its general elevation 
is low and uniform, both favouring a diy climate. 

Australia is almost bisected by the Tropic of 
Capricorn, which crosses it at its broadest part. 

A veiy large part of the continent, therefore, 
has the hot summers and warm winters of 
tropical lands. The summer solstice coincides 
witn the earth’s position in perihelion, when the 
sun is 1 ,600,000 miles nearer the earth than at the 
summer solstice of 
the Northern 
Hemisphere. For 
this reason,andalso 
as a consequence of 
the absence of a 
protective covering 
of vegetation, very 
high temperatures 
are rworded in the 
interior of the con- 
tinent, where the 
ground is some- 
times so heated, 
that a match fall- 
ing on it ignites. 

Only in the ex- 
treme south is the 
climate temperate, 
but with warmer 
summers and win- 
ters than our own. 

The north and 
north-west coasts 
are in the monsoon 
region of wet 
summers and dry 
winters. The 
eastern highlands 
condense the 
winds from the sea and provide a fairly abundant 
rainfall for the east coast at all seasons, but 
most in summer. Parts of the south-east and 
south-west have a moderate rainfall, which is 
of the Mediterranean type, and falls in winter. 
The interior of the continent is for the most 
part an almost rainless desert. Tasmania has 
rain at all seasons, and differs little in climate 
from the Channel Islands. 

Vegetation. Australia seems to have 
been cut off from the rest of the Old World very 
early, and its plants and animals are in many 
ways exceptional. The trees are evergreen^ 
and suit tne hot, dry climate. The tough, 
leathery leaves are set sideways, presenting 
their edges and not their surfaces to the sun’s ^ 
rays, thus greatly reducing evaporation. This 
makes them very shadeless, but as a com- 
pensation allows grass to grow where it would 
otherwise be impossible. The trees grow tall 
and straight, and stand well apart. The 
commonest is the eucal 3 rptu 8 , or gum tree, the 
species of which are very numerous. Many 
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shed their bark annually, and the long, dead 
strips fluttering in the wind give a weird ap- 
pearance to the landscape. In the drier regions 
many trees possess water-storing properties, 
as in the other arid regions of the world. 

Drought«resistiiig Plant*. The hot, 
wet, northern tropical regions are covered 
with tropical forests, with such trees as screw 
pines, palms, bamboos and mangroves along 
the coasts. On the drier western margin the 
forests open out and pass into savanas. The 
trees diminish in height, and grass or dwarf 
bushes known as scrub predominate. Of these 
the commonest are the dense brigalow scrub, 
the inulga scrub — a sharp, spiny plant very 

difficult to peno- 
trate, the dreaded 
spinifex or porcu- 
grass — whose 
- % hard, sharp- 
- pointed leaves, re- 
— sembling groups of 
bayonets, inflict 
cruel wounds, and 
the salt bush, 
which covers vast 
areas of Eastern 
Australia. All 
these are drought - 
resisting plants. 
Towards the in- 
terior even this 
hardy vegetation 
disappears and the 
country becomes a 
desert. 

The east coast 

n is well wooded in 
the wetter part, 
various species of 
eucalyptus pre- 
dominating. Be- 
yond the Divide 
the woods pass 
into grassy downs, 
scrub and desert. Hardier even than the 
eucalyptus are the acacias, or wattles, of which 
numerous species occur. 

In the regions of winter rains in Victoria and 
Western Australia are found two valuable 
species of eucalyptus, the jarrah and the karri, 
both hard, durable woods in great demand. 

Animal Life. Some curious t 3 rpes of 
animals arc found in Australia. Many are 
marsupials, which bring forth their young 
prematurely, to complete their development in 
the mother's pouch. The kangaroo and the 
opossum are Uie most familiar. Other creatures 
combine the characteristics of reptiles and 
mammals. The num^c\us species of birds 
include the emu, cassowary, 1^-bird, etc. 
The domesticated animals of Europe have 
been introduced, and sheep are extremely 
numerous. The rabbit has become a pest, 
and starves out sheep by eating up the grass. 

Occupation* and Population. Aus- 
tralia suffers from two drawbacks — drought 
and scanty population. The population is 
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mainly confined to the coast, and chiefly to the 
State capitals, especially Sydney and Melbourne. 

The e^loitation of tropical Australia is ren- 
dered difficult by the question of labour. It 
is not a white man's country, but the introduc- 
tion of indentured coloured labour is open 
to grave objections. In Victoria and South 
Australia wheat is cultivated ; and many fruits, 
espacially the vine in the regions of winter 
rain, come to perfection. As a permanent 
occupation sheep and cattle breeding will 
probably always ba more profitable than 
agriculture. Gold mining is extremely im- 
portant. Enormous sums have been spent 
in Queensland and other parts of Australia in 
sinking deep artesian wells to the water-bearing 
strata, in order to render irrigation possible. 
Manufacturers are protected by a heavy tariff, 
but the great stimulus to development, a large 
home market, is yet wanting. 

Races. The aboriginal inhabitants are 
dying out, and the bulk of the population is of 
British descent. The aborigines were at a 
low level of culture, subsisting on the produce 
of the forests and grass lands, and practising 
hardly any arts. There is a strong Australian 
opposition to the immigration of the yellow 
races, who have secured a precarious footing 
along the northern coasts. Here, again, an 
ample population would be a better safeguard 
than legislative enactments. 

QUEENSLAND 

Queensland (668,000 sq. miles), is a dis» 
tinotively tropical colony. The Dividing Range 
recedes from the coast, giving Queensland 
navigable east-flowing rivers, whose alluvial 
lands receive abundant rains from the Pacific. 
The lands round the Gulf of Carpentaria receive 
less rain, while the interior is dry. 

The Forests of Queensland. The 
coastal lands of Eastern Queensland were 
originally densely forested ; but with the 
advance of settlement forests are rapidly dis- 
appearing. Sawmills have sprung up in all 
directions, and in the forest clearings maize, 
tobsbcco, sugar and cotton are planted. Coffee 
has been introduced into the scrub lands of 
Northern Queensland. An immense variety 
of fruits can be grown, including the coconut 
and date palm, the banana, which grows wild, 
the pineapple, orange, lemon, mango, and 
many others. 

In the Dividing Range the forests remain 
in their original magnificence. Centuries old, 
and towering 200 ft. above vou, their topmost 
branches massed with orchids and lichens, 
rise the huge, russet- brown columns of the 
bunyas, the ringed, majestic heights of the 
pine, and the smooth white pillars of the 
beech, 100 ft. without a limb. Festoons of 
brilliant creepers and the thick cordage of the 
scrub vine swing overhead. At times you pass 
down avenues of white and yellow orchids, 
past beds of arum lilies, and between dark- 
green walls of scrub myrtle, or through a minia- 
ture forest of tree ferns. Here the moss-cor 'ed 
trunk of some fallen cedar giant shows amidst 
a rambling mass of wild raspberry bushes ; 
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there a hu^ Moreton Bay fig-tree spreads a leafy 
shade, its nollow trunk a network of grey cables, 
inside which a man can climb for & ft.'* 

The Darling Downs West of the 
Divide lie the grassland of Queensland. The 
richest portion is known as the Darling Downs. 
This is a fertile and well -watered plain, some 
70 miles by 30, surrounded by mountains whose 
streams have covered the Downs with fertile 
alluvial black soil. At present it is mainly a 
pastoral and fruit-growing region, but mixed 
farming and co-operative dairy industries are 
developing. Large areas are being sown with 
wheat, maize, and lucerne, and as settlement 
advances the Darling Downs will supply wheat, 
cereals, potatoes, and malting barW, as well as 
butter, cheese, bacon and fruit. The pastoral 
products of these and the other grasslands — 
wool, hides, meat, tallow — are of great value. 
There is a large export trade in frozen meat, 
and along the east coast are many freezing 
works, boiling down works, preserving works, 
and chilled meat stores. 

Mining Industries of Queensland. 
The mineral wealth of Queensland consists of 
gold, silver, copper, tin and, in fact, most metals, 
and many precious stones, such as sapphires. 
Among many famous gold mines Mount Morgan 
may be mentioned. Originally bought for £1 
an acre, it has paid nearly £5,000,000 in dividends. 
Charters Towers has yielded over £14,000,000 
since 1872. 

Artesian Wells. The western part of 
Queensland is dry, but in recent years it has been 
found possible to obtain water by sinking deep 
artesian wells. Up to June, 1902, nearly 950 
such wells had been sunk, the deepest of which 
was over 5,000 ft. while several others exceeded 
4.000 ft. Many hundreds of millions of gallons 
are thus obtained daily, so that a country which 
a few years ago could not be settled is “ now 
traversed for miles by the linos of rushes which 
follow the overflowing waters as they meander 
for miles over the downs, led in channels formed 
by huge ploughs made for the purpose ” 

Towns of Queensland. The towns 
are chiefly along the coast, opposite breaks 
in the Great Barrier Reef, which sWts the coast, 
Brisbane, in South Queensland, the capital, is 
the outlet for the rich Darling Downs region, 
in which are situated Toowomba and Warwick. 
Other busy towns are Maryborough, near a sugar, 
gold, and fruit-producing region ; Rockhampton, 
the chief place in Central Queensland, the outlet 
for wool and other pastoral produce, and for the 
gold of Mount Morgan ; Mackay, a sugar town ; 
Townsville, the principal port of North Queens- 
land, connected by rail with Charters Towers 
and other goldfields; and Cairns, in a district 
growing rice, sugar, coffpe, cacao and other 
tropical produce. 

NEW SOUTH WALES 

New South Wales (310,000 sq. miles) is 
the oldest Australian colony. The climate is 
sub-tropical in the north, while the difference 
between winter and summer temperatures is 
not great in the east. The south is temperate. 




In the interior, where the heat of summer is 
intense, the range of temperature is much 
greater. The rainfall of the east coast is gener- 
ally sufficient, but west of the Dividing Range it 
becomes very scanty, and long periods of drought 
are common. 

The Dividing Range. This is from 3,000 ft. 
to 7,000 ft. high, and fronts the coast steeply at a 
distance of from 30 to 120 miles. It culminates 
in Mount Townsend, in the Kosciusko group, 
which just rises above the snow line, and secures 
to the Murray a permanent flow. The coastal 
belt is fertile and crossed by many small rivers, all 
liable to flood after rain. West of the Dividing 
Range lie pastoral regions drained bv the fan- 
like tributaries of the Murray and Darling, 
many of which are empty in the dry season, and 
flood the country after heavy rains. This region 
passes gradually into the desert, on the margin 
of which the camel has been introduced for 
transport purposes. 

Resources of the Colony. About one- 
fourth of the colony is wooded, and the forests, 


which are mainly composed of various species of 
eucalyptus, produce some beautiful cabinet 
woods. There are many sawmills in the forest 
area. 

Agriculture is carried on in the better watered 
cast, and is growing in the Kiverina district. 
Wheat and maize are the chief cereals, the former 
producing flour of superfine quality. The 
brewing industry is developing. Sugar is culti- 
vated in the hotter northern part of the colony. 
The orange is the chief fruit grown. In the drier 
west, agriculture is difficult, but in the irrigated 
districts various fodder crops are raised. 

The minerals of New South Wales are valuable. 
Gold is widely distributed. Silver and silver-lead 
are abundant round Broken Hill in the west. 
Coal is mined round Newcastle, Illawarra, and 
Lithgow, where iron is smelted. Opals are found 
in some districts, though they are not of the 
finest quality. 

The great resource of New South Wales is 
the pastoral industiy. In 1901 the colony 
contained 21,000,000 sheep, the merino breed 

3701 






moaiurav 

predominating. Where herbage is poor the VICTORIA 

runs have to be very large, but the productive Victoria (88,000 so. miles), though the 
power is enormously increased when irrigation smallest, is the most densely i^pulated of the 
from rivers or artesian wells can be carried out. Australian Colonies. It occupies the extreme 
Rabbits are a great scourge, and rabbit-proof south-east of the Continent, and has maiw good 
fences are erected at great expense in tlie harbours, of which the finest is Port Phillip, 
pastoral lands. The products of the pastoral which forms Melbourne harbour, 
industry are wool, hides, leather and meat. Victoria is crossed from east to west by the 

Meat preserving, boiling down, and wool- Australian Alps, rising to over 6,000 ft., a con- 

washing establiGmments are numerous. Bourke tinuation of the Dividing Range. The moun- 
and Wilcannia are important pastoral centres. tains are forested, and contain many giant 
Drought in Australia. A vivid account eucalyptus trees, some of which exceed 400 ft. 

has lately been written of the horrors of an in height. Fan palms, tree ferns, and acacias 

Australian drought. “ Sunrise comes with a are also common. The southern slopes are drained 

fiery red glow, and a scorching wind. After a by short rivers, which cross the fertile Gippsland 

hasty breakfast washed down by milkless tea, district to the sea. The northern slopes are 

the pastoralist throws himself into the saddle drained to the Murray. West of about 146“ E. 

and rides to the big station tanks to superintend the rivers do not reach the Murray, but dry up 

the work. Round the shrunken pool of yellow or end in salt lakes or swamps. This fonns the 

water stands a row of sheep, unable from sheer Wimmera-Mildura district, the poorest part of 

weariness to extricate themselves from the mud the colony. Much of this region is covers with 

into which they have rushed in their eagerness malloe scrub, interspersed with the salt bush, 

to drink. The owner looks at the bleating ani- and occasionally with good pasture grass, 

male, mere skeletons covered by wool and hide. The climate of Victoria is temperate, with hotter 
with a dull wonder that they have lived so long, summers than our own, and winters cool enough 

He rides on. On all sides are skeletons and for an occasional touch of frost, which disappears 

decaying carcasses. Not a blade of grass is to as soon as the sun is up. The rainfall of the 

be seen anywhere, nothing but the scanty black- coast is about the same as in Kent, but in the 

green foliage of the gums, and in the distance Wimmera district it becomes very scanty. It 

the grey, dusty mulga-sorub. He heads for the is everywhere irregular, and seasons of drought 

scrub, crossing the creek . bed, now dry and alternate with disastrous floods, 

choked with dust. Men arc cutting down the Products of Victoria. The leading 

mulga, the only food the station affords to the occupation of Victoria is sheep farming, the wool 

starving sheep. The animals eat it, but not produced being the finest in the world. The 

eagerly, even though they are starving, for it is merino sheep has been introduced from Spain, 

tough and uninviting. The next visit is to the where the climate is not dissimilar. The wool 

stud flock, once the pride of the station. From a is longer, softer, and more lustrous than any 

deep water-hole a man is pumping water into other. Other pastoral products are hides, meat 

troughs, while another is opening bags of chaff, and dairy produce. Tlie dairy industries are now 

This is hand feeding and an expensive business, adopting co-operative methods, as in Denmark 

Every sheep costs 6d. a day to feed, for the chaff and Switzerland, and large quantities of butter are 

has to be Drought hundreds of miles by boat consigned to the European market, 

and train, and last of all by team or camel train. Next to wool ranks gold, most of which is 

The sun climbs higher, and the feeble sheep minted at Melbourne. Bendigo and Ballarat 

creep into the shade of the gum trees. Men set are famous centres. At Bendigo is the deepest 

about removing the hides and wool of those that gold mine in the world (3,350 ft.), and several 

have recently died. The choking wind sweeps others are carried down to 3,000 ft. 

across the sun-baked land.” The agriculture of Victoria is rapidly develop- 

Towna of New South Wales. Sydney, ing. The dry, warm climate suits wheat, which is 

the capital, has now echoed its former rival increasingly grown. The yield is small, but the 

Melbourne. It is the terminus of many import- flour mill^ from it is of exceptionally fine 

ant steamer routes both from east and west. Its quality. Fruit growing is important, and apple 

harbour on Port Jackson is one of the finest in orchards are numerous. The warm climate, with 

the world. “ One might live in Sydney a life- wdnter rains, resembles that of the Mediterranean, 

time and then not know eveiy arm and nook of and the vine is grown with great success, ^me 

Port Jackson. Each of its inlets is, in a way, wine and light grape brandies are now made, 
a reproduction of the main harbour.” The city Towns of Victoria. Melbourne, the 

is built in red and yellow sandstone on the heights capital, on Port Phillip, is the rival of ^dney, 

round the bay, and presents a fine appearance and the seventh city in size in the British Empire, 
from the sea. Newcastle is the second town With its suburbs, of which Williamstown is the 

and the princijial seaport north of Sydnev. most important, it covers' an area of 200 sq. 

Goulbum is an important centre in the south, miles. The fine harbour of Port Phillip is 

Bathurst, 150 miles west of Sydney, is the centre entered between the Heads, beyond which the 

of an agricultural, pastoral, and gold-mining Bay opens out like a great inland sea. Geelong, 

district. Many other towns are on the road to on the western shore, 46 miles from Melbourne, 

prosperity, but at present population is too has woollen manufactures. The gold town of 

muon concentrated in the capital, Sydney. Ballarat is the second city in the colony. 

CorUiimed 
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substanoe which we are shortly to study, ttrie 
ocid, which is the characteristic end product 
of the chemical degradation within the body 
of a particular kind of proteids which are known 
as the nucleo-proteids- 

Other Reactions of Urea. Just as 
urea and water are produced by the decom- 
position of ammonium carbonate, so, under 
other conditions, urea and water can be made 
to form ammonium carbonate. This synthesis 
is also effected by the vital activity of an omni- 
present microbe "which is known as the bacillus 
ureas. 

The estimation of the quantity of urea pro- 
duced by the body every day is a matter of the 
first importance in a very large number of 
diseases, and is usually accomplished by the 
estimation of the volume of nitrogen given off 
from a given quantity of urine when the urea in 
it is decomposed by the addition of a solution of 
hypobromite of sodium. This salt has the 
formula NaOBr, and is a powerful oxidising 
agent. Carbonic acid is formed, but is absorbed 
by the free alkali in the hypobromite solution, 
nitrogen alone being cvolvea and measured as 
soon as it has cooled. 

Some New Organic Acids. There 
remain a few important organic acids derived 
from the hydrocarbons that we must briefly 
discuss. They have varying claims to attention, 
the first being of great importance as a poison, 
while others are very valuable constituents of 
various fruits, and help to account for their 
dietetic value. Tartaric acid, which belongs to 
this group, has already been discussed in part. 

Oxalic Acid. We have already seen that 
all the carbon acids contain the group carboxyl, 
COOH. The formula of oxalic acid is simply 
twice that of carboxyl. It may be prepared, tor 
commercial purposes, in many ways, and occurs 
naturally in certain plants in the form of its salts. 
Thus, the oxalate of lime is contained in rhubarb, 
while the hydrogen potassium salt occurb in 
sorrel, and is thus known as salts of sorrel. 
Oxalic acid is largely used for cleaning straw 
hats, so that in some parts of the country it is 
known as bonnet acid. We have already re- 
ferred to it as an acid which exercises poisonous 
actions independently of the actions common 
to all the strong acids. Thus, a soluble salt of 
the acid is almost as dangerous as the acid itself. 
It acts upon the central nervous system, causing 
drowsiness and stupor. The essential part of 
the treatment in cases of oxalic acid poisoning, 
which is lamentably common, is not merely 
to neutralise it, but to form an insoluble saU^ 
and this can be done by the administration of 
any preparation of lime. Clever and well- 
trained policemen have not infrequently saved 
life in these cases by scraping wmtewash from 
a wall and administering it to the patient. 
Salts of sorrel is often used for the purposes of a 
poison, and is practically equivalent in its 
action to oxalic acid itself. Broken-down ciystals 
of oxalic acid are sometimes sold by mistake 
as Epsom salts or sulphate of magnesium. 

Malic Acid. This is another form of 
organic acid which naturally occurs in various 
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forms of vegetable life, and especially in apples, 
from the Latin name of which (Malum) its name 
is derived. Like lactic acid, malic acid contains 
an asymmetrical carbon atom — an important 
term already defined — and therefore rotates the 
plane of a ray of polarised light. 

The natural acid is left-handed, and an artificial 
a^'id can be prepared which is optically inactive, 
consistii^g of a mixture of right and left-haitded 
acids. 

Tartrates. When discussing the work 
of Pasteur we said all that need bo said about 
tartaric acid, but some of its salts are worthy 
of mention. The hydrogen potassium salt is 
known as cream of tartar. A double salt of 
potassium and sodium is known as Rochelle 
salt. Cream of tartar is deposited on the sides 
of wine casks in the crude form known as argol. 
It is ust^d in medicine, having the characteristic 
properties of salts. Rochelle salt is produced by 
the addition of cream of tartar to a hot solution 
of sodium carbonate, and is similarly employed 
in medicine. It is one of the chief ingredients 
of a seidlitz powder. (Tne reader must not con- 
fuse argoly the salt, argon, the gaseous element, 
and Algol, the famous double star.) 

Tartar Emetic. Much more important 
in some ways is the salt known as tartar emetic, 
or tartarated antimony, which may be somewhat 
loosely described as a tartrate of potassium and 
antimony. It is prepared by the interaction of 
cream of tartar and antimonious oxide. In 
former da^s tartar emetic was very largely 
used in medicine, but we recognise nowadays 
that, since it contains antimony, it is a proto- 
plasmic poison. Its administration causes ex- 
treme depression, and, despite its name, it should 
never on any account be used as an emetic. 
Indeed, it should be abolished altogether from 
the Pharmacopoeia. In cases of acute poisoning 
by this dangerous salt, the symptoms of which are 
very similar to those of arsenical poisoning, the 
patient’s strength must be conserved in every 
}x>ssible way, and tannic acid, or strong tea 
containing tannic acid, forms one of the best 
antidotes. 

Citric Acid. Citric acid has already been 
mentioned as a typical organic acid which, for 
reasons we have explained, actually increases the 
alkalinity of the blood. Some of its many sources 
have already been named. It crystallises in 
rhombic prisms, is readily soluble in water, is the 
most pleasant to the taste of the organic acids, 
and has a calcium salt which is noteworthy in 
that it is less soluble in hot water than in cold. 
Citric acid may be taken freely in beverages 
without any fear that it will attack the enamel 
of the teeth. Citric acid is also deservedly 
famous as the specific preventative of the disease 
caUed scurvy or scorbutus^ which was once the 
sailor’s curse. At times' this disease has 
threatened the safety of the British navy, but 
forty years ago the carriage of lime-juice — 
containing citric acid — on board ship was 
made compulsory, and now the disease has 
Y>ecome extremely rare. It is interesting to note 
that doctors are quite at a loss to eirolain the 
disease, though there is none more easily cured. 



Nowadays they are much more familiar with in- 
fantile Bcuiw. This disease very commonly occurs 
among children fed exclusively upon sterilised 
milk. Indeed, a baby fed on nothing but 
sterilised milk will develop scurvy. The mere 
addition of a teaspoonful of orange-juice — 
containing citric acid— to the daily diet of such 
a baby will cure or prevent the disease. Pro- 
bably the most important factor in the relative 
success of Arctic exploration in more recent years 
has been the prevention of scurvy among the crews 
by the simple expedient of carrying lime-juice, 
the essential constituent of which is citric acid. 

Uric Acfd. The last acid of this group that 
we need consider is known as uric act'd, and has 
the empirical formula C5H4N4O3. It is a 
subsidiary constituent of the secretion of the 
kidney in mammals, including man. In birds 
and reptiles, however, the kidney secretion of 
which is solid, urea scarcely occurs at all, and is 
replaced by urates. About ten grains of brie 
acid are daily sccretod by man, not in the form 
of acid, but as its sodium salt. It is exclusively 
derived from the class of proteids known as 
nucleo-proteids, which have this name because 
they are characteristic constituents of the nuclei 
of living cells. No quantity of a simple proteid, 
such as white of egg, in the diet will increase 
the secretion of uric acid. On the other hand, 
the characteristic proteid of milk is a nucleo- 
protcid, and allied bodies are contained in meat 
m general. Furthermore, tea and coffee are 
capable of yielding uric acid. Now, there is a 
modem and popular doctrine that most human 
ills are duo to the occurrence of uric acid in ex- 
cessive quantity in the blood, and there is some 
small percentage of truth, at any rate, in this. 
Organic chemistry has so far advanced, however, 
that in cases where “ uric-acidflemia ** is really to 
blame, the diet can be so modified that scarcely 
any uric acid is derivable from it. Such a diet 
will be vegetable, and will include eggs and 
milk, which are of no practical importance as 
fielders of uric acid. The point to recognise is 
that uric acid is produced only by a certain 
group of proteids — besides malt liquors — and 
that if these be omitted, any quantity of other 
proteids may be taken. It is safe to say 
that, on the ground of excessive production 
of uric acid, and on other grounds, we must 
judge as very excessive the amount of meat 
consumed by the overwhelming majority of 
prosperous people in this country. Among 
the most characteristic constituents of meat, 
found most abundantly in meat extracts, is 
sarcin. This, when oxidised, 3riold8 another body 
called xanthin. The characteristic alkaloids of 
tea, coffee and cocoa are derived from xanthin. 
Extracts of meat, tea and coffee have their use 
— and unfortunately their abuse — as stimulants. 
They are destitute of any food value, and are 
therefore worse than useless where stimulation 
is not required, since the first, at least, leads to 
the formation of uric acid. 

The Carbohydrates. We must now 
consider the last group of paraffin derivatives — 
the carbohydrates. The term has already been 
defined, and when we discussed formaldehyde 
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reference was made t6 the theoretical fasliion 
in which we may imagine the carbohydrates to 
bo synthesised in plants — which, until recently, 
were their sole source. Lately, however, the 
artificial synthesis of certain carbohydrates has 
been add^ to the achievements of synthetic 
chemistry, and the noteworthy fact is, that it is 
formaldehyde from which the chemist starts. 
When a solution of formaldehyde in water is 
shaken with milk of lime and filtered, there is 
produced a substance called formose, which is 
itself none other than a carbohydrate or mixture' 
of carbohydrates, and has the same empirical 
formula as the typical sugar, 

We cannot here discuss the remarkable work 
which has l)ecn done upon the constitution and 
chemical relations of the sugars and their 
derivatives. Chemists have found, however, 
that these carbohydrates must really be looked 
upon as complex examples of other paraffin 
derivatives, which we nave already studied. 
Some of them are really alcohols, some are 
aldehydes, some are ketones, and so on. 

Dextrose or Glucoie. This very 
important and typical sugar has the empirical 
formula C„H,.,6„. It occurs in many fruits, 
and is produced in the blood in large quantities 
in the disease known as diabetes. In these cases 
it is derived from various carbohydrates of the 
diet, or, failing them, even from proteids, well 
proving the extreme complexity of the molecular 
constitution of these last. Glucose is also pro- 

such as starch, which has the formula C„?IioOr. 
If this bo boiled with a dilute acid, each molecule 
of starch takes up one molecule of water, yielding 
dextrose. Cane sugar also yields dextrose if 
it be boiled with a dilute aeia. Its formula is 
C4 oH220ji, and this, plus a molecule of water, 
yields two molecules of C^Hj^O,,. As we shall 
see, however, they are not both molecules of 
dextrose, though they have the same formula, 
for the product is found to consist of two sugars, 
one dextro-rotatory — dextrose — and the other 
Iflpvo-rotatory — Icevulose. The net action of the 
mixture, however, is Isevo-rotatory, whereas the 
original cano sugar was dextro-rotatory, and 
thus the canc sugar is said to have undergone 
the process of inversion. 

Lievulose is found to accompany dextrose in 
fruit and in honey. Both of these sugars an* 
readily decomposed by yeast, yielding alcohol 
and carbonic acid, as we have seen. 

Tests for Glucose. The presence of 
glucose in the secretion of the kidney indicates 
its excessive presence in the blood, and is a 
matter of extreme importances. Thus chemical 
tests for glucose have iKsen very carefully investi- 
gated. The most familiar of these consists in 
the employment of what is called “ Fehling’s 
solution.” This consists essentially of cupric 
oxide, OuO, which is reduced, under the influence 
of glucose, into cuprous oxide, CU.4O, forming 
9 red precipitate. Various other bodies besides 
glucose, however, may effect this reduction, and, 
therefore, other tests are necessary. One of the 
host is the fermentation test, wnich is carried 
out by the use of yeast ferment. 


3705 



Cane Sugar and Mllil Sug&r. We 

have already seen the formula of cane sugar or 
soccAarose— theoharacteristio sugar of the sugar* 
cane, the beet, and other plants, l^s extremely 
valuable food is not utilised in the body as such, 
but as glucose — ^the final form in which the body 
utilises all its carbohydrates. Cane sugar is not 
capable of fermentation until it has been hydro- 
lysed to form dextrose and lasYulose. Reference 
has already been made to ladose or xnilk sugar, 
which has the same formula as cane sugar. Its 
sweetness is not very marked. It is less soluble in 
water than most sugars, and it is very resistent to 
fermentation, being Hius specially fitted for milk. 

Starch and Cellulose. If we ex- 
amine a potato through the microscope, we find 
that it consists of a large number of granules 
of starch bounded by a tough waU. &e con- 
tents of the granules are often known as granu- 
lose, while their walls consist of ceUuhae. Both 
have the empirical formula (C^HjoOgln. Cellu- 
lose is entirely indigestible by any ferment in 
the body, and thus 3ie value of boiling a potato 
consists in the splitting of the starch granules 
so that the digestive juices can act upon the 
starch which they contain. Starch is the pre- 
eminent form in which vegetable life stores its 
energy. The “n” in its empirical formula 
doubtless corresponds to a very high number, 
and there are very many substances which have 
similar formulae and may be regarded as modi- 
fications of starch. Among these is dextrin or 
British gum, a yellow powder which can be pro- 
duced by heating starch to 200° C. It is soluble 
in water, and can be chemicaUy distinguished 
from starch by the fact that it does not yield, 
with tincture of iodine, that intense blue colour ' 
which anyone can see for himself who drops the 
minutest trace of the tincture on his collar. 
The animal body also contains a substance called 
glycogen, which has the same empirical formula 
as starch, and is sometimes called animal starch. 
It is produced from glucose, and stored up in 
very Jaige quantities in the liver, which can 
hyarolyse it again into glucose and serve it out 
in the latter form to the blood as a source of 
energy, according to need. 

Digestion of Starch by Hydro* 
lysis. Starch itself is readily converted into 
sugar outside the body by boiling with dilute 
acids, and also by the action of a ferment called 
diastase which, as we have seen, is found in the 
barley grain and in other germinating seeds. 
The starch first changes into dextrin and then 
into dextrose. A similar ferment occurs in the 
saliva, where it is known as ptycUin. An essential 
part of proper treatment of the food consists in 
due mastication, which means due admixture of 
the food with the saliva. Thus swallowed, the 
starch of the food undergoes change by hydro- 
lysis into sugar in the stomach for twenty minutes 
or half an hour, before the process is arrested by 
secretion of hydrochloric cusid by the stomach 
wall. The pancreas or sweetbread also produces 
a veiy much more powerful ferment, called 
amyhpsin, whiob is poured into the bowel and 
converts all the stanm hitherto imdimted into 
dextrose, in which form it is absorbed 
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We have here discussed only the most 
tant of the large group of sulwtanoes which may 
be classed as the carbohydrates and their den- 
vatives. ,A point necessary to be emphasised is 
that we must not allow ourselves to be deceived 
by the name carbohydrate, nor by the apparent 
simplicity of the empirical formulae cn these 
bodies. Even if we consider formaldehyde itself, 
which has the ideal empirical formula of a carbo- 
hydrate, we find that its constitutional formula 
is HCOH, and that it is thus in no sense what- 
ever a hydrate of carbon. Perhaps the best 
value that we can attach to this name to-day is 
the warrant which it appears to afford for the 
very probable theory that the beginning of the 
S 3 mthesiB of the carbohydrates by the pkint is to 
lie found in the union in its leaf of the carbon 
which that leaf has dissociated from carbonic 
acid of the atmosphere with water which has 
been sucked up by its roots from the soil. 

A New Group. We have now devoted 
all the available space to the parafi&ns and their 
countless derivatives. We now turn to another 
large ^up of bodies which are sharply dis- 
tingui&ed from the parafi^s by the condition 
of their carbon atoms. In the typical paraffin, 
which is methane, we find that, so to speak, all 
the four-handed carbon atoms are holding some- 
thing. This is true of all the paraffins and their 
derivatives. But we must now describe a 
number of paraffins which are described as 
unsaturated, in order to indicate the fact that all 
the hands of their carbon atoms are not entirely 
occupied. If, for instance, we take the second 
paraffin, etham, wo see that the two atoms of 
carbon are united to one another by means of a 
single hand on the part of each, the other three 
hands of each being occupied with a hydrogen 
atom. But there is another substance cafied 
ethylene, which also contains two carbon atoms, 
but which has the giaphic formula H 2 C =€£[ 2 . 
Here we find that the carbon atoms are doubly 
linked to one another, but, as ethane has proved 
for us, the second link is superfluous ; one would 
suffice, and thus it is that these bodies are 
capable of combining with other atoms directly, 
thus becoming saturated, as the phrase goes ; 
they are therefore known as unsaturated cam- 
pounds. 

The name applied to ethylene and the other 
members of its series is the olefines, and we can 
assign to them a general formula as we did in the 
case of paraffins. It is If the reader 

does not remember the general formula of the 
paraffins, so that he can mentally compare it 
with this, he should look it up. 

Various Olefines. The first of the 
olefines should have the formula CH 2 , but does 
not exist by itself. It is called methylene. We 
have already stated the fonnula of the second, 
ethylene, often known as olefiant gas. If we adopt 
measures which seem likely to result in the 
formation of methylene, we always find that 
its molecules pair up^ so to speak, so that we get 
ethylene instead, ^is body may be prepared 
in many ways, as, for instance, the interaction 
of ethyl iodide and caustic soda. This results 
in the formation of ethylene, sodium io^e, and 



OHIMISTIIV 


water. The reader should write the equation. 
It is also produced by the distillation of ordinary 
alcohol with excess of sulphuric acid. Hydrogen 
ethyl sulphate, as we have already seen, is forme(^ 
and if this undergoes decomposition, sulphuric 
acid and ethylene result, thus : 

HC:4H«S04 - H,S 04 + C.H^. 

Olefiant gas is also produced in the destructive 
distillation of wood, coal, resins and fats, its 
production being due to the decomposition of 
the methane evolved from these bodies. It is 
one of the most important constituents of coal 
gas, being very inflammable, and burning with 
a luminous flame. (It is worth noting, however, 
that recent study of the luminosity of flames 
shows that this depends, much more largely 
than used to be supposed, upon the incandescence 
of solid particles within them.) 

Characters of Olefiant Gas. Ethy- 
lene is a colourless, pleasant-smelling gas, very 
slightly soluble in water, but somewhat more 
so in alcohol and ether. Under the influence 
of cold and pressure it becomes liquefled, and 
its subsequent evaporation from this state is 
largely used for the production of extreme 
degrees of cold. The words olefine and olefiant 
mean oil- making, and ethylene was called 
olefiant gas because, when it becomes satu- 
rated by the addition of two atoms of chlorine, 
yielding C 0 H 4 CL, or ethylene chloride, the 
product is an oily liquid ; but our previous study 
of the oils will have shown the reader that, despite 
their names, the olefines have nothing to do 
with them. The other olefines, such as propylene 
and butylene, need not here be discussed. In 
general, the olefines may be converted into 
paraffins by the action of nascent hydrogen, 
as we should expect. This soon catches on, 
so to speak, to the scarcely occupied hands of the 
doubly linked carbon atoms. As in the case 
of the paraffins, we find that as we pass up the 
series of olefines successive members are found 
to be liquid, and, later, solid. 

Oleic Acid. On account of its relation to 
the olefines, wo may here mention olei<‘ acid, 
Ci 7 H;i.jCOOH, which has already been referred 
to, in our discussion of the fats, but which, as 
wo saw, is not a fatty acid, beiM related rathei 
to the olefines than to the paraffins. This acid 
exists, in combination with glycerine, m most 
fats and oils, especially the non-drying oils. 
The acid itself is a soft solid below the tem- 
perature of 14° C. We have already seen that 
its sodium and potassium salts are the chief 
constituents of soaps. The oleate of lead used 
to be used in surgery as lead plaster — sometimes 
called lead soap. It can re^ily bo produced 
by rubbing litharge or PbO and olive oil 
together in a mortar, or by boiling the oxide 
with water and olive oil. Olive oil is an impure 
oleate of glyceryl, and the products of the 
reaction are lead oleate and glycerine. 

Acetylene. There remains only one other 
gas which we need study before we pass on 
to an entirely new series of organic compounds ; 
this is the gas known as accfylcnc or ethine. It 
has the formula CgH^, and may be prepared 
in various ways. The elements unite directly 


if carbon be raised to a very high temperature 
in the presence of hydrogen. This discovery was 
niade by Berthelot, in Uie year 1859, and is of 
historic interest since it formed the first stage in 
his artificial synthesis of alcohol. Acetylene is 
also produced by an incomplete combustion of 
hydrocarbons, as, for instance, methane. Part 
of the hydrogen of the methane is oxidised 
to water, and acetylene results. In practice, 
the acetylene is absorbed by an ammoniacal solu- 
tion of cuprous chloride, forming a somewhat 
remarkable explosive compound of a red colour 
known as copper acetylene. 

The gas may also bo produced by tlie inter- 
action of chloroform and metallic sodium. The 
reader should write out the equation showing 
how two molecules of chloroform and six atoms 
of sodium yield common salt and acetylene. 
The empirical formula of this substance throws 
no light upon its extremely interesting constitu- 
tion. Its two carbon atoms must be regarded 
as united with one another by means of not one 
hand apiece, as in the case of ethane, nor two 
hands apiece, as in the case of ethylene, but 
three hands apiece. This triple bond is the 
characteristic of acetylene and its allies. 

Characters of Acetylene. Ethine is 
an evil -smelling, colourless gas, and is a normal 
constituent, in varying degrees, of coal gas. It 
burns with an extremely luminous flame, which 
endows it with great value as an illuminant. 
Unfortunately it cannot be stored with safety 
in its liquid form, which is obtained by cold, 
or pressure, or both, since it is extremely liable 
to explode. 

The various moans of making acetylene 
which we have quoted have all been superseded 
in commerce by another process, which was 
first discovered by Wohler. This chemist 
was the first maker of the compound known 
as the carbide of calcium, and he found that 
this compound was decomposed by water with 
the formation of lime and acetylene. Carbide* 
of calcium is nowadays formed in the electric 
furnace by the direct union of the purest possible 
lime and coke. It is a crystalline solid, stable 
in dry air, but decomposed by the smallest quan- 
tities of moisture. The equation for the decom- 
position is simplicity itself : 

UaC:, + H.O == C.,H.j -4 CaO. 

Needless to say, the lime unites with more 
water to form calcium hydrate. 

Acetylene itself has definite poisonous pro- 
perties, but some of the impurities which con- 
stantly occur in it, such as carbon monoxide and 
phosphoretted hydrogen, are worse. Ureat im- 
provements have lately been made in the i)ro( 5 ess 
of purifying acetylene before its consumption. 
Great improvement has also been made in the 
manner of its combustion. When the right kind 
of burner is employed, this gas yields a flame 
which, for brilliance and beauty, is ec^uallcd by 
none of its competitors. Every reader is familiar 
with it as an illuminant for the head-lights of 
motor-cars. 

The Aromatic Group. We now turn from 
the paraffins, the olefines, and their derivatives, 
to an entirely new series of hydrocarbons, the 
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^ioal representative of which is benzene^ 
Adopting widest possible classification, we 
may st^r that the bodies we have hitherto been 
discuBsinn are of the fatty group, but tbht benzene 
and its ames belong to the arofmatic group. The 
empirical formula of benzene is CoHe» aiid we 
m^ write this in a more generalim form, 
CnH 2 ii-o», Hydrocarbons of this series, with 
their derivatives, belong to the aromatic group, 
a large number of them being obtained from 
aromatic substances, such as balsams and 
resins. The leading characteristic of this group, 
as a whole, is the relative stability of its com* 
pounds as compared with those of the fatty 
group. Here, however, we may quote Professor 
Meldola, regarding the relation that exists be* 
tween these two groups, and the quotation will 
show us the propriety of concluding our study 
of the fatty group with acetylene : 


“ The division here made between fatty and 
aromatic substances must not be regarded as 
one having a sharply defined boundary line. 
In point of fact, the two series merge into one 
another, and compounds belonging to one group 
can be transformed into compound of the other. 
Thus, benzene, the typical hydrocarbon of the 
aromatic group, can he formed directly from 
othine or acetylene, a hydrocarbon of the fatty 
group, by the pol 3 nneri 8 ation effected by heat : 


Ethine Benzene.*’ 


The Character* of Bensene. Let us 

first consider the sources and characters of 
benzene, and then let us see whether its chemical 
reactions will enable us to write its graphic 
formula. It is often known as benzol, and the 
name is derived from the gum resin known as 
benzoin, derived from a tropical tree, and the 
source of the famous antiseptic medicament 
known as Friar's Balsam. Commercial benzoin, 
however, is obtained from coal-tar, which is, 
indeed, the principal source of most of the 
members of this series. Coal-tar is the product 
left behind when coal is distilled so as to produce 
coal-gas. This coal-tar or coal-tar oil is of a very 
complex composition. It is first of all neutralised 
with soda and with a weak acid, so that any 
acids or bases present in it may be removed. 
The oil is then distilled, or fractionally distilled 
certain portions of it coming over at low tem- 
peratures and others at higher temperatures. 
The “ light oil ” which distils over first consists 
mainly of benzene. This is a mobile, colouriess 
liouid with a characteristic but not offensive 
odour, lighter than water, boiling at about 80® C. 
and freezing at 6® C. It is very nearly insolu- 
ble in water. In accordance with the generalisa- 
tion already laid down, it is extremely stable, 
and can scarcely bo oxidised. It bums with a 
fairly brilliant name. Under certain conditions 
it can be made to take up six atoms of hydrogen, 
yielding a body the formula of which is CnHi 2 - 
Or it may take up six atoms of chlorine, un^r 
the influence of ught, giving a body with the 
formula CgHdClQ, or certain of its hydrogen 
atoms may be replaced by halogen atoms, as, 
for instance, in di-chlbzo benzene, CaH 4 Clg. 
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, Graphic Formula of Boaconer AH 

these reactions, and a host besides, including the 
formation of benzene from acetylene — as we 
have seen — ^by a sort of condensation in its 
molecules when they pass through a red-hot 
tube, led the chemist Kekul6 to construct a 
Ipraphic formula of benzene, the truth of which 
is now generally aoc^ted by chemists, and the 
evidence in support of which might be extended 
over many pages. This celebrated formula is 
known as the benzene ring, the theory being 
that the six carbon atoms are united with one 
another in a closed ring or chain, on the outside 
of which, so to speak, are attached the six 
hydrogen atoms, one to each atom of carbon. 
If the reader draws such a formula for himself 
without any further hints from us, he will detect 
a flaw in it, and he will do us a favour if he tries 
to find out this flaw for himself before reading 
any further. Lot him remember the valency of 
carbon — and consider. 

The Necessary Correction* ! Plainly, 
it will be necessary for us to suppose that each 
carbon atom is in a different relation to its two 
carbon neighbours. To its neighbour on the one 
side it is united by only one hand, but to its 
neighbour on the other side by two hands, 
while the fourth hand is occupied, obviously, 
with an atom of hydrogen. Thus, the formula, as 
the reader originally wrote it out, can be cor- 
rected by simply doubling every other line 
between the carbon atoms, thus : 

This discovery of the ^ 

constitution of tne benzene I 

molecule occupies an im- ^ ^ C .. 

portant place in the histo^ \ 

of organic chemistry. We ^ 

may here quote, in conclu- | 

sion, one simple illustration ^ - 

of the applicability of this 
formula to the facts. Let 
us take, for instance, J. 

benzene hexa- chloride, ” 

CqHqCIo, and see how its formula must be 
written. Plainly, all we need to do is to 
suppress the double bonds in the carbon ring, 
leaving each of the six atoms united to its 
fellows on each side by one hand only, and thus 
we shall see that hands are available for the 
addition of a chlorine atom beside the hydrogen 
atom all the way round. We may note the 
parallelism between this and ethylene chloride. 
Our graphic formula answers other requirements 
with equal satisfaction, and in all subsequent 
study of the aromatic compounds we shall take 
its truth for granted. 

Practical Uses of Bensene. We have 
outlined very briefly the pure chemistry of 
benzene, and have seen how great its interest 
is. We must now consider its practical uses, 
which we can divide under'^ three heo^gs. In 
the first place, it is a very valuable solvent for 
a large number of organic compounds ; secondly, 
it is the starting-point of the great industiy 
concerned with She manufacture of dyes from 
coal tar ; thirdly, it is the source of a host of 
d^vatives which we may call the benune 
derivaiives or aromoHe compounds, and which 
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are of great practical utility. As may readily 
be imagined, the number of different kinds of 
molecufes that may be derived from one so com- 
plex as that of benzene is illimitable. We may 
choose two of the simplest possible examples, 
and then consider the product. Just as in the 
case of methane we find it possible to replace a 
hydrogen atom by hydroxyl, so we find it 
possible in the case of benzene. The molecule 
is a symmetrical one, so that it matters not 
which hydrogen atom we require it to replace. 
The formula of the body just produced will, of 
course, be CoHgOH. Its technical name is 
pheml, the group being known as phenyU 
while its common name is carbolic octrf. To 
take another instance, let us substitute the now 
familiar group carboxyl for a hydrogen atom, 
giving us the formula 0^11^00011. The body 
thus obtained is known as benzoic acid. Lastly, 
let us replace one of the hydrogen atoms with the 
group NHj. We shall then have a body with 
the formula O^HgNH.,, chemically known as 
phenylamine, and commonly as aniline. 

Carbolic Acid. Of these bodies, perhaps 
the most important and interesting is carbolic 
acid or phenol. In practice it is obtained by 
the treatment of heavy coal-ta^ oil with soda or 
potash. If nn acid be then added, the carbolatc 
of soda is decomposed and the carbolic acid 
comes over. We call this body an acid, but the 
reader will understand that it may also be 
regarded as an alcohol. It certainly is an acid 
in that it forms salts, but it does not redden 
litmus paper. We have just as good a title to 
call it phenyl alcohol as carbolic acid. The 
commercial product is extremely liable to im- 
purities which commonly give it a reddish colour, 
and many of these are mpre poisonous and raort^ 
irritant than carbolic acid itself — the use of 
cheap carbolic acid in hospitals being thus an 
unsatisfactory kind of economy. Pure carbolic 
acid crystallises in fine colourless needles ; it 
melts at 36° C., and boils at 187^ C. It is highly 
soluble in alcohol, ether, and oils, but is only 
very slightly soluble in water. The solution 
commonly known as “ one in twenty,” is almost 
the strongest that can be obtained. On the 
other hand, one part of water with ten of carbolic 
acid produces what is practically a pure liquid 
carbolic acid. Even in its aqueous solution 
this substance coagulates albumin, and it 
exercises a very powerful caustic action when 
concentrated, even though it is not acid enough 
to redden litmus paper. 

Uses of Carbolic Acid. We owe to the 

late Professor Calvert, w^hose name survives in 
the famous firm of that name, the possibility of 
the manufacture of carbolic acid in a pure form 
fit for use in medicine and surgery. A crude 
carbolic acid is also largely used for preserving 
railway sleepers, its value depending upon its 
antiseptic properties. Carbolic acid is also used 
as a source of dyes, though it is of less importance 
in this respect than aniline. Picric acid, for 
instance, is a brilliant yellow body produced by 
the addition of small quantities of nitric acid 
to carbolic acid. Lately* dilute solutions of 


picric acid have been found very valuable ip the 
treatment of bums. 

Among the convenient tests for earbolic 
acid may be named the violet colour, gradually 
turning brown, which it yields on the addition 
of the minutest quantity of a dilute solution of 
ferric chloride ; and the white precipitate, 
soluble in excess of phenol, which it yields with 
bromine water. 

Carbolic acid is a protoplasmic poison, 
directly interfering with all life. It probably 
acts in virtue of its coagulation of albumin. It 
will always bo the classical antiseptic, since it 
was employed by Lord Lister in the beginning ; 
but though it is still used in enormous quantities, 
it is very far from ideal. It is relatively weak, a 
solution of at least 2 per cent, in strength being 
necessary to kill the average microbe. Dissolved 
in oil, this acid entirely loses its antiseptic 
properties ; carbolic oil should therefore be 
dismissed from surgical service. The drug is 
very readily absorbed by the skin — even the 
unbroken skin — provided, of course, that it be 
applied in a very dilute solution. This property 
makes it very valuable in the treatment of such 
disorders as a whitlow*, since we can imagine the 
carbolic acid, so to speak, chasing the miorollx's 
under the skin and killing them. 

Toxicology of Carbolic Acid. It has 
already been noted that this acid acts as 
a })oi8on independently of its local caustic 
jiropertios, thus resembling oxalic acid. Cer- 
tainly the acid may kill, in consequence of its 
action upon the stomacjh, and in cases of poison- 
ing it is desirable to neutralise it with chalk on 
the spot, or to dilute it with white of egg, so as 
to avert its local action ; but it has to lie remem- 
bered that any soluble carbolate circulating in 
the blood will surely kill in consequence of its 
action upon the nervous system. 1 1 is neci'ssary , 
therefore, to consider further the history of 
carbolic acid after absorption, and to see whether 
there are any chemical means by which the 
consequences of its absorption may be neutral- 
ised. The question is a very important one 
to the surgeon, because he uses carbolic 
acid so extensively, and because it is neces- 
sary for him to be able to control im- 
mediately any undue consequences of its 
absorption. But it is also of great importance 
to the ]>ublic in general, because the modern 
and wide employment of carbolic acid as an 
antiseptic and disinfectant has lately made it 
an extremely frequent cause of death by iioison- 
ing. Indeed, this dangerous acid is so easily 
obtained, on any of a hundred pretexts, that it 
has lately come to rank third among the 
poisons that most frequently cause death in 
this country. 

The True Antidote. On close study 
it is found, then, that carbolic acid entering 
the blood undergoes oxidation in part into 
various innocent substances. The whole of 
the rest of it is converted into sulpho-car- 
bolates, sulpho-carbolic acid being obtainable 
outside the body by the addition of sulphuric 
acid to carbolic acid. These sulpho-carbolates 
are quite innocent, and, therefore, so long as 
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there remains any free sulphate in the blood, 
the absorption of oarbolib add is free from any 
dan^r. The dose of carbolic acid whidh causes 
deaUi by its action after absorption is one which 
is so great that all the sulphates in the blood are 
used up, with the consequence that oarbolates 
themselves are allowed to circulate. 

This discovery is of the greatest practical 
importance. In the first pla^, it provides us 
with a test of safety. It is a simple matter to 
ascertain whether a patient who has been treated 
with carbolic acid externally or internally is 
excreting free sulphates by his kidneys. If free 
sulphates are absent, then danger is at hand. 
If they are present, the treatment may be 
continued. Secondly, we are now provided with 
a true chemical antidote to carbolic acid even 
after absorption into the blood. The whole 
danger lies in the using up of the available 
sulphates. We must therefore provide more 
sulphates. Any reader of this paragraph may 
have the opportunity of saving a life thus 
threatened — suicidally or otherwise — ^by the 
administration of, say, an ounce of magnesium 
sulphate — the Epsom salts which can be bought 
at any chemist's shop— dissolved in a tumblerful 
of water. The most rapid means of treatment 
consists in the injection into a vein of a sterile 
solution of half an ounce or more of sodium 
sulphate. 

Nitro«nubatitution Compounds. The 

action of nitric acid, or a mixture of nitric 
and sulphuric acids, upon benzene and its allies 
is to form nitro-sul^titution compounds, of 
which the simplest is known as nitro-benzene, and 
has the formula C^HfiNOo. This is a yellow 
liquid with a pleasant smell closely resembling 
that of oil of bitter almonds which has the for- 
mula GnH5COH. Nitro-benzene is sometimes 
substituted for oil of bitter almonds in the 
manufacture of confectionery, and has thus 
caused death. There is no objection, however, 
to its use in perfumery. Di-nitro-benzenes are 
known in which two hydrogen atoms have been 
replaced by the nitro-group. 

Picric acid, to which we have already 
referred, is a nitro-substitution compound of 
carbolic acid, its technical name being tri-nitro- 
jihenol, three nitro groups having b^ substi- 
tuted for three hydrogen atoms of we phenol. Its 
salts are called picrates. 

Aniline. The body which has the formula 
— ^much better written thus than as 
C0H7 N — often known as phmylamine or 
amido-benzene. The name is derived from 
anilf the Portuguese word for indigo, since, in 
1840, it was shown that this body could be pro- 
duced by the action of caustic potash on indigo. 
It is a heavy, oily liquid, colourless, and has an 
unpleasant smell. It produces a measy stain 
upon paper, but the oil is so vdatue that this 
soon disappears. It bums readily and is oxi- 
dised on exposure to Ihe atmosphere, turning 
a deep brown. It is a poison, and it has been 
shown that the poisonous action of nitro-benzene 
also is due to its reduction in the stomach with 
the formation of aniline. 
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As long ago as 1835 it was known that aniline 
produced a fine blue colour when treated with 
calcium chloride. But it was not until consider- 
ably later that this property of the body was 
turned to practical use. We shall shortly dis- 
cuss the subject, because it affords an extremely 
significant lesson of national importance. 

The Manufacture of Aniline. A 
substance of such great commercial importance 
has to be manufactured as cheaply as possible 
on the large scale, and the mediod employed 
depends upon the production of nitro-bmzene, 
a body which we have already studied. This, 
having been produced from coal-tar, is reduced 
by nascent hydrogen which is evolved by the 
interaction of iron filings and dilute acetic acid. 
This is one of those processes in which certain 
of the reagents can be used over and over again. 
In this case ferrous acetate is produced, and then 
ferric acetate, nascent hydrogen being meanwhile 
evolved, and then the ferric salt is converted into 
hydroxide and free acetic acid again. From this 
last the aniline is distilled over. The equation 
representing its formation is 

C«H,NOo-f 6H = CflH6NH2+ 2H.,0. 

The commercial product, however, is not pure 
aniline, but a mixture of aniline with an allied 
body called toluidine, which is closely allied to 
it. Tlie presence of the toluidine or toluidines 
is necessary for the production of colours from 
the aniline. 

The Work of Perkin. The famous 
name in the history of this subject is that of 
Sir W. H. Perkin, F.R.S., the jubilee of whose 
great discovery has recently been celebrated in 
this country. " It was in 1856 that Sir William 
was led to study the effect of mixing the sulphate 
of aniline with bichromate of potash in equiva- 
lent proportions. After some hours, when 
the reaction is complete, the black precipitate 
which is formed is washed and purified, and is 
found to consist essentially of the dye best known 
as mative. Sir William Perkin patented this 
process at the age of 18, and it was in commercial 
employment in 1857. Prom that year dates 
the foundation of the coal-tar colour industry. 
Sir William met with many difficulties, but con- 
quered them all. He discovered later a method 
by which he could synthesise the red dye known 
as alizarin in a fashion commercially practicable. 
This country long benefited by his work on this 
subject. In 1862 it was prophesied by Professor 
Hofmann, Perkin's first teacher, that “ instead 
of disbursii^ her annual millions for these 
substances, England will, beyond question, at no 
distant day become herself the greatest colour- 
producing country in the world ; nay, by the 
very strangest of revolutions, she may ere long 
send her coal-derived blues to indieo-growing 
India, her distilled crimson to coonineal-pro- 
duoing Mexico, and her fossil substitutes for 
quercitron and safflower to China, Japan, and 
the other countries whence these articles are 
now derived.*' 

A Lost Industry. Thirty years ago 
it could be said that Hofmann's predictions 
were realised, but they are not true toiay. The 
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practical extinction of the coal-tar colour industry of things, which is affectins injuriously all our 

in the land of its birth is the best-known example national activities — namely, Uie absence, speaking 

of an industry lost to a country by sheer care- generally, of a sufficiently intelligent appreoia- 

lessness and laziness. Year by year the industry tion on the part of the leaders of the nation, 

has become more and more important, more and whether as legislators, capitalists, manufacturers, 

more competent and profitable. Since Perkin or merchants, of the supreme importance of 

turned his attention to pure chemistry, having scientific knowledge and scientific methods, not 

given this country a start which should have been only for the successful carrying on and improve- 

worth millions of pounds, new coal-tar colours mentof all industrial enterprises, but also, and not 

have been discovert with increasing frequency. less so, for the working out of all national 

At the present moment the industry founded by problems whatever, udiether of education, of 

this Englishman is a German industry, and a economics, of hygiene, or especially of national 

source of enormous and ever-increasing profit defence in the construction of our armaments 

to the enterprising people who believe in science. by sea and by land, and the training of our 

Incidentally, their vigour has destroy tni, or is soldiers and sailors.” 

on the way towards the complete destruction of, A Parallel Case. The text upon which 
certain industries of great importance to our we are now preaching may bo illustrated in 

Indian Empire, such as the cultivation of the many ways — one of the most striking being 

indigo plant. In this country, the record of the recent demonstration that an essenti^u 

which in science is unparalleled in ancient or factor in the triumph of Japan in the late war 

modem times, and is probably equal on the whole w^as her adherence to the principles of hygiene, 

to the entire scientific record of the rest of prevention of infectious disease, and antiseptic 

the world put together, science and commerce surgery, which the world owes mainly to this 

are hardly on speaking terms. The manufacturer country, and which were so scandalously 

has a process which yields him profit. If he be neglected, to the loss, of thousands of lives and 

a German he is not content therewith — some millions of pounds, in our own late war. But 

of the large German firms employing more young even this example is not quite equal in irony to 

trained chemists apiece than are similarly that afforded by the recent celebration of Ber- 

employed in the whole of this country. Thus kin’s discoveries, while the people among whom 

the Gorman goes on while the Englishman stands the discovery was made and to whom he belongs 

still. Sir William had done far more than his yearly pay enormous sums to Germany for what 

share, but since the date — 1874 — when he turned are really the products of his brain. It is our 

to other subjects, those who are so deeply in- earnest hope that the readers of the Sblf- 

debted to him have done practically nothing. Educator may have cause to regard themselves 

The inevitable consequence followed. The in- as fortunate exceptions in respect of that system 

dustry went where its profits were earned. of education in which the thoughtful mind of 

It is now a German industry, and Sir William’s Sir William* Huggins has discerned the true 

reflections on this subject in the year 1906, underlying cause of the nation’s failure to appre- 

which still finds him hale and vigorous, would ciate and to profit by the achievements of the 

probably make remarkably interesting reading. individuals w^hom it is foremost in producing 
The Warning of Sir William Huggins. Advances in Coal-tar Dyes. And 
Having drawn the reader’s attention to what now let us briefly consider the progress ot 

must surely long remain a classic instance the study of aniline during the last 30 years, 

of a national loss thoroughly well deserved. An important step in this industry was taken 

w^e make no apology for quoting a paragraph, when Hofmann discovered the nature of the 

which cannot be too widely read, from a recent coal-tar dye known as aniline red or magenta, 

presidential address delivered before the Royal which ho found to be a salt of the base now 

Society by one of the greatest men of science known as rosamline^ and manufactured from 

now living. Sir William Huggins. Referring aniline containing certain proportions of tolu- 

to the testimony given by thirteen Fellows of the idine. Hence, there are now obtained rosaniline 

Royal Society before a recent Committee of blues and violets, aniline green, and a certain pro- 

the London Technical Board, Sir William says : portion of what is called aniline yellow. Those 

“ The testimony of these expert witnesses was dyes are now used for many other purposes be- 

all but unanimous in showing that one of the sides dyeing, and their use will steadily extend, 

most obvious shortcomings affecting our national for they are, in general, superior on every ground 

industries — namely, the relatively small number to their natural rivals. Their discovery should 

of suitably trained men possessing the technical be a source of congratulation to the artist and to 

knowledge and creative skill needful for the those who are sensitive to visual beautjr, and 

improvement of our chemical, electrical, and should give such persons a friendly feebng for 

engineering industries, must be regarded as chemistry. It is not our business to discuss here 

a secondary symptom, following upon the small- the technology of the subject, which is of very 

ness of the demand for such men. Further, that great compk‘xitv, and which, under the con- 

this smallness of demand is itself the necessary ditions habitual in Germany, undergoes im- 

consequenoe of a wider and more serious state provement and advance every day. 

• Continued 
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BELTING MANUFACTURE 

Leathert Suitable for Beltmgf. Cuttinsf, Trimminsr, Shavi^, 
Buildms:, Splicing, and Joining Belts. Link Belting 


By W. S. MURPHY 


l^ANY beltmakers tan and curry the hides for 
their own use ; hut^eir processes differ in 
no way from ordinary tanni^. In general, it 
may be said that the raw material of the beltmaker 
is the finished product of the tanner and currier. 

Belt Leather. For the finer and heavier 
classes of belts, however, special hides are re- 
quired. Perhaps the best hides for heavy belts 
are those of Highland cattle, and next come the 
Shorthorns. Prom the carcase of a stout High- 
land bull you can get a hide giving about 1 in. 
of leather thickness — that is, after epidermis and 
flesh layer have come off. 

Giraffe Hides. Among the hides of wild 
animals useful for belting are the ^Its of the 
giraffe, the gnu, and the quagga — all abounding 
in British South Africa. Giraffe leather has 
great density of fibre, and stands the wear and 
tear of shifting, twisting, and sudden pulling in 
a remarkable way. 

Rawhide Belts. As shown in the table of 
tensile strengths [page 3532J, the best tannages 
are chrome, alum, and “ rawhide.” The last is 
simply the method of the backwoodsman made 
into a factory system. After being thoroughly 
dried by exposure to the air, the hide is soaked 
in pure water for fifteen days. The hair now 
comes readily off on the unhairing knife. Next 
the hide is stretched on frames, and piled one 
above the other, in a dark, well ventilated shed 
to dry again. Shaving the flesh side, the 
curriers break-over and stuff with oil. When 
seasoned, the hide is ready for being made into 
belting. We have heard, with some surprise. 



25 . TOOLS TOB TAKNBBS ASD CURBUBBS 
a. Gun-metal union for base pipe 6. Fleshing, scudding, or unhairlng beam e Setting slicker 
d Shaving beam a Tanners* hand pump /. Shaving knife g. Pit hook h Whitening or 
btifilng slicker i Graining board f Pinning beam k. Fleshing knife I Fieshinrknife for 
cleaning m. Steel for shm^iug h n. StrUtthg p|n o. Loose whitening or buffing blade for h 
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many tanners praise that method of preparing 
leather, though, if it were adopted universally, 
their occupation would be gone. One thing is 
certain — ” rawhide ” leather retains all its 
fibres and gelatinous substance unimpaired, and 
has all the natural strength and tenacity of the 
hide. 

Beltmakers as Tannera. One reason 
for BO many beltmakers undertaking tanning 
and currying as well is that overtanned 
hides are almost useless for belts, and the 
fault is not easily detected if the tanner 
chooses to do a fittle doctoring. The belt- 
maker’s tools [25] for currying are similar to 
the tools used for tanning leather for other pur- 
poses. Overtanning reduces the tensile strength 
of leather by about one half. It is the interest 
of the tanner to win the favour of a customer as 
important as the beltmaker, and he will no doubt 
do his best ; but the beltmaker naturally knows 
the need of his trade better than the tanner, and 
can seek out new kinds of hides and methods 
of tanning with greater probability of hitting 
the mark. 

Complete Belt Factory. Looking at 
it from the outside, people think of the belt- 
making trade as a very small one of limit^ 
range ; but we have quite a different opinion. 
On the one hand, the trade extends into the 
tanning, and on the other it touches on cotton 
manufacture, indiarubber, and rope-making. 
We sometimes come upon contracts which can- 
not be filled by leather belts alone. Cotton 
belts, or belts of rubber-filled canvas, may be 

absolutely es- 
sential, and 
must be pro- 
cured. If the 
profits of con- 
tract are not 
to be frittered 
away in pay- 
ing high prices 
to other manu- 
facturers for 
special work 
— prices to 
which they 
are perfectly 
entitle — the 
beltmaker 
must do his 
own weaving. 
A complete 
belt factory, 
therefore, is 
not a small 
undertaking. 





On the one side, you hare the hide sheds, lime 
pits, tan pits, and currying shops ; on the other 
are the cotton canvas looms, and in the midst 
are belt-making shops, where these materials are 
formed into the bands that carry motive power. 

Stretching. Only the most skilled work- 
men are entrusted with a main-drive belt ; but 
as we are at liberty to choose, a. 1 as the 
greater includes the less, we l take hold 
of a batch of Highland hides ai. »ring them 
ihrough to the fini‘<hed 
belt. The curriers have 
brought them to the 
drying-room, and hung 
them up ; but we mu.st 
not allow the hides to 
dry completely. As 
soon as the wetness 
has gone, the heavy 
sheets of leather must 
be strotehod. If the 
hides are taken in from 
an outside tan works, 
they are dry, of course, 
and must be softened 
and damped. Take one 
of the stretching frames 
and lay it on tlS bench. 

In structure the frame is 
very simple. The sides 
are strong wooden bat- 
tens ; at top and bottom 
a pair of screw clamps cross the frame and hold on 
to the sides by slide joints. In the centre a thick 
worm-screw runs through holes in the under 
bars of the clamps. Lay the hide, evenly damped 
throughout, in the frame, neck to the head and 
tail to the bottom ; screw the clamps firmly 
down ; turn the centre screw till the hide is 
drawn tight as the head of a drum and tighter. 
All the hides of the batch must be treated in thi 4 
way, and then loft to dry. Leather shrinks in 
the drying, and the already stretched hide is 
drawn still tighter. 

Rules to be Noted. If the stretching 
is done properly, very little trouble will arise 
on that account during the working life of the 
belt. We need hardly point to the importance 
of this. Young workers, however, sometime^s 
require the caution that “strength and ignor- 
ance ” are not the equipment of a beltmakcr. 
You may bo gifted with the strength of a young 
bull, but it is not necessary to exert the whole 
of it in stretching leather. Some judgment is 
needed as well. With such an instrument as the 
stretching frame, a strong man could rack the 
hide, but that is not the purpose of it. The 
long lever has been devised to make hard work 
a little easier. So, too, with the damping and 
dj'yiiig ; the natural force of shrinkage is called 
in, not to break the frames, but to lighten the 
stretcher’s labour. Muscles are spared in order 
to afford brain a chance. Accidents will happen, 
of course, and even the most careful workman 
will occasionally hoar the rending crash of a 
drying frame breaking under the strain ; but 
experience quickly enables the worker to unrlcr- 
utand the s^tch required by the average hide. 
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Cutting the Hide. The sole-leather 
manufacturer rejects a considerable portion of 
the hide, but we reject a good deal more. In 
fact, only about one-third of the hide is useful 
for our present 
purpose. Draw a 
line from the middle 
of each flank at the 
tail ; join these lines 
with a third across 
the inside of the fore 
shoulder, and you 
have sketched the 
butt of the belt. 
Having rut out the 
butt, let us see what 
wo have 
got. It is 
an almost 
square piece 
of heavy leather — 
about 4 ft. square — 
thinning slightly 
toward the sides, 
with a hard bank of 
thinness along the 
middle whore the 
animars backbone 
was. This back- 
bone strip should 
bi> made the centre 
of a broad belt if 
possible, Ix^cauBo it is strong and gives the bolt 
a gentle, natural curve inward, hardly porcep- 
tibl(‘ in the finished article, yet secretly effective 
in aiding the belt to cling to the pulley when 
working. 

Trimming. In the trimming-room all kinds 
of cutters are provided. Our tool, however, is a 
huge guillotine cutting machine. The blade, 
5 tt. long, i hung in the cross-beam above the 
table and between the supporting pillars. liy 
means of a gauge at the side we can mensiire 
the breadth of the cut to the thousand tli part of 
an inch. The exact size got, and the clamp 
Hcrcw<*d down, wo set the terrible* blades going, 
and it shears down through the liNithor with 
irresistible force. One side trimmed, the other 
is put in and cut to the size. 

Shaving. In spite of every care, the flesh 
hide of the leather is rough, and, of course, 
the hide varies a good deal in thieknoss all 
over. We can get rid of the roughniws and 
inequality at one time. Oylinder shaving ma- 
chines have been provided for the purfiose. ' 
Section after section of our belt, shoA^ing every 
possible variation in relative thiekness and 
roughness, is run into the machine atb*r it has 
been properly adjusU*d, and all come out from 
under the cylinder os alike as so many bullets. 
Anyone can learn to work the shaving mac'hinc. 
It is a cylinder covered with knives geared above 
an adjustable roller. Having been sot to the 
proper thickness, the machine carries the 
leather against the revolving knives, and a surface 
as smooth as glass is the result. We often hear 
of the superiority of machine over hand pro- 
d action, and this is certainly a finished piece of 
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work ; but we have seen hand Bhaving quite as 
good. A first-class workman will shave a hide 
as smoothly as any machine yet invented, and 
his hand is gentler on the leather. The machine 
is quicker and more reliable ; let the mechanic 
bo content with that. 

Hand shaving is an accomplishment that 
never comes amiss to a beltmaker ; indeed, a 
good band shaver is frequently needed in shops 
where machinery runs from basement to top 
flat. Perhaps the best place to learn how to 
handle the shaving knife is at the whitener's 
iKjnch in the currying shop. Take the broad- 
bladed knife, hold the handle with both hands, 
letting the thumbs grip on the back and the 
four fingers of each hand rest lightly on the 
blade. Setting the edge at the proper plane, you 
curve round with a sweep, reversing the curve 
at the next stroke. With careful practice a man 
can learn to shave a dry hide so smoothly that 
no line of the knife is visible. Il is good training 
for the hand and eye. 

Building the Belt. Now we go into 
the machine shop, and here the practice of 
beltmakers differs to such a degree that what 
is right in one shop 
may be held to bo 
altogether wrong in 
another. The merest 
outlines, therefoie, 
are all that can be 
given. Some belt- 
makers pride them- 
selves on having 
invented the ma- 
chines they use, and 
the new man in the shop has to le4irn a part 
of his trade over again. However, it is all 
in the way of making belts, and the building 
up of a belt is the same, whatever may be the 
way of doing it. 

First, then, having gathered our pieces from 
the cutters and trimmers, we begin to build up 
our big belt. 

Splicing. The great belts that fly round on 
the drive of a dynamo of 500 h.p. appear 
to be one single piece, but we know that is 
impossible. We have to build those long things 
up piece by piece, not one piece more than 4 ft. 
long. The homogeneity of the belt is accom- 
plished by splicing. For instance, take two 
pieces of leather, pare the ends of both to a 
thin edge in a slice of about 4 in., put them 
together, and you will find, if you have done the 
paring evenly and equally, that the two make 
no more than the thickness of the rest of the 
leather. That is splicing or skiving. We have a 
few skiving machines, all of them quite effective. 
One, the best we have seen, has a slanting table 
adjustable to any angle, and driven under a 
fixed blade. On the table the belt-piece is laid, 
and the blade shaves off a graduated strip, 
beginning at a thin edge, and rising to the thick- 
ness of the belt. To balance the Mt, and make 
all the pieces lie on a level plane, the skiving is 
cut alternately on flesh and grain side. The two 
ends of each piece are exactly half the thickness 
of the belt, extended over a graded surface, and 
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when the two are put together they make exactly 
the same bulk as the rest of the belt) 

Joining. We have many methods of 
joining the splices together, those most common 
being thread sewing, wire sewing, lacing, rivet- 
ing, and cementing. For single belts, the 
breadth of which is one piece, we prefer cement- 
ing. It makes the neatest job, and lasts as 
well as any. 

Many beltmakers have patent cements of their 
own, the composition of which they jealously 
keep secret, but many good reemes are the 
common property of the trade. The following 
are representative and reliable : 

1. Soak in water just sufficient to cover 
them, for ten hours, equal parts of common glue 
and isinglass ; gradually bring to the boil, 
adding tannin extract till the whole takes on a 

a consistency. Apply the cement to the 
y spliced surfaces, join, and clamp them 
firmly together. 

2. Gutta-percha dissolved to the consistency 
of syrup in bisulphide of carbon makes a strong 
cement. In applying, first fill up the pores 
of the leather with the mixture cold. Heat the 
cement, cover both 
surfaces, join to- 
gether, and hammer 
the joint till it ha« 
become firm and 
coH. 

3. Mix ten parts 
of bisulphide of 
carbon with one of 
oil and turpentine ; 
put in as much 
gutta-percha as will make the liquid thick 
when it has dissolved. When ready, the cement 
is a slowly flowing mixture. Before applying 
this cement, however, it is necessary to clear 
the surface of the leather from grease. Steep 
a cloth in strong ammonia, lav it on the piece to 
be joined, and run it over with a hot iron. Coat 
the cement over both sid^s of the joint, join, 
and put under the press. 

Stitching. All the other methods of 
joining splicings require that holes be bored in 
the leather. When sewn on the machine [25], the 
needle does the perforation in the fittest way. 
Up till very recently, the idea of applying a 
sewing machine to a belt wider than six inches' 
was regarded as preposterous ; but now we see 
machines joining belts nearly thirty inches 
broad. Before stitching, either by hand or 
machine, it is advisable to channel the course 
of the sewing, so as to protect the threads from 
friction 

Lacing. If lacing be considered the best 
way of joining a belt, another point comes 
into prominence. We Ought, rather, to say two 
points — namely, the piercing of the holes and the 
pattern thereof [28]. Punching holes is alto- 
gether discredited, because the force of the punch 
bruises the leather round the holes, and drilling 
is now generally adopted. The holes should be 
drilled perfectly round, and in a V shape, slightly 
angled. By adopting this shape, you never 
have more than one hole in the same line across 
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nhe belt. This spreads the lacing over the 
belt and gives a nrin grip. 

Riratlag. Extra broad belts require 
to be built together like the sides of a ship, 
and here, as there, the rivet is the only sure 
binder. Riveting calls for a system of splicing 
of its own. Instead of a broad, graduated band, 
you make a narrow flange, little broader than the 
rivet-hole. There are many riveting machines 
in use, and hundreds of different makes of rivets 
on the market. The ideal rivet is round, 
with a broad, thin washer. It must always 
be remembered that the pull of a belt is lengtli- 
wiso, and corners or points on rivets will break 
into the leather in spite of the most ingenious 
safeguards. 

Link Belts. 

Between the swift- 
ly running pulley 
and the driving 
belt there is always 
a cushion of air. 

In narrow belts 
this mattered 
little, but when 
wo began to put 
(m bolts six feet up 
to ten fe(‘t broad, 
the air - cushion 
became a decided 
nuisance und(‘r 
certain conditions, 
notably when swift 
drives w(^r(i on. 

To make a per- 
forated belt was 
to weaken it enor- 
mously. Nature 
seemed to have put 
a barrier across the 
beltmaker’s path 
of progress, say- 
ing, “ Thus far, 
and no further.” 

But it occurred to 
one beltmaker and 
another — for no 
one has a mono- 
poly of the idea — 
that a link or 
chain belt would 
solve the difficulty 
[27]. Moreover, the beltmaker has a lot of offal, 
that goes into the glue-pot. By adopting th<‘ 
link idea, we at once have a new form of belt 
and a means of using up our scraps. Scrap 
leather, it must be said, is good leather, bul 
simply too small for forming a belt out of. The 
making of link bolts is a new and important 
branch of the trade, and highly interesting. 

Making Link Belts. First, the pieces 
of scrap, of a proper thickness, are put under 
the die-cutter and cut to size. Next, the pieces 
are soaked in warm water, and then put under 
the hydraulic press in a mould. When the 


pieces come out, they are as hard as iron. Now 
they are put under the drills, and two rivet- 
holes bored in each. It is obvious that we 
can build up any size of belt wo like out 
of these pieces, just as you can make 
any breadth of chain by putting links together. 
The method of building up these belts is simple 
and ingenious. One piece forms the centre, 
and to each end of this two pieces are riveted. 
Each of those joined pieces has a rivet-hole 
free, into which another pair of links can bo fixed. 
The end pieces are half- links, with only one 
hole, thus giving a flat surface at the finish, 
and a complete belt. 

We ha^T(‘ purposely left out of account the 
numerous kinds of 
small belts made, 
b e e a use the 
greaU^r, in this 
case, includes the 
less. If you can 
make a bolt for 
the main drive, 
the small machine 
belts will give you 
no trouble. 

Loom Pickers. 
Before the link 
belts were thought 
of, the beltmaker 
had found a cer- 
tain kind of outlet 
for his offal in 
making engine- 
washers, loom- 
piekers, and other 
wares of that kind. 
It was for these 
purposes, indeed, 
that the die-cutters 
and hydraulic 
j)resBe8 were intro- 
duc(*d to a largo 
extent into tho belt 
factory. Loom- 
jiickers n^quire to 
be light, hard, and 
of firm consistency. 
CWcfully soloctcd, 
the* leather for tho 
pickers is st(*eped 
in oil, cut to shape 
in the die-cutter, and pressc'd. The pieces an? 
ceim*nted or riveted togetlu*!*. 

Washers. By a process similar, water- 
proof washers for water engin(H*rs of all grades 
are made, from the rings of the huge* hydraulic 
ram to the washers of the domestic wat(*r-tap. 

Standing, as tho beltmaker does, as a helper 
of many industries, ho set's opportunities of 
uHofulnesH and profit hidden from other workers 
in leather. Most of us hold the faith that 
“ There is nothing like leather,” but we have 
not all an equal opportunity of making practical 
recommendation of our faith. 
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HEALTH 

BAD FOOD AND GOOD AIR 

8 

Milk. Cream. Butter. Cheese. Flour. Bread. Meat Poultry. 

Cotitiuued from 
IMa«3602 

Fish. Condiments. Jam. Beverages. Air and its Impurities 


By Dr. A. T. 

V|7E shall here only touch upon those adultera- 
tions connected with our food or drink, 
and that only with extreme brevity ; for we 
regret to say that the subject is so large and 
complex that a whole book could be filled 
with it. The difficulty is to find a single article 
of commerce that is not liable to adulteration. 

Milk. There are three principal ways in 
which this is adulterated — as a rule, by the milk 
retailer. Adulteration is not so much practised 
by the wholesale dealer, for according to the 
report of the Local Government Board, only 17 
per 1,000 samples are condemned in the whole- 
sale trade to 12.*) per 1,000 in the retail. 

These three ways, are by adding water, by 
removing cream, and by adding drug.4. 

Water. When water is added, the specific 
gravity is lowered. That of milk is 1*029 ; as a 
rule, some cream is removed at the same time 
and the specific gravity is thus raised, so that 
milk can be made very poor, and yet the lacto- 
meter will show the right gravity. A further 
test is needed. The total, which must be found 
by evaporation, should then be 12 per cent, of 
milk, of which 3*5 should be fat, leaving 8*5 solids 
not fat. If, then, solids are less than 8*5, water is 
added. For instance, if there are only 7*0 per 
inc) V 7 

cent., then or 82*35 is really milk, show- 

0*5 

ing 17 p(T cent, of water has been added, and the 
use of the lactometer and evaporation togetlier 
will always detect the double fraud. 

Chaijc. This is not now added to milk, but 
carbonate of soda, salt, l)oracic acid, salicylic 
acid, annatto, glycerine, formaldehyde, naphthol, 
starch, germs and dirt are put in it. 

Most of these drugs, some of which are powerful 
irritants, are added to prevent decomposition, 
and the worst is that each person through whose 
hands the milk passes may add a little, so that 
the total amount is serious. For instance, it is 
not uncommon to find a drachm of boric acid 
(60 grains) in a gallon of milk ; the full medicinal 
dose of which is 5 to 15 grains. 

Annatto. This is a yellow colouring matter 
which makes poor milk and cream look richer. 

Glycerine. Tnis is detected by the excessive 
sweetness of the solids. 

Perhaps, as a whole, the most deleterious 
substances added are those which are the result 
of carelessness rather than intention — filth of 
every description. We are entering fully into 
this in dealing with food in infancy, and there- 
fore shall only say that in nearly every case it 
consists of some form of excreta from farmyard 
sweepings, in addition to ordinary dirt. The 
one remedy is to purchase milk only from those 
dairies which are inspected, and which make 
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a special point of delivering pure milk. We 
must not name them, and can only say that 
every householder should be sure that the milk 
that is used is pure. 

Cream and Butter. Cream is often 
thickened with gelatine and starch, coloured and 
preserved with drugs. Taste and smell should 
be guides in testing butter. According to analysis, 
it is generally sold pure, for out of 4,329 samples 
examined in London, only 321 were found 
adulterated. But this report is not wholly 
reliable ; for it is impossible to discriminate 
margarine adulteration by analysis. In Holland, 
a very special form of margarine is scientifically 
prepared, and 10 per cent, of it can be mixed 
with butter without any fear of evidence that 
could result in a conviction. Room-hvUer or 
cream -butter is as special an article in Holland 
as hiene-honig (bee honey) is in Switzerland, 
adulteration being so common. 

Besides margarine, water is added. Good 
butter has about 2 ounces of water in the pound ; 
but bad butter, in 16 ounces, has often 6 oz. of 
water, 1 J oz. of margarine, and J oz. of suet and 
drugs — not a desirable compound. In one 
pound of butter, 94 grains of boric acid is some- 
times used, equal to nearly 10 medicinal doses. 

Cheese. Cheese should be moist, with a 
smooth rind. A rich cheese has bulging sides, 
a poor milk cheese has straight sides. Cheese 
is adulterated in many ways ; starch is added to 
increase weight, and margarine may be added 
to milk cheeses to make them richer. 

Flour. Flour is largely adulterated, besides 
being made from inferior and diseased grain. 

Inferior kinds are generally of a bad colour, 
but by the addition of chlorine and ozonised air 
these can be made snow white, so that their 
imperfection is almost impossible of detection. 

Fortunately, this diagram shows that each 



STARCH GRAINS 
1. Wheat Starch 2. Pea Flour 

4. Potato Starch 6. Oat Starch 

Starch 7. Rice Starch 8. Tapioca Starch 
9. Halze Starch 10. Sago Starch 

variety of starch has a different shaped grain, 
so that each one can readily be recognised with 
the microscope. The adulteration, tnerefore, of 






flour with inferior starches (rice, potatoes, etc.) 
is easily detected Other flours are similarly 
adulterated besides wheat flour, such as sago, 
arrowroot. Arrowroot, being expensive, is ex- 
tensively adulterated with potato starch ; indeed, 
“ Engliw arrowroot ” consists entirely of this. 

Bread. Bread is adulterated with alum, 
but not so much so as formerly. If there be 
over 10 grains in a 4 lb. loaf, there is adultera- 
tion. This is readily detected by a solution of 
haemotoxylin and ammonia, which turns bread 
pink ; but if there be alum, it turns blue. 

Meat. Meat, fowl and fish are not, of course, 
adulterated ; but much that is inferior, diseased 
or stale is still sold. We give, therefore, a few 
liints to help in securing wholesome food. [See 
also “A Marketing Guide,” HotrsBKBKPiNG, 
page 1227.1 It is not easy to distinguish the 
Ixjst foreign meat killed in England from home- 
grown and home-fed beef and mutton. Frozen 
meat, or, as it is sent now, refrigerated meat 
(that is, cooled, but not frozen) is quite good and 
wliolesome. The principal difference bctwinm it 
and Iresh meat is in the flavour, which is 
never so good in the case of meat which has 
been kept on ice. Bat the difference in price is 
so great that it is far bettor for those who are 
really poor to buy the lK»st foreign meat than 
any other. To a certain extent, the following 
remarks apply to this sort of meat, though they 
are really descriptive of home-killed meat. 

Stale or bad meat looks flabby, spongy, and 
whitish ; the eyes of the animal are sunk and 
the kidneys arc bad ; the fat is yellow and there 
IS very little of it. 

In buying meat, always choose it yourself ; 
see it weighed, and pay for it at the time, and 
thus save not less than 20 per cent. Deal, it 
possible, with one respectable butcher ; or you 
may buy the home-killed beef from one, and 
frozen mutton from another, for frozen mutton 
is in better condition than frozen beef. 

Beef. Prime ox beef has an open grain, is of 
a carnation colour, and marbled with streaks of 
fat. The fat should be white. Cow beef looks 
paler and the grain is closer. If the meat is 
dark red and the fat skinny, it is too old. If 
It rises quickly upon pressure by the thumb, it is 
prime meat ; if not, it is poor. 

Mutton. Prime mutton, if large, is probably 
Sussex or Scotch ; if small, Dartmoor or Welsh. 
The latter is darker and leaner, the former jialcr 
and fatter. The meat should be firm and dost - 
grained, and the more fat, the primer the meat. 
Good meat does not shrink much in cooking, 
and does not gape wide open when cut. 

Vbal and Lamb. Never buy very young veal 
or lamb. Veal should be two months old at 
least, and the flesh dry, not clammy. Lamb 
should be small, pale red and fat. 

Pork. Pork is best with a thin rind. Buy 
only from a dealer you can trust, as it is often 
diseased. The meat should not be flabby or 
clammy, but the fat hard and the lean nearly 
white. The pressure of the thumb on the rind 
should leave a dent or mark. 

Bacon. Bacon should be fat, clear, and not 
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stroake<l with yellow. Ihe flesh should adhere 
closely to the bone. 

Poultry. As a rule, fowls and turkeys 
are very digestible, but ducks and geese, which 
are fatty, do not suit everyone. 

Fowls. In buying fowls, choose male birds. 
If young, they have smooth logs and short, soft 
spurs ; the feet bend, the eyes are full and bright. 
Never buy a fowl turning blue or with stiff feet, 
and a cock with a sharp spur is too old. Young 
birds have transparent, unwrinkled skins. 
Dorking fowls are considered the best. 

Young gebsb have yellow feet; old ones have 
red. 

Ducks should have the breast-bone soft and 
gristly, and the feathers unformed. 

Turkeys should have a smooth skin and no 
spur. 

Fish . When buying a fish, see that it is short , 
thick, w'dl mode, with bright scales, and stiff 
and springy to the touch. The gills should be 
fresh and rod, and the belly firm. If the gills 
are not bright and of a fresh red, the fish is un- 
eatable. Be sure and clean fish os soon as ever 
you can, and especially remove the livers, as if 
they are left in, the oil from the liver will soak 
into the flesh and make the fish taste very rancid. 

(^OD is in l^est condition from November to 
March. The flesh should rise again when pressed 
by the finger, and not leave a dent. 

Eels should, if possible, be bought alive and 
killed by dividing the spine just behind the head. 
Fresh water eels are the best, and silver cols 
better ihan dark ones. 

Fix)unders are rather watery, but very 
(heap. The best are the plain dark grey ones, 
without red spots. They should Iw firm and stiff. 

Haddocks are very good, nutritious and cheap, 
and when bought fresh are most delicious. 

Herrings and Mackerel should be bought 
very frc«h, not the least faded or wrinkled, or 
pliable in the tail, but stiff and springy. 

Salmon, like all other fish, may b(» judged by 
the gills, eyes, Bcal(‘s and general stjffn(‘Hs. 
When fresh, it has a curd l>etween the flakes. 
After a day or two, this melts, and the fish 
becomes nem'r and more indigestible. 

In buying Sole, choose small ones for frying, 
and large ones for boiling. 

1 URBOT are b(*st when of moderate or small si/xi ; 
large ones are more waBory. llie flesh should 
be firm, white, plump and creamy. This fish 
will, if bought fresh, keep two or three days 

Plaice arc very similar to turbot, only not so 
firm. 

WiiiTiNO should be cleaned all over. They are 
the lightest fish to eat when fresh, and very 
wholesome. 

Codling are often sold for whiting, but they 
are not nearly as good. They can bo distin- 
guished from whiting by their beards. 

Lobsters and Crabs should be chosen by 
their weight in proportion to their size. The 
heavier they are the lietU^r. 

Fish kept on ice loses its flavour, though it may 
be quite fresh. It is worth while finding out 
when the fishmonger receives his fish, and making 
the purchase then. Be very careful in buying 
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dried fish. If it be not properly cip^ed, parts 
soon become bad, and may cause serious disease. 

Condiments. To return now to definite 
adulteration of food. 

Pepper is adulterated with husks, ground olive 
stones, rice, rape seed, bone dust, etc. Olive 
oil is sometimes half cotton-seed oil. 

Mustard is often largely wheat and pea flour, 
cayenne, plaster of Paris and clay. 

ricKLEs are coloured with chlorophyll (harm- 
less). 

Vinegar is adulterated with dilute sulphuric 
acid (vitriol), acetic acid, and caramel. Lemon 
juice has added to it sulphuric acid, tartaric 
acid and water. 

Sweets have various substances added. If 
the colour is soluble it is probably harmless. 

Jairi • The adulteration of jam is still exten- 
sive, and consists largely of caiTots, turnips, 
vegetable marrow refuse, apples, and glucose, 
which we must always remember is liable to 
contain arsenic (as seen some years ago in the 
epidemic poisoning in Manchester from beer so 
adulterated). 

Jams are also adulterated in other wfiyH, 
Seeds to imitate raspberry seeds are most 
ingeniously made by a special machine which 
turns them out in enormous quantities from pine 
wood. Most of these additions are, however, 
practically harmless. 

Honey is adulterated with glucose, and 
Golden Syrup with starch and glucose. 

Beverages. Turning to beverages, we find 
these arc frequently adulterated 

Tea, though no longer faced in green tea with 
poisonous salts of copper, is still largely adulter- 
ated with tea sweepings, old used re-dried leaves, 
and sometimes clay, lime, or sand, to give weight. 
Other leaves, such as currant, are sometimes 
added. Formerly sloe and willow leaves were used. 

Coffee is much adulterated with chicory, some- 
times up to 80 per cent., or even more. One- 
ninth of the coffee and onc-sixth of the cocoa 
examined in London were found to be adulter- 
ated — coffee with chicory, roasted wheat, 
potato flour, acorns, date stones, beans and 
maize. 

Chicory is tho dried and pounded root of a 
plant, and contains no caffeiinj. It is injurious 
in quantities, and has many bad after-effects ; 
but the taste in England is so vitiated that 
coffee is often preferred with about 30 per cent, 
of chicory added, while “ French Coffee ” often 
has 75 per cent, of chicory, and is sold at about 
half the price of coffee ; 5 per cent, of chicory 
is not injurious. Under the microscope, coffee 
has small angular cells, those of chicory lieing 
large and oval. In water, chicory sinks and 
colours it, while coffee floats and does not. 

Cocoa is adulterated with sugar, starch, brick 
dust, Venetian red, and peroxide of iron, etc. 
Sometimes half the fat is removed, which makes 
it easier of digestion. 

Spirits. Alcoholic beverages ore particularly 
open to adulteration. 

Brandy, when first distilled, Is colourless, like 
gin, but darkens with age, and is often coloured 
with burnt sugar. Other adulterants are chiefly 
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water, cayenne pepper and acetic ether. Much 
of the brandy sold, as we have pointed out, owes 
nothing to the grape at all. A recipe for artificial 
brandy is to add to every 100 pints bf proof spirit 

lb. of argol, some bruised Fronch plums, and a 
quart of Cognac. The distilled mixture has the 
acetic ether, tannin and sugar added. 

Whisky is adulterated in the same way as 
brandy, but is also often prepared from potatoes 
mashm up with malted barley and roughly dis- 
tilled and burnt to give it a smoky flavour. 

Rum is often fraudulently made from malt or 
molasses spirit, with a flavouring made of butter, 
distilled with sulphuric acid and alcohol. This 
imitates the pineapple. 

Gin in England, besides juniper berries, has 
often oil of turpentine added to it. It is largely 
adulterated with water, which makes it cloudy ; 
it is cleared with alum and sugar of lead ; sugar 
and cayenne pepper are then added. It is the 
most adulterated spirit sold. 

Wines offer an extensive field to the adultera- 
tor. They are generally adulterated by added 
spirit, artificial colouring, plastering and fancy 
naming. “ Plastering ” is adding mineral 
acids or salts to the wine, and particularly 
gypsum or Spanish earth. This sulphate of 
lime clears the wine, makes it look brilliant, and 
changes the tartaric into sulphuric acid. The 
object is to make the wine dry. 

In cheap wine, aniline dyes, logwood, cochi- 
neal, etc., are added for colour. Many imitation 
ports, sherries and other wines are made in 
England, sold for a few pence a bottle wholesale, 
and retailed as foreign wines. British wines are 
are not made from grape juice at all. 

Many wines are also artificially made in 
Hamburg and elsewhere, ports and sherries from 
fusel oil, and champagne from rhubarb, apples, 
etc. German stiU wines are artificially aerated. 

Beer being now legal if not mode trom malt and 
hops, cannot be said to be adulterated even when 
mode from quassia, gentian, calumba, and other 
bitters. Formerly beer was much adulterated ; 
now, except when the materials arc themselves 
adulterated, as in glucose, containing arsenic, 
the chief adulterants are water, salt and alum. 
If the salt amount to over 10 grains per gallon 
the beer is adulterated. 

GOOD AIR 

Tlie atmosphere is the vapour or gaseous 
covering of the globe, on which life depends. 
It extends everywhere up to a height of 40 miles. 

We, on the surface of the earth, are indeed 
moving about on the bod of a vast air ocean, 
40 miles deep, and the pressure of this enormous 
mass is so great that it is equal to 15 lb. on 
every sauaro inch of surface. Our bodies, there- 
fore, ana everything around us arc naturally and 
instinctively constructed to stand this great pres- 
sure, which, boing equal on all sides, is not per- 
ceived. The force of it is seen at once when it 
can only press on one side of a body, as, for 
instance, on the outside of a glass l)ell from which 
all the air inside has beon removed. The bell is 
then pressed to the table by the weight of air, so 
that it cannot be moved. It is probable that 
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the air ocean is even deeper than 40 miles, for 
there must be some oxygen at any rate much 
further than that distance, since meteors burst 
into combustion at 200 miles from the earth. 

What Air la* We will first of all consider 
what air is, and then examine the various im- 
purities with which it is adulterated ; they are 
so numerous that it is quite likely that many 
that have drunk pure water have never yet 
breathed pure air. The air we commonly meet 
with has as many ingredients as soup. If wo 
want to breathe pure air such as we are going 
to describe, we must go to the top of some moun- 
tain over 10,000 ft. high, letting no one come 
with us to contaminate the air. We must face 
the wind, and then we can inspire pure air. 
In no part of this country is such air to be found. 

Air is a mixture and not a compound like water. 
In the latter, two gases are chemically com- 
pounded and form a liquid. In air two gases are 
intermixed like sugar and sand, and merely form 
a mixture of gases without chemical change. 

By volume air is one-fifth oxygen and four- 
fifths nitrogen ; or per cent., oxygen 20*9, 
nitrogen 79*1, and carbonic acid gas (COg) *04. 
By weight the percentage is oxygen 23, nitrogen 
77, and oarlionic acid gas ’06. There arc also 
small amounts of other gases and water vapour 
in pure air. 

Conatituenta of Air. The gases found 
in air are nitrogen, oxygen and carbonic acid gas 
(carbon dioxide). 

Nitbooen. This is an inert gas used in air 
simply to dilute the too fiery oxygon. It cannot 
support combustion or life as a gas, and yet as 
a cnemioal element in combination it is an 
absolute essential of all life. It used to be called 
“ azot ” — i c., without life, and yet there is no 
organism on earth that can exist without it as 
an essential food. Nitrogen mt'ans the birth 
giver or the mother of nitre or saltjietre. 

It is readily separated from the air by passing 
air over red hot copper, which absorbs all the 
oxygen and leaves the nitrogen. 

OxYOEN. Oxygen in the air varies very 
slightly in amount. On the most breezy moor 
there is 20*98 per cent., or very nearly 21 per 
cent. ; in the closest house there is 20*87 per 
( ent. On a high mountain the oxygen is loss 
than on a moor, because there is no vegetation. 

Ozone. Oxygen, again, is of at least three 
qualities. There is the ordinary oxygen found 
everywhere ; then there is a concentrated form 
called ozone, formed by electricity and the action 
of the sea water and seaweed round the coasts. 
This is extremely vitalising, and has a pene- 
trating smell. One part of ozone in 2,500,000 
parts of air can be detected by the smell There 
is most ozone at night, in the winter, on high 
ground, round the coast, in the country, after 
thunderstorms, and with a west wind ; there 
is none normally in towns or room**. The 
most that ever occurs is one part to 700,000 
of air. It is to this chiefly that the benefit 
of the sea air is due. Then there is expired 
oxygen that has been breathed and re-brcathed, 
found in crowded resorts. Town air, though 
it contains the same proportion of oxygen 


as moor air, is devitalised, because the air 
is not of the same quality. Air is purified 
and ozonised by electricity, hence the literal 
truth of the expression that a thunder-storm 
“ clears the air,’^ and the peculiar fresh feeling 
of town air after one. 

Carbonic Acid Gas (carbon dioxide). If the 
amount of carbonic acid gas in air docs not exceed 
4 parts in every 10,000 — that is, *04 per cent. — 
the air is not accounted impure. It generally 
varies in pure air from *02 to *04 per cent. 

Water Vapour. This is present in all 
but pure desert air in the dry season, and is 
necessary for life. The cooler the air the less 
water vapour will it hold. The greatest amount 
it can retain in proportion to the temperature is as 
follows in grains of water to cubic feet of air : 

Air Water * Air Water 

30 cub. ft. 2 gr. 70 cub, ft. 8 gr. 
40 cub. ft. 3gr. 80 cub. ft. Hgr. 

50 cub. ft. 4 gr. 90 cub. ft, 15 gr, 

60 cub. ft. 6 gr. 100 cub. ft. 20 gr. 

Air saturated with water vapour from 30® to 
40° feels very chilly and caw ; at 60° saturated 
air is comfortable ; at 100°, as in hothouses, it 
is close and heavy. The most comfortable 
amount is from 1 to 1^ per cent, of water (in 
the form of vapour) in the air, or from 50° to 
75° of saturation. 

Properties of Air. The chief properties 
of air are three in number, weight, expansion 
and diffvMon. To the first we have already 
alluded, and have shown that the pressure of 
to miles of air equals 15 lb. to the square 
inch on the earth’s surface. This pressure is 
sufficient to support a column of mercury in a 
J in. tube 30 in. high, forming a barometer, by 
which the varying pressure of the air is measured. 
Fifteen pounds to the square inch is one ton to 
the square foot ; and as the surface of the body 
is 16 sq. ft , the pressure on each person amounts 
to 16 tons, and yet it is not felt. 

Th(* weight vanes according to moisture and 
temperature. Air gets lighter as it gets warmer 
and wetter, and under those conditions the 
barometer falls. 

If there were no expansion of air the separate 
gases, of which air is composed, would all lie in 
layers om‘ above another, the lightest at the top 
This would be the water vapour, then would 
come the nitrogen, then the oxygen, and at tlu* 
bottom, next the earth, all the carbonic acid 
gas, COo. This would moan death. Again, 
if there were no diffusion, by which one ga^ 
rapidly changes place with anothtT, there would 
be no uniformity in the composition of the air, 
as it is by this law that the carbonic acid gas in 
the blood rapidly changes place with the oxygon 
in the lungs, and th<‘ carbonic acid gas formed in 
a town is rapidly removed to the country to bo 
absorbed by plants. On this property again 
life depends. 

So far, then, we have given a brief sketch 
of air in its pure and normal state. We will now 
consider the numerous impurities with which all 
the air wo use is really more or less mingled. 

Need of Purity. There are two points 
to notice about air regarded os human fc»od. 
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One is that, unlike all other food, 'which can be 
selected of the greatest purity and best quality 
from all parts of the 'world, we are compeUed by 
an inexorable law of nature to use that air 
that is just in front of our mouths, however 
foul and poisonous it may be. The other is 
that where pure air is most wanted — that is, 
in cities — it is always most diffioult to find, 
because the very men who need it themselves 
poison it. It is curious to think that seventeen 
times every minute pure air is a vital necessity, 
and yet that seventeen times a minute we are 
pouring poison into it. This is exactly similar 
to pouring our sewage into our well of drinking 
water. Tn air, however, impurity is unavoidable, 
and to mitigate the evil effects the science of 
ventilation has sprung up. With this we shall 
be concerned later. At present we will briefly 
consider what the impurities are, before seeing 
Jiow best to remove them. 

Impurities are of three classes ; gases, organic 
particles, and inorganic particles. 

Gaseous Impurities. These are ammonia, 
nitrous oxide, excess of CO.^, carbonic oxide, 
sulphuretted hydrogen, marsh gas and sul- 
phuric a^id. 

Ammonia. This arises from all decaying 
organic matter. The amount in the air is gene- 
rally about 3 parts in 10,000,000. Rain washes 
it out of the air together with manj- other im- 
purities. 

Nitrous Oxide. This is formed from electricity 
after thunder, and also from decomposing 
animal matter. 

Excess of CO.j. The excess occurs in all indoor 
air and in much town air. It has been found as 
follows : 


Place Excess 

National School (Leicester) -2 per cent. 

Public Library -2 per cent. 

Assize Court (Manchester) -19 per cent. 

Strand Theatre *1 per cent. 

Bed-room at night 19 per cent. 

Barracks 05 per cent. 

Manchester Station 04 per cent. 

Mine in Cornwall '78 per cent. 

Convict Prison 1*0 per cent 

Tt occurs in excess in mineral water factories. 
In London streets it seldom rises above normal — 
viz , -04 per cent. When pure, COo is fatal if it 
amounts to 7*5 per cent., while 1*5 per cent, 
produces giddmess and fainting. Anything 
below rO per cent, produces no immediate 
effect on health. CO^ is a narcotic and pro 
duces deep sleep, hence one often sleeps better 
(if used to it) in a close un ventilated room, 
through being half poisoned with COj,. 

It is well to remember that CO.^ is heavier than 
air, and therefore always tends to lie on the 
floor ; hence, the advantage of a bedstead, and 
the danger of sleeping on the floor in a close 


room. Its weight can be showii by pouring some 
into a thin paper box balanced on a scale or on 
to a light paper overshot wheel, which it will 
cause to revolve. The reason one hears so much 
of it as an impurity is because air containing 
4 per cent, breathed out 17 times a minute by 
every human being is laden 'with organic particles 
which are more injurious than the COg itself. 
This poisonous organic vapour clings to walls and 
clothes, and loaves a room slowly. The COg 
itself is easy to remove, for it diffuses rapidly ; 
but the organic matter is difficult to remove, for 
it is not a gas. We may state here that the 
extreme limits of foul air found in frequented 
resorts have been as regards deficiency of 
oxygen 20*6 per cent, in an old courthouse, 
and, for excess of COg, *7 per cent, in a crowded 
school-room. This amount is, however, very ra^e. 

Carbonic Oxide (CO) Tnis is a far more 
deadly product, but is fortunately muen rarer. It 
arises generally from unbum t gas, red hot cast- 
iron stoves, and charcoal stoves. Even ‘007 per 
cent, is quite unpleasant in the air, while *05 
per cent, (the common quantity of CO.j in the 
air) is fatal. Even *01 per cent, has exused 
death. At an old church at Ambleside, 800 
persons were poisoned by it from a heated iron 
atove. It is formed wherever combustion goes 
on in clo.se air, and is without smell or taste. 

Marsh Gas. This is practically harmless. 

Kulphuretted Hydrogen. This is a 8(‘wer gas. 

Sulphurous Acid. Wo find this in the com- 
bustion of coal in close places such as under- 
ground railways. It is a powerful disinfectant. 

Organic Particles. These include pollen 
from flowers, skin cells, pus cells, bits of insects, 
germs of all sorts, hair, wood, flax, wool, cotton, 
paper, silk, starch, manure, vegetable cells, 
seeds of all sorts, and other organic refuse. The 
skin cells are in innumerable millions, being east 
off the body of each individual daily as dust, 
and then constantly inhaled. Pollen produces 
hay fever. Germs are very numerous, and are 
either harmful or harmless. In I.<ondon air it is 
computed that some 14,000 a^e inhaled by each 
person every hour, and all are retained in the 
body, for the expired air contains none. When 
we consider this fact and think of all the filth 
\^ith which the air is laden, there is surely a strong 
argument in favour of breathing through the 
nose. All inspiration should be so conducted, 
and then not a single germ enters the lung and 
no filthy impurities enter the mouth and defile 
it. No clean person who knows of what dust 
consists can breathe town air through the mouth 
on a windy day. The manure and dust in the 
streets and tlic disgusting germs connected with 
it are so common in London air, that during 
an investigation a sliort time ago there was not 
a single specimen of milk from the smaller dairies 
in London that was not swarming with them. 


Continued 


3720 



FLIES. BEES, AND ANTS 

The Life Histories of Insects— continued. Flies and Fleas. Mosquitoes 
and Gnats, Wood-wasi>8. Saw-flies. Gall-flies. Bees. Wasps. Ants 


Group 23 

NATURAL 

HISTORY 


coutinitcd fiotn 


By Professor J. R. AINSWORTH DAVIS 


Insects — continued 

8 Flies and Fleas. This enormous 
assemblage of insects, most of which are small 
or even minute, includes many species that have 
earned an undesirable reputation as blood-suckers 
and pests. Except in fleas and a few others, 
such as sheep-ticks, there are only two mem- 
branous wings, for the hinder pair of these 
organs have been reduced to vestiges (balancers), 
which serve as sensory structures. The mouth 
parts of the female are very often piercing 
and sucking organs of great efficiency, the first 

and second jaws being in the form 

of slendtT lancets protected above 
and below by the upper and under | 
lip respectively [461]. But in 
other types, such as the houso-fly 
{Mvsea domestica), the jaws are 
modified into a proboscis used for 
sucking juices, and devoid of 
pow'ers of perforation [460]. 

The life-history exhibits a well- 
marked metamorphosis, which may 
be illustrated by reference to the 
blow-flies (CalUphora) or the house- 
fly [469]. Tlie elongated whitish 
eggs (“fly-blows*’) are laid in 
animal substances, such as meat, 
and hatch out into limbless mag- 
gots of extreme voracity. After 
growing to a certain size, these 
become quiescent ovoid pupse en- 
closed in firm investments, from 
which the adult flies ultimately 
make their escape. 

Hessian flies are minute forms, 
of which the larvae greatly damage 
grain crops, while the fungus flies 
are also very small, and lay their 
eggs in fungi, as these constitute 
the food of the young. The little 
maggots which riddle mushrooms 
are of this nature The larva* of ^ 
some of these flies (tSciara) are d /. Older lar 
known in the Northern Hemisphere 
os “army worms,” because millions ^ 
of them may sometimes be seen migrating from 
place to place, aggregated into writhing, snake- 
like masses by means of sticky threads. 

Mosquitoes and Gnats. These [♦Ml 
are particularly notable for the blood sucking 
propensities of the female. The larvse are little 
worm-like creatures which may be seen wriggling 
about in stagnant water, and possess a breathing 
tube at the tip of the tail, that can be pushed 
above the surface to procure air. The pupa 
floats at the surface, with two breathing tubes 
projecting from its head. If alarmed, it is able 


469. UPB HISTOEY OP 
THE HOUSE-FLY 
(7. EgffH ft, c. Yonnpr larva* 
d /. Older larva* g-~%. pup.!* 
j AdulU 

(Photo by Prof. B. H. Bentley) 


to dive. After a time the pupal skin opens, and 
the perfect insect makes its way out. 

Agents of Disease. Some tropical mos- 
quitoes disseminate the germs of such diseases 
as malarial fever and sleeping sickness. Wholesale 
destruction of the early stages, by pouring pet- 
roleum on the surface of the stagnant water in 
which they live, has been employed with groat 
suceess at Havana as a preventive measure 
against yellow fever and malaria. 

Midges are very minute gnats, of which the 
aquatic larva* are known as blood-worms. 

Crane-flies are familiar to us in the 
persons of daddy ]onglogs(Tiptda), 
well ad^ted for climbing among 
grass. The larvae (leather-jackets) 
gnaw the roots of grasses, and 
become pupa* in the ground [sec 
AGRKnTLTUBE, page 1667]. Sand- 
flies are small gnats of unusually 
bloodthirsty disposition ; their 
larva* are acjuatic. 

Voracious Flies. In the 
flies so far described the antenna: 
are long, but in the others now 
to b<* mentioned they are short. 
Of these the breeze-flies or gad- 
flies possess powerful piercing 
mouth -parts, with which they tor- 
ment both stock and human beings. 
A wt‘ll-known species is the long 
brown clegg {HmnaJtopota phi- 
viaUa), often met with in woods. 
In some trojiical kinds the jaws 
are of enormous length ( 462 J 
R()bbt*r-flies are voracious and 
insatiable forms wliieh firey upon 
other insects, even wasps, dragon- 
flies, and tiger-beetles being among 
th(‘ir victims. 

Hover-flies are swift and elegant 
JSTORY OP insects which havi* alr(*ady be<*n 
.‘yourk larva, mentioned m connection with 
p g—i. Pupci* flowers. Some of th(*m closely 
V resemble bees in app(*arancc, and 
d,-Henl.ed ns a 
cose of protective miniiciy. The larva* of 
some well-known sjiccies {ErinUilis) aic called 
“ rat-tailed maggots, ’ and live in liquid filth 
The “tail ’ is in reality h bi<‘athing tube. Other 
larva* (Volurflla) inhabit the nests of boos and 
was])s, and probably act as scavengers. Housc*- 
flies, blow-flics, and many others make up yet 
another family. The dreaded tscts(*-fly {GlosHirui 
morsUaiih), so fatal to horses in parts of South 
Africa, belongs here [see PlaU* facing jiagt* ]. 
Germs of the fly-sickness (Nngami) are intro- 
duced into the blood of the vjetiins. The 
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bot-flies have been de- 
scribed and illustrated 
on pages 2626 and 2627 
in the course on Agri- 
culture. 

Fleas. Fleas [463] 
are -wingless members 
of the order, and their 
agility fully compen- 
sates for the loss of the 
power of flight. There 
are many species infest- 
ing different mammals 
and birds. The femaU*-* 
of the tiny sand-flean. 
or chiggers {Sarropsylla 
penetrans) of tropical 


apparatus, with two strong blades 
that serve as augers for perforat- 
ing the trunks of sickly or felled 
pine-trees. The eggs laid in the 
holes thus made hatch out into 
wood-eating larva?. The life- 
history is somewhat prolonged, 
and the perfect insects have been 
known to escape from wooden bloodsucking 
f limit urc after the lapse of si*veral 
years. 
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America deposit their pggs in the feet of human 
beings (or other animals), and unless the pain- 
ful swellings thus brought about are carefully 
treated they are apt to fester dangerously. 
IVobably the slang expression, “You be 
jiggered! ” is an invocation to this unpleasant 
insect. 

9. Membrane-winged Insects. The.H‘ 
constitute a vastly numerous group, including, 
among many others, ants, bees and wasps, 
the most intelligent of their kind. They 
are readily recognised by the presence of 
four transparent wings traversed 
by a comparatively small number 
of veins, the hinder ones being 
much smaller than the others, to 
which they are in many instances 
attachiod during flight by means of a row 
(>f minute hooks. The posterior end of 
the body in the female is commonly 
provided with a iiicreing apparatus, which 
may either serve for boring holes, in long-beaked 
which eggs are laid, in which case it is gad-fly 
called an “ ovipositor,” or may have been 
modified into a poisoned sting, useful for offence 
and defence. The conspicuous black and yellow, 
or black and rod bands, of wasps and bees are 
“warning colours,” indicating their stinging 
powers. 

The larv® either resemble caterpillars, or aie 
pale, helpless maggots, devoid of limbs, for the 
welfare of which' more or less elaborate pro- 
visions are made by the mother insect. I^ater 
on, a quiescent pupa stage is reached, from which 
the wmged adult ultimately emerges. The 
highest members of the order live in communities 
comprising several castes, as 
in termites. These include 
males, perf^oct females 
(queens), and one or more 
kinds of imperfect female 
workers (soldiers). 

Wood » wasps. These 
insects somewhat resemble 
wasps in appearance, except 
that they do not possess the 
characteristic “ waist ” and 
sting. The giant wood- wasp 
[see Plate facing page 3361] is a 
typical species, in which the 
female has a powerful boring 
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msects [465] the female possesses 
an ovipositor, consisting of two elegant curved 
saw-edged blades, slid mg on supports. The larva* 
somewhat resemble little caterpillars, and are 
notorious insect -pests. Rose- trees and currant- 
bushes are commonly attacked by some of our 
native species, uhile others devai^tato the turnip 
crop. 

Gall-flies. These are minute black 
insects, the females of which are provided witli 
slender ovipositors, used in pieremg soft vege- 
table* tissues, tor egg-laying purposes. A kind 
of irritation is set up, resulting m the growth 
of an abnormal swelling known as a “ gall,” 
within -w'hieh the larva lives and feeds 
The oak tret' is particularly liable to such 
attacks, and is victimised by a large num- 
ber of species. The most 
familiar ease is afforded by the 
spherical brown Ixidiss known 
as “ oak-apples,” while other 
common oak-galls look like 
currants, or circular brown scales 
(“ oak-spangles ”) on the backs of the 
leaves. The curious tufted red swellings 
(bedegiiars) often seen on wild rose- 
bushes, are of similar nature. 

Ichneumon Flies. These flies 
[sec Plate] make up a host of mostly 
inconspicuous little creatures, which go far to 
cheek the ravages of vegetarian insects, and are 
therefore among the most valuable friends of the 
farmer, market gardener, and forester. Their eggs 
are laid near, on, or in the immature stages of 
other insects, tlie juices of which arc absorbed by 
the larvae. The caterpillars and even eggs of 
butterflies and moths are favourite objects of 
attack, while the destructive plant lice (aphides) 
come in for a good deal of attention [467]. Some 
of tlic larger kinds check the ravages of the larva? 
of w ood-wEisps, piercing infested timber with their 
powerful ovipositors [468]. In 
this way they are able to de- 
posit their eggs in the galleries 
of the wood-wasp larvae, to 
which their oto larva* attach 
themselves on hatching out. 
One of "our native gall-flies 
actually makes its way under 
water for the purpose of at- 
tacking caddis worms. 

Bees. These familiar in- 
sects construct cells of various 
materials in which they lay 
their eggs, and devote most 
of their time to feeding and 




oaring fpr the heljJleBs larvae. Some are solitary 
forma, but between these and the complex com- 
munities of humble bees and honey bees there 

are various in- 
termediate 
stages. Their 
dependence 
upon the pol- 
len and nectar 
of flowers has 
been elsewhere 
consi dered, 
but it will be 
well to remem- 
ber that their 
structure has 
been pro- 
foundly modi- 
fied in relation 
to their 
peculiar diet. 

Carpenter 
Beea* These 
are large and 
handsome in- 
sects which 
build their 
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nests in dry wood. After biting out an entrance, 
tlie female constructs three or four parallel tunnels, 
each of which is divided into a number of cells 
separated by partitions (jonstructed of sawdust 
cemented togv^thor with saliva. 

Each cell contains an egg, to- 
gether with a store of food. 

Carder Beea. These bees 
make their cells in ready-made 
hollows, sometimes using empty 
snail shells for the purpose. The 
material employed consists of 
down from the stems and leaves 
of various plants. This is skil- 
fully w'oven into the cell walla, 
cement being added to prevent 
the stored honey leaking out. 

Leaf « cutting Bees. 

These neat in various hollows, 
walling-in their cells with pieces 
of leaves glued together. One 
species native to this country workers a. 
employs the scarlet petals of 
the poppy in this sort of up- 
holstery work. 

Mason Bees. Mason bees have been studied 
with painstaking care in the South of Prf ' ^e, 
and the following are a few of the details ob- 
served. A flat stone having been selected as a 
foundation, the first cell is made of earth worked 
into a kind of mortar with 
saliva. This is then stored 
with honey and pollen 
mixed together into a sort 
of sweet paste ; an egg is 
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vex in shape, and about half the size of an 
average orange. 

Cuckoo Bees. Like their namesakes among 
the birds, cuckoo 
bees liave ac- 
quired the vicious 
habit of taking 
advantage of the 
industry of some 
of their allies for 
the benefit of 
their progeny. 

One such form 
{Stelis mintUa) 
victimises 
another bee (Os- 
mia leucomelana)^ 
which constructs 
its cells in black- 
berry stems. The intruder lays an egg in the 
midst of the provisions stored in each such cell, 
and as the destitute alien is the first to hatch 
out, it grows more rapidly than the lawful owner. 
Ultimately tlie two larva? meet, that of the cuckoo 
beo killing and devouring its opponent. 

Gregarious Bees. Helping to explain 
the origin of communal life among bees are 
certain case.8 — e.g.^ Halictus — where a number of 
femahis undertake a certain amount of work for 
the common good, excavating a branching tunnel 
in the ground, with an entrance and vestibule 
used by ail. But each indi- 
vidual constructs, stores, and 
finally lays her eggs in cells as 
an entirely independent task. 
A comparison may almost be 
made with a series of flats 
opening upon a common stair* 
case, and with one front door 
between them. And just as 
in such a congeries of human 
dwellings an individual em- 
ployed by all may be responsi- 
ble for front door and staircase, 
so among these particular bein 
466. HONEY BEE Sentinel is set at tlw' entrance 

a, Worker brood (covered) ft. Drone imw id to the burrow. In what man- 
(covered) c. prone brnnl (imcoveiud) functionary is ap- 

d. Diataatd comb e. Ouecii /. Diono . . , . . i i ^ 

If, Workers A. Larvaj aim pupro oMvoi kers pointed remains to be shown. 
k. Larvw and pupa of droiiea f. Worker Humble-bee S. (See 

collB m. ConimeiiciiiKComb n. Drone cells 1 TBpho 

(Photograph by Prof. B. 11. Bentley) ^ •’*>*’*• I ^ 

common bees arc large, som<*- 
what clumsy -looking insects which liv<* in (*om- 
munities including workcis or imperfect f(*iiu»Jcs 
_ as well as ordinary 

members of tin* two 
sexi's. Th(‘ nc*Hts are 
construi ted in holes 
in tic* ground or 
oilier sheltered 
places, and the es- 
tabiishmcnt of 
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Other cells are now 
added, to the number of eight or nine, 
and the whole is covered with mortar and 
amall stones. The completed nest is con- 


BORING WOOD 


the labours of a 
foundress queen in early summer. SJu* mak(*.s 
a number of waxen cells, stores them with 
honey and pollen, and afterwards feeds the larva* 
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when they have devoured these provisions. 
From the first (and several other) batches of 
larvsB workers are chiefly produced, which under- 
take the constructive and nursing work, until 
at last the queen has 
nothing to do but lay 
eggs. Males and other 
queens are reared from 
some of the eggs laid in 
late summer and early 
autumn. 

The brood-cells difTcr 
in size according to the 
destiny of their occu- 
pants, the smallest being 
‘ designed for workers, and 
the largest for queens. 

Pollen and honey are 
stored in special recep- 
tacles known as pollen- 
tubs and honey-tubs. 

Living in the nest of a 
luimble - bee {Bombus), 
and on good terms witli 




469. HEAD OF WORKER 
WITH PROBOSCIS EX- 
TENDED (FRONT VIEW) 


a. Fceleis h. Compound 
the members of tho com- jawi 

munity, are to be found /. .second jaws g. Toukuc 
individuals belonging to 

a related genus {P,vthyriifi). These construct 
their cells in association with those of their hosts, 
and steal the honey and pollen wliich these have 
stored up for their own benefit. 

One species of humble-bee, at least (Bomhus 
rv (J erafit 8)f is 
known to ajqioint 
a “trum))eter,” 
which wakes up 
the community at 
three or four 
o’clock in the 
morning. 

The Honey- 
bees. The honey- 
bees (Ajna) are so 
well known that it 
will be unnecessary 
to say much about 
their habits, espec- 
ially as details 'u ill 
be found in the 

course on Bee-Keeping. A community consists 
of a single queen, the motlier of all the remaining 
individuals, a large numl)er of workers, and 
numerous drones, or males [466]. The cells are 
of different sizes, as with humble-bees, and eggs 
that would otherwise give , , . a.i.humDiL 
rise to workers may be 
made to produce queens 
by feeding the larvje which 
hatch from them with more 
stimulating diet, and as- 
signing them largo “ royal 

cells.” OdytieniHrenlfoniiU 

Structure of Honey- 478. nests of soutary wasps (in section) third legs is the liiature of 
bees. Many of the points «• Suspended eggs of wasp h. Stored caterpUlars the joint between shin and 
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eyes by which objects at a distance can be 
perceived [469]. There is a well -developed 
sense of colour, and flowers which specially lay 
themselves out to attract bees are mostly of 
blue or purple hue. Bees 
have al^ a keen sense of 
smell, which not only 
attracts them to franant 
flowers, but also helps 
them to detect the pre- 
sence of nectar. 

The .mouth-parts of 
the bee are highly speci- 
alised [470]. The power- 
ful first jaws (mandibles) 
are used in the constme- 
tion of the comb, and for 
470. JAWS OF WORKER ^ Variety of other 

SPREAD OUT purples, 

a. First jaws h. Second socond and third jaws 
jaws c. United third are drawn out into a long 
jaws d. longue suctorial and licking ap- 

paratus. The basal part of tins constitutes a tube 
through which nectar or other sweet fluids can be 
sucked up, while its terminal portion is a sort of 
tongue (ligiUa) that can be inserted into the re- 
cesses of flowers. This [470] is worked up and 
down so as to bring nectar within the tubular 
part of the apparatus. The end of the tongue 
is expanded into a sort of lappet for licking, and 
the sliarp blades of the second jaws can be used 
for piercing certain flowers, such as orchids, which 

contain 
sweet sap. 
When not 
in action, 
the suc- 
torial parts 
of tho 
mouth are 
folded up 
on the un- 
der side of 
the head, 
enabling 
the first 
jaws to 
work freely. 
There are 

marked differences between the three pairs of 
legs of a worker-bee. The first are provi(fed with 
combs, by which the delicate antennse are 
cleaned [471], while the third [472] are chiefly 
remarkable for peculiar pollen-brushes on the 
feet, and a depression or “ pollen basket ” on 
the outer side of the shin. The haiiy feet brush 
pollen into the baskets, and 
when of dry nature, a little 
honey is ejected from the 
mouth on to tho grains, so 
as to stick them together. 
Euiiifiifx Another peculiarity of the 



Outer shle Inner Bide 
472. THIRD LEG OF WORKER 
0. i’ollen basket h Pollen brush 
c. Wax pincers 


in the structure of the honey-bee fit it for 
the performance of its complex activities. 
Upon the head there are two large compound 
eyes, used for near vision, and three small simple 
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foot, which constitutes a sort of pincers useful in 
m anipulating wax. The wax used in constructing 
combs is secreted in the form of little plates by 
glands opening on the under-side of the abdomen. 
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Solita^ WasfMft. Wasps, like bees, are 
cither solitary or social^ and it is only in the 
latter that workers exist. 

Solitary wasps construct small nests of clay 
and little stones, or else make burrows. They 
possess the curious habit of storing up 
immature — for example, caterpillars — or mature 
insects, or even spiders, for the benefit of 
their larvae when these hatch 
out 1478 ] The kind of victim 
depends upon the species of the 
wasp concerned, but in any cfl.se 
it 18 killed or paralysed by 
stinging. 

Social Waspa. Social 
wasps somewhat resemble social 
bees in their habits, but their 
building material instead of being 
wax is a kind of paper made of 
chewed wood mixed up with 
saliva. In some instances, the 
nest is suspended from a bush or 
tree, as in the example figured 
[474 and 475 ], and is provided 
with a kind of overhanging roof 
by which rain is drained off. In 
our commonest native species 
( Vespa vulgaris), an underground 
site is chosen, and a series of 
combs constructed from above 
downwards, the whole being enclosed in severfll 
layers of wasp-paper. Adjacent combs are held 
together by little pillars [ 470 ]. 

The young are at first fed upon fruit -juice, 
nectar, and other vegetable matter, for which 
a more stimulating diet of chewed insects is 
afterwards subst it u ted. 

The hornet ( Vespa craliro) [see 
Plate facing page 3361] is a 
social wasp which commonly nests 
in hollow trees. 

Ants. These familiar and in- 
telligent diminutive creatures are 
perhaps the most interesting of 
all insects, owing to the extraor- 
dinary way in which they have 
become adapted to a great 
variety of modes of life. All are 
social, and a community typically 
consisis of males, females, workers 
(of one or more kinds), and, it 
may be, soldiers. The two first 
are generally provided with wings, 
though those of the female are 
soon shed, but exceptions to this 
occur, and some species may 
have both winged and wingless 
individuals of one sex or the other. 

The first pair of jaws (mandibles) 
are well or even excessively developed, and 
possess unusually free powers of movement in 
accordance with the varied functions they have* 
to perform. In many cases, the females (includ- 
ing the workers) arc provided with a sting. 

Ants hatch out as helpless limbless larvae, 
which have to be fed and carefully attended, 
either by the fertile females or the workers, as 
the case may be. Feeding is rather a curious 



474 . HANGING NEST OF 
HERMIT WASP 


b. Entrance 



476 . HANGING NEST OP 
HERMIT WASP 

Cut open fiom lielow to show comb 
(FhotofU'apbs liy prof. B. H. Bentley) 


affair, for the nurse possesses a sort of pouch 
(crop) connected with her gullet, and this is 
used as a store from which nutriment can be 
squeezed up into the mouth. Adults can 
fe^ one another in the same way. as also the 
little beetles and other insects which are often 
found as guents in their oommunities. 

The wandering ants that are to be found 
in the tropics are of highly car- 
nivorous habit, and move about 
in large armies, devouring every- 
thing of animal nature that comes 
in thoir way. The fact that they 
are blind, or practically so, does 
not seem to interfere with their 
devastations. Some of these 
forms (EciUm) ore common in the 
hotter parts of South America, 
while others, the “ driver ” ants 
(Anomma), are well known in 
Africa, where criminals, it is said, 
are sometimes tied up in their 
path, to perish miserably, if 
speedily. 

Robber Ants. Ants which 
steal the supplies of other species 
belonging to their own family 
are not infrequent. The brown 
meadow ant ( Formica fusca), 
that occupies subterranean dwell- 
ings, is subjected to the unwelcome attentions 
of a smaller species {Solenopsis fttgax) living 
in narrow galleries [ 484 ] communicating with the 
broader ones of its host, which is unable to 
follow the depredators into their fastnesses. 

If the walls of our houses were riddled with 
galleries inhabited by a pigmy 
race of marauders the situation 
would be a similar one, supposing 
our intelligence were not sufficient 
to tackle effectively the problem 
of protection. 

Slavers and Slaves. 

Rome of the ants have anticijiated 
human malpractices in the way 
of slaving by pressing weaker 
species of their kind into un- 
merited captivity. In one fami- 
liar instance the relatively large 
oppressor {Polyergus rufescens) is 
of reddish colour and well en- 
dowed in the matter of jaws 
[ 480 ], while the enslavi^d species 
( Formica jusca) is small and dark. 
Regular slave raids arc mad<* 
from time to time, when, after a 
stubborn resistance, the pupae 
and older larva* of the weaker 
form are carried away to lead a 
life of liondage, to which, indeed, they take 
very kindly. This kmd of social economy has 
indeed become an absolute necessity to the 
slavers, which have quite lost the power of feed- 
ing their own young, while some such species 
cannot feed themselves. 

A most extraordinary state of things occurs 
in the cose of a small kind of ant (AnergaJtes) 
which possesses no workers of its own, but lives 
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within the communities of another species 
(Tetramorium ccespitosum) entirely made up of 
workers. What has become of me males and 
females of the host under such 
circumstances is not definitely 
known. 

Cow- Keeping Ants. Some 
ants, such as the little black species 
{Lasius niger) common in gardens, 
use as part of their food a sweet 
Iluid that exudes from plant lice 
(aphides), 
and keep 

— thest^ in- sbctiok of common 

^ sects as wasp’s nest 

wA Rrouud ft. Entrance 

Covering of wttsp-pnper a. Conilw 

k 1 n e 

[477J. The captives are 
fed, sheltered, and jealously guarded. Fenced 
enclosures are construcUd for them on plants 
in the vicinity of the nest, 



477. ANT MILKING 
PLANT-LOUSE 


barley grains to germinate to a certain extent until 
the contained starch is converted into malt-sugar, 
when the process is arrested by scalding. In 
similar fashion ants permit ger- 
mination to go on to a certain 
point, and then kill the seedling.^ 
by biting away the little shoots and 
roots. In 
this way a 
supply of 
the sweet 
food they 
love is 
secured. 

Among the 
most inter- 
esting of 
ants are leaf-cutting forms 
(Atta) n&tive to tropical America. 



478. GUEST -BEETLE 
OP ANTS BEIN(J FED 
AND CLEANED BY 
TWO WORK Ells 


479. 


with which they are connected 
by covered roads. During 
winter, the fragile eggs of the 
plant lice are taken under- 
ground and sedulously cared 
for. 

Honey-pot Ante. 

There are certain ants (ilf//r- 
mecocystuN) native to the 
United States and Mexico, 
and others (Plagiolepis) found 
in South Africa, which have 
adopted a remarkable method 
of storing surplus honey that 
may have been collected. 

C’ertain individuals remain in 
the nest and play the part 
of living “honey-pots,” su al- 
lowing the sweet fluid that is 
administiTed to them until 
their distended crops dilate the abdomen to an 
enormous sr/e f485J. It is supposed that the 
members of the community are able to 
draw from this store when necessary. 

Harvesters. In Europe, North 
Africa and North America, a number 
of ants are known that construct 
extensive under- 
ground dwellings, 
in which they 
store seeds of vari- 
ous kinds. 

Some of the 
American speci<*s 
(Pogon omyrmex) 
may be even said 
to winnow their 
grain, for they care- 
fully strip off the 
husks and deposit 
these on rubbish-heaps outside the nest. 

Maltsters and Mushroom 
Growers. Some of the seed-storing 
ants almost deserve the name of 
maltsters on account of the way they 
deal with their harvest. The human 
method of making malt is to allow the 
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480. HEAD OP 
SLAVER ANT 



482 

a. FUNGUS GAR- 
DEN OP ANTS 
h, TOADSTOOLS 
PRODUCED 
NATURALLY BY 
FUNGUS 


They are asso 
ciated in huge communities occupying compk‘-\ 
underground dwellings, th 
sites of which are marked by 
mounds that may measure as 
much as 40 yards round. The 
chii'f food consists of a kind of 
fungus (RozUes govgi/hphora), 
cultivated on bits of leaf, and 
treab'^d in such a way that 
little white swellings arc pro- 
duced [482J. It is these that 
the ants desire. 

The chief duty of one set of 
workers is to collect the piece'- 
of loaf required. To facilitab* 
their operations, roads, largely 
underground, are constructed, 
which lead to suitable trees, 
and may l>e as much as 20 
yards long, or more. C^urved 
pieces of leaf are bitten out 
and carried back to the nc'^t, 
where th^y are handed over to anotlu'r set ot 
workers, by them to be reduc(*d to smaller frag- 
ments and 
made into 
mushroom 
lH*ds. 

Something 
has been 
already said 
about plants ' 
which are in 
possession of 
body-guards 
of ants, for 
w'hich both 
food and 
shelter are 

provided by 481. hanging garden op a 
the rest of the south American ant 

com munity. 

Such plants are often more or less modified 
as an adaptation to this curious kind of 
mutual benefit association. A well-known 
instance is afforded by the bull’s horn 
acacia of Brazil, the large hollow^ thorns of 
this being inhabited by the guardian ants, 
for w'hich a special kind of fo^ is provided 
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in the form of nutritions ** food bodies ” — ^namely, 
little swellings on the tips of the leaves. The 
aoaoia benefits by this arrangement, for the ants 
keep of! leaf -cutting insects. Certain small birds 
have also learned to build in the branches of this 
acacia, the ant-guards of which prevent the 
visits of monkeys and other enemies. 

Some South American trees (Cecropia) also 
maint ain ant-guards {Azteca) that live within 
their hollow stems, in each joint of which there 
is a little round pit, serving as a ready-made 
front door to the dwelling provided. At the base 
of each leaf-stalk there is a swelling covered 
with brown hairs, between which grow little 
“ food bodies ’’ for the benefit of the ants. 

In some of the East Indian ant plants thei'e is 
a basal swelling [488], traversed by a labyrinth 
of passages in which the attendant insects find 
a commodious dwelling. These passages are 
formed naturally and not excavated by the ants 
themselves. Some such plants are flower-bearing 
species, while others are ferns. 

Homes of Antn. It will already have been 
gathered that ants live in dwellings of the most 
varied kind, many being underground. In a 
large number of species ant-hills are constructed 
of various loose materials, our common native 
wood-ant {Formica rufa) being a good example 
of this. An Asiatic ant (Oecophylla) constructs a 
summer-house of leaves in a curious fashion. 
The larva possesses silk-glands from which a 
sticky fluid exudes, hardening quickly on exposure 
to the air. Advantage of 
this is taken by the workers, 
for they hold larvfe in their 
jaws, and employ them as 
living gum-bottles, while the 
leaf ^ges to be cemented are 
held in position by other 
workers. 

Hanging Nests and 
Gardens. Some of the 
South American ants con- 
struct hanging nests in trees 
[479], by which protection 
against floods is secured. OtluT ants in the same 
part of the world make curious homes which 
well deserve the name of “hanging gardens,” for 
they are mainly constructed of living plants, some 
of which have never been found in any other 
situation [481]. llie plants are cultivaU*d and 
tended by the ants with which they are asso- 
ciated. The soldiers of certain ants (CohhopHis) 

which tunnel out 
homes in the 
wood of trees 
play the part of 
living front- 
doors. Every en- 
trance to the 
n(*st is guarded 
by one (^f these? 
hall-porters, its 
huge head not 
only exactly fill- 
resembling the 
If this curious 
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486. HONEY-POT ANT 

ing the aperture, but closely 
adjacent bark in appearance. 
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door be touched by a bit of stick or a feather, it 
remains shut, but is immediately opened when 
stroked by the antennae of a worker. 

Ant Guentn and 
Aaaociatea, Not only 
may ants of two or more 
kinds be associated togetlier 
in the same dwelling, but 
a nest may also be tenanted I 
by peculiar species of beetles 
(and other insects), spiders, 
mites, or other creatures. 

Many of these, especially 
the beetles, are fed [478] and 
oared for by the ants, some 
of them for the sake of a 
substance which exudes 
from their bodies, others, 
perhaps, to serve as pets. 

The beetle - grubs are 
looked aft'T as well as th* 
adults, at least in the case 
of certain blind 8i)ecieH. 1 1 
is probable, too, that some of these guests per- 
form tlu' duties of scavengers. 

Harboured Thieves. On the other 
hand, certain nmt -beetles not only steal food 
from the ants, but also devour their young. 
There can ho no doubt that those curious 
U’lsociations are very ancient ones, for many 
species of beetle are found nowhere else. A kind 
of bristle-tail that lives in ants’ nests is a thief 
pure and simple. It has 
been seen to steal the drops 
of honey being passed from 
the mouth of one worker to 
another, afterwards retreat- 
ing at full speed for fc'or of 
unpleasant consequences. 

The (jommon red ant 
(Myrmica rubra) shelters 
and k^eds a curious kind of 
blind mite, which lives on 
the bodies of its hosts. By 
stroking its enfertamers with 
its legs it makes known its need of nutriment, and 
bueh requests an? never refused. Not imjiossibly 
some return may be made for these gooti offices, 
but, if so, their nature is so far entirely unknown. 

One of th(* Indian ants [i^irm rufo-nigra) lives 
on the bark of trees with a species of wasp 
(Rhinojma rufveornia) and a kind of sfiider 
(SaUicus), both of which closely resemble it in 
appearance. The three associates appear to be 
good friends, while wasp and ant sometimes 
engage in a friendly wrestle. 

Meana of Communication. The com- 
plex life ot an ants’ nest is a striking instance of 
order among appartmt disorder. Each of the 
innumerable individuals discharges its sjiccial 
tasks without hesitation, unless unusual circum- 
stances pnive a hindrance. It would seem, 
therefore, that there must be some means by 
which one ant can convey information to others. 
When two meet they frequently stroke one 
another with their feelers, and "this perhaps 
serves the purpose of language. 


484. ROBBER ANT 
h, Fcnialti r. Worker d Pait 
jt iR8t (in Hcctiun) ; the lohlieiR live iii the 
narrow paHHUKcs 
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PHYSICS THE MYSTERY OF COLOUR 

^ What Colour is. Why the Sky is Blue, The Dust and the Sunset. 

Contlnmd front The Spectrum. The Mind and Colour. Vision. Colour-blindness 

pimo .%2o 


By Dr. C. W. SALEEBY 


know what colour is essentially — that 
it is precisely comparable to pitch in 
sound, and that one pure colour differs from 
another, if the complications introduced by our 
seeing apparatus be ignored, neither more nor 
less than red differs from the infra-red heat 
rays, or F from G. 

How Colour is Made. Colour is a mat* 
ter of wave length and of frequency of vibra- 
tion. The onward speed of all forms of light 
is the same. Indeed, we have seen that this 
speed is one end the same for ethereal vibra- 
tions in general, and not merely for the octave 
we call light ; but the factor of time enters in an 
entirely different way into our study of light. 
For though red and violet light both pass onwards 
at the same speed, the vibrations constituting the 
first occur at the rate of four hundred billions 
(400 millions of millions) per second, while those 
constituting the latter are about twice as fre- 
quent. There is a due proportion between wav(‘ 
length and frequency, so that as the wave length 
becomes shorter the frequency of the vibrations 
increases. It is when we think in terms of 
frequency per second that we recognise, moat 
c’ompletely, the precise parallelism between 
colour and pitch. We turn now to a further 
study of colour as dependent upon the relation 
between ethereal waves and material matter ; 
and also as dependent upon the peculiarities of 
our retinae. The analogy with soimd will help 
us no longer, but we shall be helped, in some 
measure, by our previous study of Radiant Heat. 

Why Red is Red. It was a saying 
of St. Augustine’s that light is the queen 
of colours. We may read a modern meaning 
into this if we consider the reason why a piece 
of red glass appears red. So long as no light is 
allowed to fall upon or pass through the glass 
it has no colour, but is as black as everything 
else about it. Its redness, then, dei)end8 u{K)n 
the manner in which it acts on the light which 
it receives. White light is the queen of colours 
because it contains all the colours, and a piece 
of ced glass is red because it transmits the red 
elements in white light, but is opaque to all the 
others. Why it should be transparent to red. 
but opaque to everything else, is a further 
question which we can make no attempt what- 
ever to answer. If the reader will consider it 
for a moment, he will see how difficult it is, and 
how entirely it depends upon an adequate 
knowledge of the nature of matter itself. 

Meanwhile, we must content ourselves wdth 
the empirical unexplained fact that certain kinds 
of matter have certain relations to ethereal 
waves of certain lengths. The explanation of 
the redness of a red object is thus only partial, 
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but it is unquestionably true as far as it goes ; 
and it applies alike to bodies which are red by 
transmitted light and those which are red by 
reflected light. A piece of red * paper is red 
because it absorbs all the constituents of the 
white light which falls upon it, except the red 
w^hich It reflects. 

These assertions can easily be proved by 
experiment upon the spectrum. We find that a 
piece of red glass redui^es the spectrum of whit(» 
light to its rod elements, cutting off the others, 
w'hilc a piece of red paper appears red in the 
red part of the spectrum, but black everywhere 
else — because it is compelled to absorb all light 
except red. 

What Makes the Sky Blue ? It is this 
principle of selection which explains many of 
the most glorious colours of Nature. If we ignore, 
as we may, the stars, nebulae and comets, and 
the moon and planets that gain their light from 
the sun, then all the colours of the skv and sea 
and land are to bo referred to the white light 
of the sun. Why, then, should the sky be blue ? 
This subject was very carefully studied by 
Professor Tyndall, who showed, now about forty 
years ago, that the explanation is to be found in 
the presence of excessively fine particles that 
float in the atmosphere and, because they are 
so fine, scatter light of very short wave lengths, 
W'hile allowing light of longer wave lengths to 
pass through. Doubtlass there is a certain 
amount of scattering of all the rays, but the 
short blue waves are much more scattered than 
the others, and thus endow the sky with its blue 
colour. It is a somewhat prosaic explanation 
of the spendid colour which we associate with the 
firmament, that it is due merely to minute 
particles of “ dust ” in our atmosphere — the 
total thickness of which, of course, as compared 
with celestial distances, is infinitesimal. 

How the Dust Paints the Sunset. 
Reference has already been made to the 
peculiar shape presented by the sun when it is 
very near the horizon. It is now our business 
to explain the magnificent colouring which 
we sec at sunrise and at sunset. The light 
leaving the sun is white at all times. What, 
then, is the reason of the apparent redness of 
the sun when it is near the horizon, and of the 
colouring that is produced around it ? The 
answer is that when the sun is near the horizon, 
and the rays are piercing the atmosphere very 
obliquely in order to reach our eyes, its light is 
affected much more by the particles in our 
atmosphere than when the sun is overhead — 
since it encounters more on its way. As must 
be, the blue rays are especially scattered, and it 
is by the red rays especially that we see the sim 
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at such times. Every Londoner is familiar with 
the fact that the presence of an exceptional 
amount of dust in the atmosphere on a foggy 
day similarly afteots the appearance of the sun. 
Indeed, it may be said that the sun is never 
white in London, but is yellow even at noonday. 
It has recently been noted by M. Rodin, the 
great French sculptor, that Ix>ndoners are 
fortunate in the magnificent effects of colour 
which their sky often yields them. This is some 
compensation, but a very inadequate one, for 
the filthy and health-destroying fashion in 
which we bum our coal. Lastly, it may l>e 
noted that whenever a large amount of volcanic 
dust is thrown into the atmosphere exception- 
ally brilliant and magnificent sunsets are 
observed. This was the case after the eruption 
of Krakatoa, the eruption at Martinique, and 
the recent eruption of Vesuvius. 

The Spectrum. Wc now turn to a sub- 
ject which is on the borderland between 
physics and psychology, and whieli can never 
be properly understood unless wo are careful 
constantly to distmguish between the phe- 
nomena which have a physical or objective 
explanation and those which have a psycho- 
logical or subjective explanation. Let us begin, 
first of all, with the physical. 

It is the physical fact that the light which wo 
(‘all white can be decomposed into a spectrum. 
It is also, as might be expected, the fact that 
the various colours thus decomposed can bo 
rc-composed or combined so as to form white 
light again. This can bo done by throwing the 
spectrum on to a series of mirrors, so placed 
that they all throw the light falling upon thc'm 
on the same spot on a dark screen. TIk^ spot 
reflecting to the eye simultaneously this mixture 
of rays will ap|)ear white. Various other means 
will produce the same result, provided that, as 
in this case, not only arc all the nec<*ssary colours 
present, but they are presemt in the proportions 
in which they exist in white light. Now, if we 
manipulate our apparatus so as to prevent tlu* 
gr<*en constituent of the light from falling upon 
the screen, we shall find that the illuminatt^d 
part of the screen is no longer white, but red ; 
or, if the yellow constituent of the light- be inter- 
fered with, the spot will appear blue. The 
relation between such colon i*s as blu<) and 
yellow which, taken together, form white light — 
so far as our eyes are concerned — is ex- 
pressed by the word com'plementary. This means 
that if white light bo taken as full light, blue 
fills up yellow to that fulness (Latin p/co, I fill). 

The Absorption of Light. We must 
distinguish very carefully, however, between the 
behaviour of lights of complementary colours, 
such as blue and yellow, and pigments of corre- 
sponding colours. If blue and yellow lights are 
mixed together, the result is white light, but, 
as everyone knows, if blue and yellow paint arc 
mixed together, the result is not white paint, but 
green paint. For the moment this may appear 
paradoxical, but it will seem so no longer if we 
think more carefully of the difference between 
the two oases. In the case of the paints, their 
colour depends solely, as we have ilready seen. 


upon the colour of the light which they are not 
able to absorb. The light which cannot be 
absorbed by blue paint, but is reflected by it, 
is green, blue, and violet. Similarly, yellow 
paint reflects merely red, yellow, and green. 
This is as much as to say that when the two 
paints are mixed, the only colour which they 
cannot absorb between them is green, and hence 
that is the colour of the mixture. 

A simple device will show the difference 
between mixing blue and yellow paints and blue 
and yellow lights. The latter can easily bo done 
by any of many methods, and the result is the 
production of a white or grey light. 

Colour Impreaaiona on the Eye. 
Newton began the study of this subject by 
a very simple and effective method, “ the 
use of rotating discs which quickly super- 
pose on the same area of retina different 
impressions of colour.” Newton gave precise 
directions for the size of the seven sectors 
bearing the seven colours, from red to violet, 
whi(‘h were to bo painted on a disc of cardboard, 
so that, when the disc was rapidly rotated, it 
appeared to be of a uniform grey, approaching 
more and more to whiteness in proportion to 
the strength of the light by whicn it was illu- 
minated. (flerk-Maxwell had the excellent idea 
of applying Newton’s colour disc so as to make 
a colour-top. This is simply a flat top of a size 
suitable for holding a number of coloured discs, 
made with a hole at the centre so that they can 
slip over the handle of the top. Each disc has a 
slit in it, BO that various pairs of discs may be 
fitted into one another, simultaneously exposing 
various pairs of colours in any proportions that 
may be desired. Then the desired result is 
obtained as soon as the top is rapidly spun. As 
the top rotates more slowly, the retina becomes 
unable to re^^ain the Huecessive impn^ssions long 
enough for their ( ombination, and thus suo- 
eessive flashes of colour are scon. 

Deceiving the Eye. There arc various ways 
in which the retina may be deceived so that the 
Honsations of complementary colours are sub- 
jectively produced. Thus, alter looking at a rod 
spot very fixedly for a few seconds, one sees a 
gnra spot of .similar size when one turns the eye 
to a white surface. The explanation of this 
extremely interesting though familiar fact is that 
the retina has refused to respond to tlie red con- 
stituent of the white light which is sent to it from 
a white surface, and so interprets the white lisht 
as green. Wo may possibly discern some furtner 
explanation of this when we turn to colour 
vision. Complementary colour sensations may 
also be prcKliicod subjectively by what are called 
Gorhams discs, and by various other meth(}da. 
In all such cases the explanation is beyond the 
n*ach of pure physics, and must be sought in the 
facts of colour vision. 

In another respect, also, the retina may be 
deceived. It interprets as simply yellow light two 
entirely distinct forms of external stimulus. 
The yellow light which, as we have seen, is given 
out by sodium, is a pure mono-chromatic yellow, 
all consisting of vibrations of one and the same 
length. But various other colours may be so 
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artfully mixed that when their combination is 
Rubmitted to the eye it interpretn them also as 
yellow. In other words, the eye has no power 
whatever of distinguishing between a pure 
colour and a mixed colour. 

The Brain and Colour Sensations. 

The explanation of these subjective colour sensa- 
tions, as also the discussion of the circumstances in 
which they are aroused, is of the utmost interest 
in relation to painting and the kindred arts. 
There is some evidence to show that these comple- 
mentary sensations are not due to anything that 
happens in the retina itself, but to the behaviour 
of the vision centre at the back of the brain. 
Thus, for instance, if one eye bo closed and a 
brilliantly-coloured object be looked at with the 
open eye, the complementary colour sensation 
may l)e seen in the closed eye, which suggest 
that, in some mysterious way, the first colour 
appears in one part of the vision centre in the 
brain, and its complementary appears in the 
lomainder. Then, again, if a colour and its 
complementary are seen at one and the same 
time, each appears richer and finer than it other- 
wise would — a fact which is apparently to be 
explained by the theoiy that each colour pro- 
duces the other — or, rather, a sensation of the 
other — in that part of the vision centre which it 
is not itself affecting. This it is which explains the 
agreeable effect of contrast, provided that it be 
a harmonious and not a discordant contrast. 
What we call a harmony of colours probably 
depends on the process which we have just 
described — each component of the “ chord ” of 
colours producing its complement in the part of 
the vision centre which it is not itself stimulating. 

Can Colour be Standardiaed ? There 
are certain elements or constants or physiological 
characters which are associated with every 
colour, and wo m\ st try to analyse these and to 
use, in this analysis, a series ot definite terms. 
In point of fact, common langu^e is never 
looser than when discussing colour. The language 
of art criticism is equally defective in this re- 
spect, words like toiie and shade being used with 
extraordinary elasticity. It may also be noted — 
though we have no present remedy to offer for 
it — that the notation or terminology of colours 
m general is extremely defective. Such a term 
as red, of course, includes colours of very different 
wave lengths, and our attempts to define a par- 
ticular kind of red are as often misleading as not. 
Very many students have attempted to devise 
some kind of notation for practical use, but none 
of these have hitherto Iwen successful. Thus, 
vhen a lady wants to match a particular colour, 
she cannot write to the shop and say that she 
wants a red of 358 billions (358,000,000 millions) 
per second, but has to go and take a piece of 
the stuff with her. If we remember the analogy 
between colour and pitch, we shall see that there 
is no inherent reason why colours should not be 
standardised just as musical instruments are 
standardised to English or French pitch. 

The Elements of Colour. The first 
character of any colour is its hue or tone. This 
depends absolutely and without qualification 
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upon the wave length and frequency, and needs 
no further discussion. 

In the second place, there is the character 
sometimes describe as purity and sometimes as 
saturation. The word tint is sometimes employed 
to describe this character, but most unfortunately 
so. The saturation or purity of a colour depend 
upon the amount of white which is contained in 
the colour. A perfectly pure or saturated colour, 
such as any of the pure colours of the spectrum, 
contains no white whatever ; whereas the more 
the admixture of white with the colour, the less 
pure it is. Plainly there may be an infinite 
number of degrees of saturation from, for instance 
an absolutely pure red, on the one hand, to a 
colour, on the other hand, which one woulc 
describe as a white having the faintest possibk 
tinge of rod 

The third character of any given colour ii 
indicated by such words as brightness, luminosity 
and shade. The best word for its description 
however, is intensity. The intensity of a colour 
in any given case, may be determined by tw( 
factors. In th(‘ case of a given eye at a givei 
time, it depends upon only one factor — name’y 
the t'xtent or amplitude of the ethereal vibra 
tions. It may range, of course, from the mos 
brilliant and luminous to the darkest and mos 
sombre shades. 

A Red Rag to a Bull. Our use of th 

word amplitude will at once have shown th 
reader that intensity or brightness in the case c 
colour is absolutely parallel in every respoc 
to loudness in the case of sound. But it muF 
also be remembered — and thin is true of sound a 
well — that there is a subjective or physiologict 
factor which determines brightness or intensit] 
for one and the same colour may appear intolo 
ably bright to one eye, while it is almost sombi 
to another. As an instance, we may take tl 
colour red, often known as the dynamogenm 
colour — that is, the colour which produces fore 
We must believe that a red which has no markc 
effect upon ourselves has a far more inten 
influence upon the retina of a bull, which it ms 
arouse to behaviour justifying the name 
d 3 mamogenous. In certain morbid states of tl 
brain, and in certain criminals and in lunatics, 
red colour may act similarly. 

Perhaps the oldest and simplest theory 
colour vision was tliat the visual cells of tl 
retina — the rods and cones — are thrown in 
vibration in unison with the ethereal vibi 
tions that excite them. This theory has to 
dismissed if only because such rapidity of mo\ 
ment of ponderable matter, as distinguish 
from ether, is quite inconceivable. The lig 
energy cannot merely be transferred to t 
visual cells ; it must be transformed. We ha 
already noted certain consequences of this trai 
formation — electrical consequences, changes 
the pigment cells, and so on. 

The Theory of Colour Vision. 7 
most widely accepted theory of colour vision, 
colour perception, as it is somewhat undesiral 
called, goes by the names of Young and Hel 
holtz. The theory appropriately comes fr 
these two great men, since they were b< 
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originally doctors^ who, having received a physio- 
logical training, then turned their attention to 
physics. It was propounded by Young in 1807, 
being thus scarcely less than a century old, and 
was revised and elaborated by Helmholtz in 
1852. This theory begins by taking into account 
the known fact lhat we are not capable of receiving 
simple colour sensations corresponding to every 
colour in the spectrum, but that if three primary 
colours are allowed us, their combinations will 
yield us impressions equivalent to all colours. 
^0 assumption, then, is that our vision is tri- 
chromic — that is to say, that it is based upon 
three primary colour sensations. The Young- 
Helmholtz theory assumes, then, that the retina 
must contain three kinds of photo-chemical 
substances — that is, substances which can be 
chemically influenced by light. These three 
substances are respectively sensitive to the 
three “ primary ” colours — red, green, and blue 
or violet. (Thus “primary” here has only a 
physiological meaning— not a physical.) 

How Colour Strikes the Mind. These 
three substances are supposed to be connected 
with throe corresponding sets of nerve fibres, 
and these fibres convey to the brain impulses 
in various proportions according to the wave 
length of the light with which the retina is 
stimulated. Th(* following is the statement of 
Helmholtz as to what actually happens under 
stimulation by varioui^ colours, according to the 
trichromic theory of vision : 

** 1. Rod excitc'H strongly the fibres sensitive 
to red, and fcicbly the oth(‘r two — .sensation, Red. 

** 2. Yellow excites moderately the fibres sensi- 
tive to rtKl and green, feebly the violet — sensation. 
Yellow. 

“ 3. Green excites strongly the green, feebly 
the other two — sensation. Green. 

“ 4. Blue excites moderately the fibres sensitive 
to green and violet, and feebly the red — sensation. 
Blue. 

“ 5. Violet excites strongly the fibres sensitive 
to violet, and feebly the other two — sensation, 
Violet. 

“ 6. When the excitation is nearly equal for tlio 
throe kinds of fibres, then the sensation is White.” 

The arguments for and against this theory 
might be discussed at any length. Its most 
celebrated modification is known as Hertn'f\i 
theory, and is about a quarter of a centuiy old. 
It is really a modification of Young’s theory. 
Both of these theories, and also all other 
theories that have been put forward, find 
their most important illustrations and tests in 
the extremely interesting and important fact 
known as colour-hlindneae. 

Colour«bllndneas. It is not our busi- 
ness here to discuss colour-blindness as a disease, 
nor its extraordinary transmission from grand- 
father to grandson means of an intervening 
daughter and mother who does not herself suffer. 
We nave to discuss the disease in relation to its 
physics, and as regards its practical consequences. 
It was first named by Sir David Brewster. The 
most famous case on record is that of the 
illustrious chemist John Dalton, who had red- 


blindness,” and studied his own condition in the 
year 1794, by the aid of the spectrum. Hence 
the disease is often known as AtUonism. 

We may briefly note some forms of colour- 
blindness. In complete colour-blindness, “ the 
spectrum appears in shades of grey throughout, 
l)eing lightest in the position of the yellow-green, 
and darkest at each end. A coloured picture 
appe^ars like a photograph or an engraving. 
According to the Young-Helmholtz theory, such 
cases are explicable on the assumption &at all 
the ‘three photo-chemical substances are alike,” 
as is indeed believed to be normally the case in 
the outlying portions of the retina, which can 
readily be proved to be incapable of perceiving 
colour. In other cases the whole spectrum may 
appear in shades of one colour, suggesting that 
only one photo-chemical substance is present. 

Partial Colour-blindness. But the 
common condition met is partial colour-blind- 
ness, which may be either green-blindness, 
blue- blindness, or red-blindness. Of those the 
most important are the first and last. In green- 
blindness the spectrum is not shortened, but 
contains no green. Furthermore, it is di-chromic 
— that is, consists of only two colours, with or 
without a neutral area of grey. The two colours 
composing the spectrum are a reddish-yellow 
and blue. Such patients confuse bright green 
with dark n^, and cannot see at all a dark 
green letter on a black ground. 

In red •blindness, or Daltonism proj)or, the 
spectrum is shortened, since the red end is absent, 
and it consists merely of two colours— yellow 
and blue. Such patients cannot distinguish 
lK‘tween dark greim and light red, nor can they 
see a dark red letter on a black ground. 

Here we can merely allude to cases of incom- 
plete colour-blindness, the range of which may 
be indefinitely extended. It is unquestionable 
that the eye of the painter sees very differently 
from the eye of the average person who, rela- 
tively to the painter, certainly suffers from incom- 
plete colour-blindness. When a lady complained 
to Turn(T that she could not see all those 
colours in the sunset, he repli('d, ” Ah ! madam, 
don’t you wish you could ? ” 

The Consequences of Colour-blind- 
ness. Colour- blindness is mainly a disease 
of the male sex. In all nations, about 3|t ptT 
cent, of the men are colour-blind. Now, red, 
green, and whiter are universally adopted as 
signals to indicate danger and safety, and 
these are just the colours which the colour- 
blind men mistake. On the other hand, 
other colours cannot l>e substituted for fhem, 
since they do not transmit nearly so much of 
the light behind them. Thus, it is necessary 
to exclude colour-blind men from such work as 
that of signalmen ; and this is done by causing 
them to match coloured worsteds In order to 
study the colour sense most perfectly, one should 
employ the pure spectral colours, and Lord Ray- 
leigh, among others, has constructed instruments 
for this purpose. The worsted test universally 
goes by the name of Holmgren, of Upsala, who 
was the first to employ it in a systematic way. 


Cftnlinued 


3731 







cent, discount for 30 davs, and after that net. 
One thing to be careful about is overbuying 
before you are sure of your district. Select 
articles that you believe to be in demand. Li 
other words, simply form a nucleus upon which 
you can work. It is easier to get new stock 
in than to get rid of old and unsaleable goods. 
A nice selection, arranged so as to make your 
bhop appear full, is all that you require to begin 
with. Let that nucleus be composed principally 
of the genuine material — gold and silver, etc. ; 
then you have at least making<up price in the 
market value of the material, whereas rolled 
gold and imitation jewellery, once soiled, is 
difficult to renew or make fresh. Stock to the 
value of about £200 should be ample to begin 
with. That should include principally the every- 
day articles, such as rings, brooches, charms, 
necklets, lockets, pendants, with an assortment 
of gold, silver, ana metal watches ; muff chains 
are not in groat demand at present. Of gents’ 
gold alborts, stock a few only, as they arc cut 
so much that they are practically not worth 
handling, but they cannot be entirely neglected. 

Where to Buy. To those in the trade it 
is pretty well known that Hatton Garden and 
Gharterhouse Street are the districts in London 
where the wholesale jewellers congregate. In 
(’lerkonwell Road and the surrounding district 
there are several very good houses, where you 
can get everything and anything of good quality 
and at reasonable prices. For the country in 
general outside of London, Birmingham is the 
home of the jewellery manufacturing trade, and 
there all qualities of jewellery may be obtained 
— good, bad, and indifferent ; even London 
cannot do without Birmingham. The names of 
many good houses will be found in the retailers’ 
monthly, the “ Watcjhmakor, Jeweller, and 
Silversmith,” published at 150, Holbom, Lon- 
don, E.C. However, the individual firm need 
not trouble the beginner, for he will not be long 
open before he is found out by the army of trav- 
ellers looking out for fresh business. Here wc» 
warn our novice not to believe all that is told 
him by the knights of the road. The retailor 
must set his mind firmly against being influenced 
to take what he is not certain will sell. One 
cannot avoid a little dead stock, but lo keei) it 
as little as possible constitutes the art of 
buying. 

Stockkeeping. Having attained the 
necessary stock, the next duty is to take a 
record of it in what is called a stock hfstk, 
noting the description of each article, the 
number attached to it, and its cost. See that 
the stock is kept clean, as well as the window 
and shop. Nothing deteriorates in appearance 
the result of finger marks more than gold 
.ind silver surfaces when finished, and n<^hing 
looks more shabby. The salt that j.^ m the 
I>erspiration has a chemical action, and if not 
wiped off at once it is almost impossible to get 
It off afterwards, as the surface is eaten into. 
Therefore, the few minutes spent with the 
chamois leather is both time and money saved. 

We advise that verv little rolled gold or gold- 
cased articles be stocked. There are, of course. 


certain districts where the bulk of the trade is 
done m that class of goods, but here we are dealing 
with jewellers as jewellers, not as fancy goods 
shops. Later on, the jeweller can judge if there 
is much demand for such goods in his district, 
and, if so, it is quite easy to procure stock. 
Better to work on the above principle than 
load oneself at the beginning with doubtful 
articles. In reference to profits in general, it is 
not wise to run under 33J per cent., and get 
60 per cent, if possible. One must bear in 
mind the nature of the trade. Jewellery is not 
a nocessity of life where you are sure of a certain 
turnover day by day, and, as we have stated, 
it is the first trade that is subject to suffer from 
general or local depression. Meanwhile, the 
expenses are running on and have to be met, 
for the landlord and the tax-gatherer do not take 
the ups and do^ms of your business into con- 
sideration. 

Repairing. There is one source of revenue 
to be made which is a great help in a small busi- 
ness — namely, the repairing dejiartment. Nearly 
all jewellers take in watch and jewellery 
repairs. If you are a watchmaker you can fill 
up your spore time at that branch, and if you 
have not enough work to employ a practical 
jeweller, you can always get such work done 
at a trade shop ; in every town there are some, 
but one can find out only by experience the best 
and most reasonable. Avoid cutting a man 
down too much, for you will only get value 
accordingly. Although the finished article may 
lo )k all right, in a very short time it will re- 
veal its nature, and then you will have trouble 
with your customer, or lose him altogether. 
Most people are open to reason, and a little 
explanation before taking in hand a piece of 
work to be repaired or cleaned properly at a fair 
price, is understood. If customers attempt to 
boat you tiown, as some will, it is preferable 
to refuse to do the work rather than take it in 
and do it unsatisfactorily. Again, however, 
with a regular customer one has to come and go 
a little. There are many articles that will take 
up a man’s time so long that the public eyo 
cannot see whci(» the value comes in ; and it is 
then difficult to convince as Uj the ri'asonablc- 
nchs of the charge. But one’s judgment and 
tact must be brought into play, and, as a rule, 
matters will right themsclvch. 

We have not touched on silver plate be- 
cause the sum on which we have been con- 
sidering cannot well include this department. 
That can come latter on if the busim^ss warrants 
it, and the subject is treated in another article 
in this course. But a few’ fancy ornaments, 
etc*., with an assortment/ of clocks should bo 
added, those being necessary to every household. 

General Policy. It will be observed that 
we have absorbed £365 out of the £500, leaving 
£135 in hand. It is not to be expected that the 
beginner will pay his way from the day of 
opening. Jewellery is a business about which 
the puffiic os a whole know little, and it takes 
time to gain confidence. But confidence once 
inspired, every effort should be made to retain 
it. At the opening there ore incidental expenses 
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that are not thought of at the moment, but 
which cannot be avoided, therefore the odd 
£35 can be looked upon as pretty well absorbed. 
So, with the £100 in hand, with care in manage- 
ment, and by sticking closely to business till 
it is established, one should be able to develop 
and command the wholesale market pretty well 
through being able to meet the accounts as 
they become due, thereby also saving the 
discount. It is these small items that help one 
in this world of competition. 

One item to be remembered is the gold and 
silver licence issued by the Government in two 
forms. The retailer may sell articles up to 
“two ounces of gold and 30 ounces of silver on the 
lieence at £2 08. per annum, and for all above 
that weight the sum is £5 15 b. It is advisable 
to become a member of the National Associa- 
tion of Goldsmiths, which assists and protects 
retailers who are members. 

LICENSED VICTUALLERS 

The trade of the licensed victualler is not 
usually regarded as a branch of shopkeeping. 
Although there is no fundamental reason for 
this, the view is to some extent justified by the 
great differences which exist between the condi- 
tion-, of selling excisable liquors and those of all 
other branches of retailing. No other trade is 
so encompassed and hedged about with laws, 
so subject to legal regulation in all its details, 
or so great an object of the attentions of social 
reformers and zealots. From the time of 
Edward VI., when the first licensing Act was 
passed (1532), at least fifty principal Acts affecting 
“ the trade ” have become law, of which four- 
fifths have come into being in the last 170 years. 

Working-up. There are very few pro- 
prietors of licensed houses who started life 
in “ the trade,” chiefly for the reason that the 
conditions of employment in beer and spirit 
selling have little or no attra^'tion for smart 
businesslike young men, and do not foster those 
habits of industry and en'^rgy which go far to 
make the successful proprietor. Further, bar- 
men, and even managers, have no great oppor- 
tunity or incentive to save money. Another 
reason is that it is not a trad^ which requires the 
experience of a lifetime, for it is so bound and 
fettered by laws and by the system of “ tieing ” 
houses that there is little room for development 
by enterprise. Nevertheless, men have worked 
their way up. The lowest grade of employee 
in the trade is the potman. Formerly his office 
and pride was the keeping and polishing of the 
pewter pots. Now, however, he has degen?rated 
into a general handy-man, his duties ranging 
from sweeping out the bar to “ chucking ” out 
its obstreperous occupants. Tne wages vary 
from 10s. to 108. per week living in, or 20s to 
27s. out. On Saturday nights or other busy 
times he may be called upon to help behind 
the bar, and thus get a footing therein and obtain 
an under barman’s place, l^om under barman 
at 128. to 17s. per week to head barman at 18s. 
to 20s. is a matter of personal progress. 

A Managership. The ambitious man 
will combine the duties of cellarman with those 
of bar supervision and serving. He may not get 
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extra pay for doing so, but he will accumulate 
valuable experience which will enable him to 
take advantage of a managership opportunity 
later on. The cellarman is responsible for fining 
the ale, for the condition of the beers, keeping 
the spirit vats and the earthenware supply 
casks for the bar stocked, and for keeping the 
bar supplied with the bottled goods as well as 
for the absolute cleanliness of the cellar and its 
utensils. By watching advertisements in the 
trade newspaper— the “ Morning Advertiser 
or the trade journals, or by the help of convenient 
friends, he will achieve his next step — to manage 
a house either as working manager under the 
proprietor or as manager in sole charge. The 
character of the post naturally depends upon his 
exporienee. He should be married. With his 
wife to take charge of the housekeeping side 
(providing food for the bar and the staff and 
managing the household affairs) and to serve 
in the bar on o'^easion, lie may obtain from 
£2 to £4 a week with board and lodging and will 
draw about 10s. a week extra per head for the 
board of the staff. If unmarried the manager 
is generally expected to provide a female 
assistant to undertake these duties. 

“ Tied ” and “ Free " Houaes. Next 
must be considered the man with a limited 
capital which he desires to invest in a public 
house. He may be our manager who has saved 
a few hundred pounds. Ihiblic houses are 
divided into two aefinite classes — ^houses which 
are “ free ” and houses which are “ tied,” the 
latter far outnumbering the former. In 1893 
only 12*8 per cent, of London houses were 
entirely free, and since then the number has 
been greatly reduced by brewers’ purchases. 
In the provinces they are still fewer. Prices 
almost fabulous have been paid for free houses 
in the past. Th'^ir value lies in the fact that 
they an* not burdened with loans, whereas the 
man who runs the “ tied ” house is either in- 
debted to a brewer for part of his capital (lent 
on mortgage) or may be only the brewer’s 
tenant. In both cases he must buy his beer 
from this one brewer at higher rates or smaller 
discounts than the “ free ” man, and if he has 
also received an advance from a distiller he is 
also bound in the purchase of spirits. Free 
houses are now so few in number and their 
prices so high that they do not come within 
the range of this article. They are objects of 
ambition for the man of considerable capital. 

Capital. A man with a small capital may 
cither start as a brewer’s tenant or as landlord of 
a small tied house. The novice may be attracted 
by advertisements offering tenancies which can be 
entered upon with a very small inclusive capital, 
say, £150 to £200. But it is necessary to lay 
stress on the fact that it is practically useless to 
lay out money in taking over a house doing the 
very small trade which only can be expected 
for such a sum. A living trade is hardly 
possible where the takings of the house are 
less than £100 per month. For capitals of 
from £300 to £500 a man may reckon upon being 
able to obtain modest tenancies of houses turn- 
ing over, according to locality (town, suburban, 
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or country) and class of trade, from £100 to 
£250 per month. These capitals will be made 
up as follows: Deposit with brewers, £75 to 
£125 ; loose effects, £100 to £150 ; stock, £50 to 
£100 ; cash in hand, £40 to £75 ; legal and 
brokers’, etc., charges and proportion of licence 
duty, compensation fund payment, rent, rates 
and taxes, £35 to £60. This may sometimes be 
reduced a little by arranging with the brewers 
and distillers to take over part of the stock, 
which is bought back as trade requires. The 
lower capitals will apply to the provinces where 
houses are more completely tied than in 
London and other large centres. 

Similar houses on lease from brewers instead of 
on a tenancy agreement will need capitals of 
from £1,500 upwards. They possess the advan- 
tage that they can be sold by the landlord, at 
a profit perhaps, making speculation possible; 
and also that, in the event of extinction, the 
lessee gets a considerably larg/)r proportion of 
the compensation than the tenant. But the 
responsibilities and amount of possible loss are 
much greater, of course. 

A beerhouse, licensed only for the sale of beer, 
would probably need a capital of only about 
£150 for a trade of £100 per month. The licence 
duty and working expenses are somewhat less 
than in the case of the fully- licensed house, but 
the trade is on a lower grade and the profits and 
possibilities smaller. 

Chooaifiig a House. A good training 
for a landlord of small capital, new to his 
responsibilities, is afforded by a ttmancy— 
under brewers of standing, of course — in a 
semi-working-class neighbourhood, where most 
of the houses are classed as “ small property,” 
and w^hero there are plenty of people walking 
about. The trade is more easily worked than 
any other town trade. Beer is the article mostly 
sold, for the English working man drinks little 
or no spirits. The day trade in the jug depart- 
ment will also be good. This class of house has 
an advantage over a larger establishment, in 
that it depends mainly upon njgular customers, 
who, if well served, will not be drawn by the 
larger house with many lights, which depends 
more and more upon passing custom as its size 
increases. Brewers’ rents for these houses an* 
very variable, and are usually more than the 
ordinary rental value of the property. They 
may be anything from £50 to £100. 

The man with little capital may also do well 
with the tenancy of a small country inn. ’Fhe 
prices obtained will be lower, and the pnifits 
smaller than in town, but the rent will probably 
be nominal (£20 to £40), and there will be the 
advantages of grounds, fruit gardens, poultry 
keeping, and stabling, all of which will contri- 
bute to the income. Grounds and outbuildings 
will enable him to cater for motorists and 
cyclists ; fruit, vegetables, and poultry will 
supply visitors’ meak. In a small country town 
the tenant may let the stabling, if ho does not 
wish to work it himself (wmch entails the 
expense of an extra man), at from £10 to £15 
per annum, to a local jobmaster, who will work 
it in association with him. 


New hous^ are very rare in the trade. The 
capital reauired, and the risks of losing it, are 
considerable. Justices will grant new uoenoes 
only for entirely new districts, and oven then 
are generally very reluctant to do so. The 
licence is panted before building, if the justices 
approve tne plans and other details, but the 
licence has to be confirmed when the house is 
ready to be opened, which means that the liattlo 
has to bo fought over again with the possibility 
of confirmation being refused. If confirmed, it 
is granted for a period of seven years, and at 
the end of this period has to bo renewed as a 
new licence, with no right to compensation if 
extinguished. To open a new house of the type 
above indicated would require a capital of from 
£3,000 to £5,000, according to the location — 
country or town. 

The Broker. In the actual choice, the 
services of a trade broker are indispensable, 
partly because the market is entirely in the 
brokers’ hands, and also because the many legal 
formalities incident to entry to the trade are 
likely to entrap the novice. If reasonable care 
be exercised in the choice of a man, those who 
offer El Dorados for trifling sums being shunned, 
there will be little cause to regret the small per- 
centage on the amount of the transaction 
absorbed by the broker. Having obtained from 
the broker jiarticulars of houses likely to suit 
his desires and capital, whether in town or 
country, the prospective landlord should per- 
sonally visit the house offered, and decide the 
choice for himself. He must investigate the 
duration of the lease, the total loan burdens 
on the house, and the reputation which the house 
has with the local authorities, inquiry being 
made of the clerk to the licensing magistrates, 
in order to ascertain whether the Register of 
Licences (which is open to inspection) contains 
any record of transgression by a former holder 
of the licence. These matters are most impor- 
tant, and there is much room for the novice to 
buy dear experience. They should all, therefore, 
be rigorously investigated by his broker, anti 
only when he is satisfied should further steps 
be taken. 

Profits. In taking over any business, 
that which ultimately decides the question of 
purchase is the quality and quantity of trade 
done, and in this trade it is })aramount. A 
tenant who is tied only for his beer, should make 
not less than from 33 per cent, to 37 or 38 per 
cent, total gro'^^s profit on his takings, and from 
30 to 35 per cent, if he be tied for spirits as 
well as beer. These figurf*s do not pretend to 
finality, but indicate whai the prospective 
purchaser may reasonably require for the class 
of trade outlined. If, for any reason, the figures 
supplied by the vendor are suspected, the 
receipts for the amounts paid to the brewer 
and distiller will give definite information as to 
the quantity and quality of the business done 
by the house, and the purchaser may reason- 
ably require their production. 

Loans and tne Purchase. Although 
starting in business in the licensed trade on 
loans raised by mortgage to brewers and 
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distillers is a feature of the trade, it is highlv 
undesirable, as elsewhere, to saddle oneself witn 
the burden of loans from brewers or from 
private sources. The man whose house is 
heavily mortgaged, and who is accordingly 
stringently ** tied,” is fettered in all ways, and 
proper development becomes difficult if not 
impossible. Certainly, the man who takes the 
modest tenancy here referred to should not 
need to borrow. 

A house may be bought “ all at ” or by 
valuation. The first term means an inclusive 
price for the lease (if any), the fixtures, and all 
utensils appertaining to the business, but ex- 
cluding the stock, which must be valued. The 
inventory of the trade accessories and fixtures 
should be shown to the representative of the 
brewer to whom the house belongs, to ensure 
that none of the articles catalogued belong to 
him, which, of course, the venefor cannot sell. 
Buying a house by valuation simply means that 
the price is based upon inventories made by the 
representatives of the seller and the buyer of 
everything, including the stock. When the 
tenant or purchaser formally takes over the 
business, the ceremony called the “change” 
takes place, whtm the valuations are cheeked 
and the purchase money is handed over — always 
in cash, never by cheque. 

The Legal Transfer. The transfer 
of a licence is attended with many legal com- 
plexities. Before the “ change ” is accomplished 
tlie incomer’s broker secures for him a “ pro- 
tection order,” to enable him to sell excisable 
liquors until the next meeting of the Special 
Licensing Sessions, of which from four to eight 
are held during the year. Full details of the 
formalities will be supplied by the broker, or 
will bo found in such a book as Mr. W. Makins’ 
excellent “ Licensed Victuallers’ Handbook,” 
wherein will also be found much legal and 
practical information relating to “ the trade.” 

The Licence and its Renewal. 
In reality, the licensed victualler has two 
licences — the Justices and the Excise. But as 
the issue of the latter is entirely dependent on 
the granting of the former, it is usual to regard 
them together as “ the licence.” 

Publicans’ or victuallers’ annual licences in 
the United Kingdom for spirits, beer and 
wine to be consumed on or off the premises are 
of three kinds: (1) the full licence, for tlie sale 
of excisable liquors during all the hours not 
specified by the Act of 1874 ; (2) the six-day, 
or early -closing licence, in accepting which the 
licensee agrees to remain closed during Sunday, 
or to close an hour or more earlier than the 
time stipulated by law ; and (3) a licence which 
combines the features of which are alternative 
in 2. The duty on the second and third licences 
is respectively one-seventh and two-sevenths 
less than that on the first. The choice of the 
licence will be determined by local conditions. 

The duty is based on the rateable value of the 
premises, and varies, for the full licence, from 
£4 lOa. for premises rated under £10 to £00 for 
promises at or above £700. For houses whose 
rateable values are between £60 and £100 the 
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duty is £25. The assessment is ba^sed on the 
rent payable. 

It has been held that holders of existing 
licences have a primA facie right to renewal, 
and the power of refusal, on other than certain 
well defined grounds connected with the fitness 
of the holder or his premises, is vested in 
Quarter Sessions, on reference from the justices 
and on payment of compensation from the 
trade fund instituted by the 1904 Act. The 
licensed victualler has, therefore, now more 
prospect of continuity in his business than 
formerly ; but if he be only a brewer’s tenant 
his share of compensation is rarely, if ever, 
sufficient to cover his losses on the extinction 
of the licence. 

Preserving the Licence. Keeping 
the licence when it is obtained is not an easy 
matter. It may be directly forfeited upon 
conviction for seven particular offences, includ- 
ing felony, keeping a disorderly house, selling 
spirits without a spirit licence, and making inter- 
communication between licensed and unlicensed 
premises. Further, convictions for serving 
drunken persons or children under 14 in optm 
vessels, allowing the premises to be used for 
betting, gambling, or allowing customers to be 
on the premises, or billiards to be played, after 
prohibited hours, are entered upon the Register 
of Licences, and regard is had to them by the 
justices when a renewal or transfer is wanted. 

The staff must keep very wide awake to 
prevent betting slips being passed, though it is 
very difficult to detect this. If the loser of a bet 
pays it by paying for drinks it is an offence 
under the Gaming Act. The laws affecting 
the public-house and the preservation of its 
licence are many, and the licensee must be 
thoroughly acquainted with them. The trade 
year-books, or Mr. Makins’ “Handbook,” give 
full information on all these matters. 

Fittings. Under the 1902 Act all altera- 
tions or additions of a structural nature have 
to be approved by the justices, and there 
is no appeal from their decision. Plans should 
be submitted before such alterations are carried 
out, or the justices may order the premises to 
be reinstated in their former condition. Struc- 
tural alterations include shifting a counter or 
a screen, but not the renewal or addition of 
lK*er engines. The result of the restrictions is 
that alterations are expensive, and rarely carried 
out. When they arc, it is a matter for local 
architects and builders, for there are practically 
no firms of public-house fitters. In the case of 
the tenant such expense, where necessary, falls 
upon the brewer. A semicircular bar is the 
most convenient shape where possible, for it 
is more easily supervised, and can be worked 
with a smaller staff than the bar of square or 
three-quarter circle form. 

For the bar-floor mosaic is best, but is ex- 
pensive. A good inlaid linoleum is also hygienic. 
Sawdust absorbs moisture, but a non-absorbent 
floor is cleaner. 

All fittings and utensils will be included in 
the transfer, and it will not be necessary, there- 
fore, to deal with them here in detail ; when 



renewal is necessary the catalogues of good 
firms of bar-fitters will show what can be done. 
It may be noted that liberal lighting with 
incandescent gas-lamps is a feature of the 
publican’s show. Electric light is more costly. 

Country Trade. The country publican 
will trade as an innkeeper, which entails 
compulsory reception of guests. The trade is 
includ<=»d in the full victualler’s licence. In 
the case of the small house there will be 
little profit derived unless visitors are more 
or loss regular. Suppl 3 dng meals to cyclists, 
motorists, and other road travellers may be 
made very profitable if it can be done in 
quantity. Small trade means much waste. On 
ordinary eatermg a gross profit of at least 
50 per cent, should bo made. As much as 
75 per cent, gross profit may be made on 
teas if they be purveyed in largj numbers. 
The profit on luncheons is more precarious, but 
country produce* will h^Ip. Outbuildings for 
storage are almost essential to the man who caWs 
for cyclists and motorists. In them |K<trol and 
calcium carbide can be stored and supplied at 
profitable rates. Licences, costing fis., must be 
obtained from the local authorities in each case. 
Cyclists and motorists are always appreciative 
of good service and catering, and a permanent 
connection may be built up. If the landlord can 
persuade a cyclists’ club to make his house its 
country headquarters it will pay him The same 
remark applies in greater force to Masonic and 
other lodges. 

The Cellar. It is probably not too much 
to say that profits are made or lost in the cellar, 
and the importance of method can hardly be over- 
estimated. In a small business it will usually pay 
the publican to be his own cellarer so far as its 
management and arrangement are conc/'rned. 
In any case he should “ break down ” spirits him- 
self, and possibly also “ fine ” the ah»8. “ Break- 
ing down ” IS a mathematical operation which 
should be conducted strictly witli the aid of the 
hydrometer and sliding rule, and according to 
published tables for spirit strength reduction. 

“ Fming ” is the clarification of ales by the 
addition of isinglass or other “ finings.” 

Drinks must be appetising. Wmc and beer 
must be clear and aerated wat^r sfiarklmg 
A'^rated watcTS are, happily, becoming more and 
more important in their relation to the pros- 
perity of the licensed victualler. To ensure the 
proper condition of liquors it is necessary to adjust 
carefully the storage conditions for each article. 
Beer in casks and bottles should be kept at a tem- 
perature of about 55® F., port and similar wines at 
60® F., and light wines and spirits at about 40® F 
These temperatures must be carefully maintained, 
tihich can be done conveniently by mt'nns of a s#*t 
of thermometers (such as Hicks’s), indicating the * 
temperatures for the respective articles. 

The cellar must be well ventilated, for bad air 
deteriorates the stock. To keep it sweet it should 
be washed out once or twice a week, and the 
walls whitewashed annually. Care should be 
exercised to avoid spilling beer, for spilt beer w 
apt to breed vermin. 
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Burtons and bitters should bo stocked a fort- 
night before sale, so that they may become 
bright by depositing the sediment. 

Racks must bo provid'»d for empty bottles. 
Much waste occurs if they are not preserved 
from breakage, for tlie price of the bottles repre- 
sents the total profit on many bottled articles. 

Tile gantries, or stillions, on which the casks 
rest, must be solid and substantial, so that the 
beer or spirit may not be shaken up. To pre- 
serve the liquor from the effects of the vibration 
which is often observable in toi^ns, they fre- 
quently rest on sand. 

The pipes connecting the cask with the bar 
engine' must be kept scrupulously clean, or th(> 
best liquors kept under tlu* best conditions will 
be spoilt. Th<i pipes arc prch»rably of fin^ tin 
in 6-in. sections. connoct/»d by special joints of 
pure rubber, and it must bc' one of the chief 
duties of the cellarman to look aft^u* them. 
They should be washed out frequently with hot 
soda solution, followed by plentiful flushing with 
fresh water. 

Sidelines and Amusements. Though 
dealt in by all publicans, and therefor 3 not 
strictly sid'^lines, tobacco, minerals, cid'^r, and 
wines may be briefly rcferiod to her3. ’Hio 
licence for tobacco and snuff dealing is always 
taken out with th^' liipior licences and costs 
5s. 3d. per annum. Tlu^ profit will not be inor(‘ 
than 25 to 30 per cent, gross, and considerably 
less in the case of those provincial houses which 
are tied to the brewer for tobacco, and the trade 
will not be large. It is quite an easy trade, how- 
ever. On minerals, the gross profits should n^t 
Ik' less than from 25 to 30 p(*r cent, for bottle 
sales, and 35 to 40 per cent, for sales in 
glasses. The trade is considerable, and is easily 
cultivated. Cider and wines will be very little 
sold in th small house, and even in the larger 
houses the trade is not large. It is chiefly ab- 
sorbed by wine and spirit merchants. 

Amusements in licensed houses arc so lie- 
quently the source of trouble with the police 
that m many cases publicans liave ceased to 
supply them. Automatic pianos distinctly lend 
to cause disorder, and may be r<*moved as jnibhc 
nuisances on the complaint of houwdiolders. To 
keep a public billiard tabhs a s))ccial licence is 
necessary, full -licence holders, Jiowevcr, being 
cx<*mpt. It has to be applied for at the annual 
Licensing Sessions, and the conditions which 
apply to liquor licences also apply to it, excejit 
that it exp res on April 8th in ^wh year The 
holder must display n notice to that eifer t similar 
to the liquor licence signboard. A good room 
with two tables may bring in ns much as £5 
a week, of which 15s. to 30s will be absorbed 
by the extra staff r^sjuir ‘d. 

Trade Paper j and Societies. The 

trade newspaper is, of course, the “ Morning 
Advertiser.” Weekly trade journals are “ The 
Licensing World,” publishtjd bv the Lie<‘nscd 
Victuallers’ (Central Protection Society of Ix»n- 
don, 35, George Street, Westminster ; and “ The 
Licensed Victuallers’ Gazette,” published at 81, 
Farringdon Street, London, E.C Both journals 
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publii^ useful year-books. The Central Protec- 
tion Society also publish pamphlets and booklets 
stating the pubUoan’s side in the many con- 
troversies affecting the trade. This and similar 
protection societies throughout the country look 
after the legal interests of publicans, conducting 
police-court and similar cases for their members. 
The Incorporated Society of Licensed Victuallers, 
in connection with which the “ Morning 
Advertiser” was started* and the Licensea 
Victuallers’ Asylum afford relief to distressed 
victuallers, and look after their interests. 

MANICURISTS 

The practice of manicure — ^probably in almost 
as complete a form as present-day treatment — 
comes to us from a period in the world’s history 
as remote as the time of the Roman Empire. 
The Egyptians also affected some form of it, 
but in a ruder way — little beyond the shaping 
of the nails and staining with the pigments 
peculiar to this race. Such observations as can 
be relied upon point to th(‘ treatment being con- 
fined to shaping the nails in elongated form, 
and staining beyond the light arc circle. Pos- 
sibly the cuticle also received attention, together 
with the removal of dirt and debris from under 
the edge of the nail ; while the brightening and 
cleaning, and even the bleaching of this portion, 
may have formed a part of the Egyptian process. 

Coming to later French history — say, during 
the Louis period — the art of manicure was well 
understood, and freely patronised. Marie 
Antoinette, with all her mystic aids to beauty, 
did not neglect it. The apartments and secret 
drawers in the boudoir furniture of this epoch, 
together with the peculiar chinaware and 
implements then in vogue, all bear evidence ot 
the employment of this art. 

Manicurists Abroad. At the present day 
the practice of manicure is probably more 
general in the large cities of the United States 
than anywhere else, though Paris and Berlin, 
and even Vienna, occupy prominent positions in 
this respect. To Paris should fairly be awarded 
the credit for the best work, although here, 
again. New York cannot be omitted from 
tveognition. London certainly shows signs of 
advancement, but at present the number of 
practising manicurists in the English metropolis 
IS meagre in comparison with the capitals of 
Prance and the United States. Performers of 
moderate skill and little experience are fairly 
plentiful. Obviously, it should be the aim of 
all who practise manicure as a livelihood to 
excel in ability, and there is more scope for 
individuality than may appear at first sight. 

Treatment of the Hand. The shape of 
the finger nails, and their appearance on the 
completion of treatment, vary in different 
countries. In England, the true filbert is® 
generally accepted as becoming and proper, 
and very hand^me can the hands be made when 
thoroughly treated in this style. The cuticle is 
dressed down to an artistic bevel, the light arc 
accentuated, and the shell pink heightened in 
the centre of the nail, the extremity of the latter 
being imperceptibly bevelled clear of the quick, 
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and showing, of course, the transparency of the 
outer end or edge. In the best style of 
manicure practised in England the polish of the 
nails, although equal in smoothness, lacks in 
brilliancy, and the tinting is much less pro- 
nounced than in the treatment on the Continent 
and in the United States. Probably it would be 
correct to say that in our own country the work 
done with the file and manicure knife is more in 
evidence than is the use of the nippers and 
polishing materials. In France and America, 
the reverse is the case. 

Russians, Viennese, and Germans favour the 
elongated nail, or accentuated point, and also a 
distinct pink polish. Racial distinction may 
have some influence on shape, but certainly the 
two nationalities first-named, and in a some- 
what less degree the Germans, cultivate the 
nail of narrow width, giving quite a pointed 
appearance. The pink tinting and glossy polish 
are also unmistakable. This stylo of treat- 
ment is affected, too, to some extent, in 
America—a fact which English manicurists 
should not overlook, although, as a general 
tendency, the English filbert is the mode that 
should be practised. 

Operators and Salaries. Manicure is 
largely in the hands of women, but the highest 
exponents are men — chiefly hairdressers — who 
take up this branch and abandon their original 
work. It is largely a personal business, few 
assistants being employed for manicure alone. 
Excepting in the best establishments of the West 
End of London, and their equivalents in other 
capitals, the assistants are required to take their 
turn in other departments. 

When manicure is practised by hairdressers’ 
assistants, the commission they receive is usually 
3d. in the shilling, but loss in some instances. 
The girls are paid 20r., 25s., and 30s. weekly, 
with a commission of about 6 per cent, on the 
takings. There are some establishments which 
confine themselves oxclu'^ively to manicure and 
facial massage, and in such cases one or two 
rooms on a floor above the street level usually 
suffice. 

Equipment. Manicure and facial massage 
(the latter is dealt with in a separate article) 
are nearly always undertaken in conjunction, 
and the same apartment is generally adapted 
for both. The proper equipment of the parlour 
embraces the following : A lavatory basin, 
costing from 458., with the plumbing in addition, 
according to the circumstances of the apart- 
ment ; a special chair for the patient’s use, often 
made with a reclining back and fitted with cups 
in the arms, so that the hands may be moistened 
in the softening preparations, and otherwise 
prepared for treatment with the manicure 
appliances — such a chair costs from 45s. to 50s. ; 
a stool for the operator, which can be purchased 
for about 2s. fid. ; and usually a portable 
standard lamp, fitted for electricity or gas 
(generally the former), for throwing a good light 
on the fibers, and costing from 7s. fid. to 21s. 
If the lamp is adapted for electricity, the instal- 
lation of the current may, of course, be a further 
item in the expenditure. 



Ordinary manioure outfits are not costly, 
though some specialists have their own per- 
sonaUy-selected tool caskets, at an outlay of 
anything up to £«5 6s. The charges for treatment 
in the general category of shops are Is., Is. 6d., 
and 2s., while the best practitioners obtain from 
3s. fid. to 5 b. 

Beginners give time — three months or more — 
in return for tuition and experience, or pay £5 
or £10 to be under well-known men. No wages 
.are paid in either case. There is a good living 
to be made ultimately by those who really 
acquire proficiency and keep themselves versed 
in the b^t and latest methods of treatment. 

MASSAGE SPECIALISTS 

The particulars given here should be read 
in conjunction with the article on Manicurists, 
the usual practice being for massage and mani- 
cure to be undertaken as a joint venture. 

There two kinds of massage — manual and 
tuechanica^ — the one l»eing done }>y the hand, 
and the other given by a vibrating machine 
The hand form is probably as old as civilisation, 
but mechanical massage is quite* a modt*rn 
acquirement in England, althougli it has been 
in vogue in America for several years. As a 
general and genuine remedy, there are many 
operators who claim that there is still no better 
method than the hand treatment. But against 
this there is the fact that the use of mechanical 
appliances is extending and attracting publu* 
favour. 

Massage Treatment. Opinion is likewise 
divided as to correct procedure. Somf* experts 
hold that nothing beyond the creanis, lotions, or 
oils should be used, while another section favour 
the steaming of the face in order that the pores 
of the skin may be first opened and the flesh 
rendered supple, and free to absorb tin* customary 
preparations. In most cases, the latter treatment 
is accomplished by hot towel bindings — that is, 
towels wrung out from quite hot wat(*r and 
wrapped round the fac(‘. Some operators, how- 
ever, favour direct steaming. This can be done 
with appliances technically t('rmed vajK}ri8€rs 
(their effect is similar to that of a steam kettle 
on a smaller scale), or by holding the fnc(‘ over 
a vessel containing hot water. 

Charges. Facial mas^^age, as in the case of 
manicure, is usually a department of tie* hair- 
dresser’s establishment, the operator being paid 
a commission for this service in addition to his 
usual wage. The sum varies, but .3d. in the 
shilling is general. Outside a few ol the West 
End I.<ondon houses, assistants are not employed 
for facial massage alone. Young ladies as 
masseuses and manicurists are paid from £1 to 
£1 10s. per week and commission (about 5 per 
cent.). 

The charges made for massage treatment 
range from is. fid. to Ss. fid., with 2^ as the 
average. In good class barbers’ shops, where 
mechanical appliances are in use, gentlemen are 
treated for Is. fid., and for Is. if only massage 
by the hand is given. In America, massage is 
far more general than in England, and is always 
done by barbers. The average charge is Is. fid., 
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and 28. if given by means of the vibrating 
machine. 

The Massage Parlour. When an apart- 
ment is devoted to massage, it usually takes the 
form of an ordinary reception-room, with addi- 
tional fittings as noted in the article on Mani- 
curists. But massage for gentlemen is often giv(*n 
in the ordinary hair-dre&sing saloon, and the 
American haircutting chair, as illustrated in the 
article dealing with Hairdressers ipage 3297], is 
th'^n used. If mechanical massage is to lie given, 
an electrical vibrating machine of the best make* 
co.sts £25, and, of course, a supply of electricity 
must be in readiness for its working. As indi- 
cating what these vibrators are capable of doing, 
it may be stated that they are fitU»d with lovers 
which can be shiftt'd at will, producing vibra- 
tions to suit the operator's requirements, from 
one to seven thousand per minute. A portable 
electrical vibrator can bo purcliased for £7. 
There are also hand machines at about 308. each, 
Imt these are usually intended for private use. 

The conditions which govern the learning of 
tlie business and gaining an entry into it are 
similar to those described in the attic It on 
Manicurists. 

MILLINERS 

The word milliner is derived from Milan, a 
town which at one time gave the law to Europe 
in matters of taste and ek^ganee, and which has 
alw'ays been noted for the excellence of its silks 
and velvets, so that, in course of time, one whose 
business it was t^ shape these materials into the 
different varieties of feminine head-gear came 
to bo called a Milanor, or milliner. In former 
yearn the word appears to have hod a masculine 
significance, but in modern times this is one of 
thc» trades in which women have managed to 
keep the monopoly, and in which they have been, 
on the whole, very successful. There have, of 
course, bc^en a number of case^ foredoomed to 
failure from the start. Within the post ten or 
twelve years there has been a great increase in 
the nunil)er of milliners’ shops, especially in 
London, and a large percentage* of these shops, 
after struggling for existence* during a few years, 
liave come to an inglorious end in the Bank- 
ruptcy C’ourt. As a rule, the women of this 
country are far behind those of France and 
America in the conduct of commonual enter- 
pnw‘, and the reason for the majority of these 
failures may be found in the fact that many 
who possess some of the (|ualificaiions which 
make for success in millinery rush info this 
particular business without having had any 
prac'tical exjK>rienee, or without having under- 
gone some preliminary training in ilie elements of 
shopkeeping. The rc*8ult could hardly be other 
than diiastrous 

Training. It is not difficult to obtain a 
thoiough training in a comparatively short time, 
and at a reasonable cost, in one of the various 
schools of millinery which are now wtablished 
in London and some of the chief provincial towns. 
At these schools the pupils receive instruction in 
the whole art of millinery. They are taught to 
make the wire shapes, to make French flowers, 
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to shape and plait the straw, and to copy \iith Louis Quinze furniture ; veiw little is there to 
absolute accuracy the most elaborat^-trimmed show any connection with millMery, except a few 
of Paris models. The course at liie Studio hats, laid here Und there, as if by accident, a few 
(School of Dressmaking and Millinery), Artillery more on stands in the comers of the room, and 
Mansions, Victoria Street, S.W., lasts for oxie deep oak drawers running all round the walls, 
year of three terms. The fees for the course in The most private and expensive milliners are 
millinery and French flower making are £12, or usually established up one or two flights of stairs, 
for millinery alone, £6. At the end of that or, if on the ground floor, not more than two or 
period, the pupils sit for the London Higher three models are permitted to be exposed to the 
Technical Examinations, and diplomas are vulgar gaze, all exclusive designs being jealously 
awarded to successful candidates. The examiners hidden away under folds of tissue paper in boxes 
are drawn from education centres, and from or drawers. The suburban milliner, on the 
different West End firms representing the trade, contrary, pays especial attention to the dressing 
Having passed her examination, the intending of her window, everything that is new and showy 
milliner should spend at least six months in the being displayed in order to catch the eye of the 
work-room of a good house, and, if possible, casual passer-by. In both cases, it will bo 
should spend a short time in the show-room also, necessary to spend a good deal of money 
in order to obtain some practical knowledge of on carefully selected models, although all 
business methods. She should also know how materials should be stocked in as small quantities 
and whore to buy all chiffons, silks, and other as possible, as they can be purchased from the 
materials, as well as how to take and keep stock ; wholesale houses when required. Unlerih the West 
and, if her ordinary school curriculum did not End milliner starts with a large connection, she 
include bookkeeping, lessons should be taken in will obviously require a substantial sum for adver- 
that all-important branch of commercial educa- tising, as her windows count for little or nothing 
tion before she can consider herself ready to in this respect. In addition to the usual stock- 
begin work. in-trade, ready-made blouses, lace, ruffles. 

Capital, With reference to the amount of scarves, etc., and sometimes lingerie and corsets 
capital which would be required to commence are frequently sold by milliners. This is more 
business as a milliner, it is not possible to fix any than ever the case since the advent of the motor- 
definite sum. Various considerations should be car, which is said to bo ruining the millinery 
taken into account, such as the locality chosen trade. Where formerly four or five hats would 
for the start, the class of business to be done, have been sold, nowadays only one, and a few 
andthecharaoter and capability of the individual, cheap motor caps and veils will be considered 
It may, however, be laid down as a safe rule, sufficient. 

that lio enterprise of this kind should be em- Practical Hints, One experienced assistant, 
barked on unless there is a sufficient sum of costing from IBs. to 21s. a week, with two or three 
money in hand to purchase all the stock and improvers at about fls., will probably be sufficient 
furniture required, and to pay all working hands to begin with, and when increase of busi- 
expenses for at least one year. The expenses to ness justifies the engagement of another assis- 
be allowed for would include rent, rates and tant, she should, if possible, be a Frenchwoman, 
taxes, lighting and heating, wages, and the stock or, at any rate, she should have spent some time 

for each season, in addition to all personal living in France. In addition to the ordinary fashion 

expenses. Advertising should also be allowed journal and circular advertising, any plan which 

for, and unless one had a large connection, a might suggest itself as likely to bring people to 

considerable sum should be spent in this way. the show-room should bo tried. In one case, a 

A milliner, even more than a dressmaker, finds it good connection was established in a very short 
profitable to keep a regular series of illustrated time chiefly owing to the fact that afternoon tea 
advertisements in two or three of the ladies’ was served to customers every day. The par- 
papers, and money should also be spent on ticular premises referred to happened to be 
tasteful circulars, printed on good paper, and unusually suitable, and the outlay and trouble 

i bowing illustrations of each season’s hats, involved wore trifling, while the increase of 

which should be sent out four times a year. custom was remarkable. 

Starting in Business. Locality and To make the business an artistic and financial 
position will probably depend upon the amount success, it is not sufficient to possess only 
of capital available. The risk of failure is often quickness of observation and the power to 

less in a fashionable seaside resort, or a provincial imitate and adapt, as well as the talent necessary 

town, than in London, where expenses are so to make a hat. To all this must be added the 

heavy, and where competition is so keen. Too art of the saleswoman. It is all-important to 

much care cannot be given to the artistic fitting remember that the great object, especially of 

up and furnishing of the rooms. The fashionable the beginner, is not so much to sell a hat as to 

London milliner usually trades under a fancy please the customer and bring her bock to the 

name, such as “ Monica,” ” Dolly Varden,” or shop, probably with a friend next time, if the 

** Lucile.” Her show-rooms are like handsomely first choice be something really suitable and 
appointed and luxurious drawing-rooms, with becoming. Whether living in town or country, 
the softest of carpets, choice bric-k-brac, and frequent trips to Paris should be made. 

Continued 
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Group 6 

MUNICIPAL POSTS IN the COLONIES 

Openings for Teachers, Nurses, Engineers and Sur- 26 

veyors, and Medical and other Officers in British Colonies imprrtat RERvint 

oontlinipd from 


By ERNEST A. CARR 

Y[/ITH few exceptions, municipal activities are announcements of Colonial apjwintments most 

^ naturally far less developed in our Colonies frequently appear is probably the “ Munic*ij)al 

than in the ordered and close-knit life of the home Journal,” published at 12, Salisbury Squaie, 

country. But as the townships overseas grow London, E.C. 

in size and wealth, and the need for some sort of Public School Teaching. Tlie depart- 
public control becomes increasingly evident, a ment of public education, which in some coi ners 

system of local government grows up apace— of the Empire is in the hands of the responsible 

based for tlie most jjart on English models — Government, but is generally controlled by urban 

and affords employment for an official staff. To or district authorities, affords greaU'r scope for 

select a few striking instances, such towns as candidates from Great Britain than any other 

Melbourne, Wellington, Cape Town, and Johan- branch of the (blonial public services. Not that 

nesburg enjoy a municipal system of local service teachers from the Mother Country are in general 

as fully developed in many respects as that of request throughout the (V)lonies. In (Canada, for 

London, and examples are not wanting of example, although British qualifications are 

Colonial corporations with profitable undertak- recognised, the supply of tea^'hers trained within 

ings in gas, electricity, and similar ” municipal Dominion is, except in the North-West 

trading ” ventures. Territories, ample for the vacancies that arise. 

Openings for Englishmen. For readers Tlie same is tru(‘ of Queensland, New South 
in this country the greatest interest attaches Wales, and South Australia, 

to the practical question, “ What demand On the other hand, there are several (Colonies in 
exists in th^ Colonies for municipal officers which a d^'mand for educational volunteers from 

from England ? ” It must be admitU‘d at once, home occasionally arises, New Zealand and West 

in reply, that the general position in respect of Australia being instances in point. And in the 

municipal employment closely res'*mbles that ^onth. African Colonies, in particular, the dearth 

described in our preceding article with reference of qualified teachers occasions a constant request 

to the Government service. The Colony itsc'lf, in for outside applicants. 

a word, is usually able to meet its own demands ProsTM*rtive emigrants should remember, how- 
for candidates. ever, that the lack of local teachers ofUm arises. 

But this rule is not without many exceptions. at least in part, from the scanty remuneration 

Owing mainly to the local lack of training fa^'ili- offered by Colonial school authorities, and that 

ties, the leading Colonial towns apply from time fhe value of a salary is d'^termined, not by its 

to time to English sources for suitable officers— amount, but by its purchasing powtT. Western 

and particularly for such skilled servants as Australia is a case in point. On the Goldfields, 

school teachers, nurses, medical officers of health and in oth^r districts of the State, the cost of 

and sanitary insiiectors, and municipal engineers living is notoriously high, yet the average stipend 

and surveyors. of teachers is only £143. 

In such cases the selection of a suitable English Salaries of Teachers. TJie following 
candidate is usually entrusted by the corfiora- tabular statc^ment has been compiled to show 

tion concerned to its agent in London, who approximately the range of salaries in thoH(» 

advertises the vacancy either in an orgsn of the Colonies in which a snlistantial demand for 

particular calling from which application- riiv* British elcm^mtary teachers at present exists 

sought, or in one of the weekly or monthly Further details as to the pros|)ects of Colonial 

papers devoted to municipal affairs. Among teaching will 1 m* found in th'* invaluable “ Pro- 

publications of the latter class, that in which f(*ssional Handbook ” mention^'d on page 3550. 


SALARIES OF ELEMENTARY TEACHERS IN 

CERTAD 

r BRITISH COLONIES 


1 Priiifipals 1 

Malt*. FiMiidU*. I 

1 £ f 

AHKmianiH 

Mule. * Feiuak*. 

£ £ * 

1 lleiiiaikN 

South Africa: 

Capo Colony 

1 

250-42 > 

uw :r»o f 

12*'-3*iO 

80-240 


Transvaal 

30e-5l)0 


150-300 

00-300 

j- Demand con-iidcralilo. 

Orange Ri%er Colony . . 

25C-450 

150-225 1 

160-260 

00-200 

Wesiern Australia . . . . 

80-450 

70-350 , 

80-220 

60-200 

Many vafanoios in oortairi areuM. 

New Zealand 

60-375 ♦ 

6(»-22l * 

10(4-245 

80-205 

Openin/xs lor well • qualified 

N.-W. Territories (Canada) , 

1 30-280 

i 

80-175 

100-200 

65-130 

teaehers. 

Demand constant. 


houst* allowance of £10 to £50 
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South African Apfiointmenta. Vacan- 
cies for science teachers and for instructors in 
special subjects, such as g^nastics or cookery, 
are occasionally advertised in the English educa- 
tional papers. In such cases a second-class pas- 
sage to the Colony is usually provided gratis, the 
selected applicant, in return, entering into an 
engagement for tlmee or five years* service. The 
remuneration is fairly liberal ; fully certificated 
women teachers of cookery, hygiene, or physical 
drill receive £130 to £180 a year, and the rates 
for male technical teachers are about double these 
figures. 

In the absence of an agreement of this charac- 
ter, trained teachers in quest of employment in 
Cape Colony are recommended by the Emi- 
nants* Information Office to arrange, if possible, 
for a friend in the Colony to apply on their behalf 
for any suitable vacancy that is advertised out 
there. They should also address a written appli- 
cation for an engagement to the Secretary, 
Education Office, Cape Town. And if a candidate 
sends a statement of his or her qualifications and 
experience to the Department of Public Educa- 
tion at Cape Town, it will be inserted in the “ Edu- 
cation Gazette” — an official organ circulating 
among school managers and principals. British 
qualifications, it should be added, are recognised 
in the Colony. Teachers in the Western Province 
are required to be able to speak both Dutch and 
English. 

In the case of female teachers — and these form 
the majority of the educational staff at the Cape — 
application for employment may usefully be 
awessed to the Educational Secretary, South 
African Colonisation Society, 47, Victoria Street, 
London, S.W. Those who desire to complete 
their training in the Colony as elementary, 
secondary, or kindergarten mistresses can obtain* 
from the same Society particulars of the Training 
College for Women Teachers at Orahamstown, 
which is open under certain conditions to candi- 
dates from home. 

Alike in Cape Colony, the Transvaal, and the 
Orange River Colony, the supply of trained 
teachers is still inadequate to the demand, and 
there are, therefore, good openings for qualified 
candidates. But women teachers, especially if 
uncertificated, should not go out to either Colony 
on the chance of securing an engagement unless 
they have friefids with whom they can reside 
while seeking employment. They are recom- 
mended instead to seek the aid of the officials of 
the Emigrants’ Information Office, on whose 
advice they may rely implicitly. 

Teaching Posts Elsewhere. Degrees 
and training certificates obtained in the United 
Kingdom are accepted in Western Australia, 
where teachers are generally in request. But we 
have already mentioned as the chief cause of this 
demand the low salaries which fail to attract 
qualified officers. In view of the high cost of 
living, the maximum of £220 for assistant mas- 
ters, and £200 for their feminine colleagues, is 
admittedly inadequate. 

In New Zealand, although the avera^ of 
salaries is scarcely higher, the expenses of uving 
are far less, and there is consequently a good 
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local supply of candidates. But well certificated 
British teachers are in request, and those who 
can await the occurrence of suitable vacancies 
may find excellent opening from time to time 
in the public schools of the islands. 

Full information as to the presc^cts of employ- 
ment in the Canadian North-West Territories 
may be obtained from the Department of Educa- 
tion at Regina. Masters and mistresses trained 
in England are first admitted on an “ interim ” 
certificate, and must teach in the Territories for 
a year before receiving a full “ professional ” 
standing. As a teacher’s salary depends on the 
class to which he is admitted, candidates are 
recommended to ascertain from the Education 
Department before going out the standing to 
which their British qualifications would entitle 
them. 

Public Nursing. The official handbook 
for emigrants contains a paragraph on nursing 
in the Colonies which, though not restricted to 
municipal nursing, summarises so justly the 
prospects afforded by that particular service 
that it merits quotation : 

“ There are occasionally openings in the 
Colonies for a few trained hospital nurses. 
There are Homes for providing trained nurses 
in some Colonial towns, but, as anile, the Colonies 
do not offer any great attraction to nurses ; the 
openings are not very numerous, and the pay is 
small as compared with that of other callings.” 

In nearly all British dependencies of eveiy 
sort nurses who have been trained in the 
hospitals of the Motherland are readily admitted 
to practise, and have at least equal chances with 
locally-trained rivals in competing for appoint- 
ments in the asylums and hospitals of the 
Colony. Such positions, however, are not often 
advertised in this country, and are generally 
secured by candidates who are on the spot. 

Trained nurses employed in the public service 
in the New South Wales hospitals receive from 
£05 to £97 a year, without bo^’^rd and lodging, 
or £20 to £60 in addition to those allowances. 
This State possesses an Army Nursing Service 
Reserve, for which nurses are eligible between 
the ages of 21 and 40, provided that they have 
had three years’ training in a civil general 
hospital. In Western Australia the rates of pay 
are £36 to £90 for nurses, and £50 to £150 for 
matrons, with food and quarters ; but th(‘ 
highest figures are given only on the Goldfield ,, 
wdiere all the necessaries of life are dear. 

In the municipal and Government hospitals of 
South Africa the remimeration is also generally 
high. Trained nurses receive from £60 to £95 
a year, and matrons £100 to £180, in some 
instances with free quarters and washing. 
British hospital nurses in quest of appointments 
under the Rhodesian Administration should 
apply for terms to the ]^ndon office, 2, London 
-Wall Buildings, E.C. Applications for an en- 
gagement should be addressed to the Medical 
Director at Salisbury, Rhodesia, enclosing duly 
certified copies of certificates and testimonials. 

Asylum Staffs. Nurses in lunatic 
asylums in Australia are paid from £35 to £75 
a year, w'ith free quarters and rations ; and 
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matrons generally between £100 and £160, with 
similar emoluments. The rates for asylum 
warders in the Commonwealth vary oonsiderably 
in the several States, the highest pay being in 
Western Australia (£90 to £150, with quarters 
and rations) and the lowest in Tasmania (£60 to 
£80, with a like allowance). Candidates for 
posts as nurses or warders in Victoria must be 
Wween 21 and 40 years of age. 

In South Africa the remuneration of asylum 
officers, in addition to full or partial allowances, 
ranges within the following limits : Nurses, £40 
to £75 ; matrons, £85 to £150 ; and warders £50 
to £120. Salaries are generally lower in the 
asylums of Cape Colony than in those of the other 
South African territories. 

Although in strictness a private and volun- 
tary movement, this Association has now been 
aceorded a semi-official footing, by the action of 
the Colonial Office in employing it as the chief 
source from which nurses are drawn for Govern- 
ment service in the Crown Colonies. Apart 
from its most useful efforts in the direction of 
private nursing, the Association is thus in the 
position of an agency for State employment, 
and as such should be mentioned in our columns. 
ITie trained nurses furnished by this organisation 
to the Colonial Government are employed chiefly 
in British West and Central Africa, Ceylon, 
Hong Kong, the Malay States, the Straits 
Settlements, and the West Indies. The term 
of service is usually either three or five years. 
Nurses seeking an engagement of this* nature 
should apply to the Hon. See. of the Associa- 
tion, Miss Mowbray, at the Imperial Institute, 
London, S W. 

Engineering and Surveying Poata. 

The prospects of British engineering experts 
outsiae their own land is considered in the 
course on (^i\il Engineering, and it is necessary 
to add but a few words on the municipal 
side of their profession — which is generally 
less remunerative, by the way, than private 
practice. 

Colonial engagements as municipal engineer 
or surveyor are not often available to candidate's 
in this country. The exception! occur when a 
very responsible position has to be filled — sucli as 
the chief surveyorship of a growing city — and 
tlxere is a dearth of local candidates of tlu' 
requisite experience. Vacancies of this class are 
announced in the English engineering journals 
as they arise. Minor appointments are usually 
made from among applicants in the Colony 

British qualifications, however, are widely 
recognised, the M Tnst.C E., in particular, being 
as valuable in the Colonies as in this country. 
In Victoria, corporate members of that Institute, 
and those who have passed the examination of 
the Association of Municipal and (Jounty 
Engineers are eligible under certain conditions 
for appointment as municipal surveyors, and as 
such may undertake the construction of roads 
and bridges for the local authorities. On the 
other hand, the Lands Survey branch of the 
State Service is recruited mainly by surveyors 
trained in the department itself. 

Civil Servi 


A'part from professional posts in toohnioal 
colleges, the Colonial municipalities afford but 
few openings for chemists. The most important 
corresponds with the position of public analyst in 
an English borough. In the Canadian Dominion 
such officers are required to pass an examina- 
tion in chemistry and microscopy. Analysts to 
local authorities in New South Wales must bo 
approved by the Board of Health, which in future 
wdll rc'eognise only the Assooiateship and Fellow- 
ship of the Institute of Chemisti’y ; and the 
Victorian Health Board, which has similar 
powers, is scarcely less exacting. In many other 
parts of the Empire, however, the dete<*tion of 
adulterated food supplies has not become a 
pressing matter, ana thus the field for local 
government analysts is still very restricted. 

Other Offices. Other vacancies for munici- 
pal officers of various grades in the Colonies are 
announced from time to time in the English Press 
— ^generally on t(*rms sufficiently high to attract 
fully competent condi dates. Thus, for the positions 
of treasurer and assistant treasurer to a leading 
South African corporation, the respective salaries 
of £1,500 and £600 were laU'ly offered. Medical 
men possessing the public health diploma, 
and willing to sign a three years’ agreement, 
were invit^ by the agent of a Natal munici- 
pality to apply for the appointment of medical 
officer of liealth at a salary of £650 a year, 
rising to £750, with a first-class passage out. 
Again, a vacancy as chief of a corporation fire 
brigade in Cape Colony, with a remuneration of 
£6(W yearly, and free quarters, was recently 
advertised in this country. It may bo added 
that this post was secured by a candidate who, 
as the head of a considerable English fire force, 
had lieen in receipt of a salary of £130. 

Such instances servo to show that a well- 
qualified and fortunate municipal officer may 
rapidly advance his ambition by em igniting. 
But tWe is '^o Royil road to such advancement. 
Suitable vacancies are rare and e*igerly contested, 
and there may be long waiting end many 
disappointments to endure ere the aspirant 
ultimately attains success 

A Last Word. In concluding with the 
present article our survey of the Imfierial section, 
we complete also that greaU'r subject of the 
Civil Service of which this forms part. As we 
have sought to show, the Civil SiTvice of the 
Empir'^ is of unmatched variety and extent, 
affording scope in one or other of its three 
divisions — Municipal, National, and Impel lal — lor 
the most diverse talents and ambitions ; and th(5 
liberal though not extravagant roMards of each 
section arc available, without let or hindrance, 
to men of the recimsitc* abilities. We may, 
perhaps, lx* forgiven for emphasising anew, in 
conclusion, th^* qualities that make for success. 
They are, firstly, a sound training, and lastly, 
sti#*nuous and thorough work. In the (^ivil 
Service, os elsewhere, there are some incompe- 
tents and many mediocrities. But the men who 
succeed — the men who “ run through the ruck ” 
and win the prizes of the Service — are they whoso 
keynote is Efficiency. 
concluded 
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CHILDREN’S CLOTHING 

Suitable Material for Infant Wear. The Layette. A New 
Hygienic Set. Stitches and Methods of Sewing Employed 


By AZ^LINE LEWIS 


THE clothing of an infant should be light, warm, 

^ and oasily put on; tightness of any kind 
and heavinesB are unhealthy and unwholesome. 
All harS seams and ridges should be avoided; 
the fewer seams there are in a garment the better, 
whilst all armholes should be loosely fitting. 

Materiala for Baby Wear, As to the 
material, medical opinion is unanimous that 
it should bo 
woollen, pre- 
ferably all 
through. Ur. 

Gordon 
Stables says ; 

“The woollen 
garments 
may be as 
light as you 
pfease, but let 
them be wool. 

Wool keeps 
up the 
warmth more 
equally, and, 
if light, it 
does not 
‘ plot ’ the 
skin. Cotton 
cools down 
too soon, and, 
indeed, it 
may get cold 
while still 
wet with 
perspiration, 
is carried away too rapidly, and a chill to 
the delicate frame is the inevitable result.” 

Flannels, and woollen mate- 
rials too, arc now made in such 
beautiful qualities, and of such 
fine makes, that there need be 
no fear of the little one not 
being daintily clad. Cambric 
and lace may, of course, be used, 
but such things should only be 
employed for the over gar- 
ments, as frocks, petticoats, 
pinafores, slips, skirts, etc. ; 
nothing stiff or starchy should 
come near the face, neck or 
hands. 

In baby attire simplicity and 
daintiness should be the essen- 
tials ; the wee mite wants to 
kick and move its arms freely, 
and not become tangled up in a 
mass of meaningless frills. As 
a baby should spend the first 
months of its life in sleep and 
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much of the first period of its existence on its back*, 
it follows that no ribbons or strings should be tied 
here to cause pressure on the spine. Further than 
this, the ideal baby garments should all fasten 
either in front or at the side, never at the 
back, as no matter how soft the ribbon, how 
small the bow or buttons, these must cause 
pressure and irritate the soft and tender flesh. 

Layette. 
A layette, 
like a 

scan, varies, 
of course, in 
the number 
and quality 
of its compo- 
nent parts, 
according to 
means and 
circum- 
stances. 
There arc, 
however, cer- 
tain things 
which are in- 
dispen sable 
to any baby’s 
comfort and 
needs, the 
numbers of 
which may be 
added to with 
great advan- 
tage, whilst 
the cost and fineness of the materials with which 
they are fashioned can bo increased accordingly. 
The following, then, may be taken as a fair list 
of the least number of articles 
required for a layette : 

2 Binders 3 Pilchkins 
4 Woolly vests 3 Head flanneG 
4 Long flannels 1 Small soft 
6 Day gowns shawl 
4 Nightgowns 1 Large shawl 
4 Petticoats for outings, or 
2 Doz Towels a long cloak 

Bibs, bootees, gloves, veils, 
are all accessories for which no 
list can be given. For a town 
baby two silk skirts will be 
found 'very useful to slip on 
over the day gown, when it takes 
its everyday outing, whilst a 
little silk or cambric teagown 
is a very delightful addition to 
baby’s wardrobe, in which he 
can be smartened up in a few 
minutes, without changing. 


1. THE 

The animal heat of the body 



LAYETTE 



2. GARMENTS FOR THE “NEW BABY 







The ideal shape for this garment is the Alione 
which set is referred to later on. 

The Garments. Fig. 1 shows the various 
garments of the usual shape : 

The Binder. This consists of a straight 
piece of flannel, 5 in. or 6 in. wide and about 27 in. 
long, or more. It should be simply torn off 
and left raw-edged, and then 
there will be no ridge to press 
on the baby’s body (« )• 

The Vest. The vest should 
be of the finest wool, opening 
in front, as it will be easier 
to put on. and there is less risk 
of twisting the little arms (g). 

If the idea cannot be aban- 
doned that baby is not pro- A 
perly clothed without the 
shirt, this can come next, but 
is quite unnecessary, and is 
very little used, unless made of 
nuns’ veiling. 

The American Long Flan- 
nel. This, as will be seen, has 
the bodice front exl^endcd into 
points, one to be passed through 
a slit and fastened round the 
body (;). 

There is 
another 
long flannel 
of s o ra e - 
what sim- 
pler shape, 
which has 
the advan- 
t a g e of 
being 
equallv use- 
f u 1 during 
the short - 
coating and 

later periods by merely shortening the skirt. 
Note that the shoulder-straps fasten over 
in fi'ont and are of fairly good width, narrow 
tape being likely to cut and 
hurt the infant (c). 

The Petticoat. As to the 
petticoat, there is a slight 
diversity of opinion about it, 
some holding it to be neces- 
sary and others not, but a 
woollen-clad baby’s wardrobti 
would not contain it. It is 
usually made of fine longcloth, 
lawn, cambric, or linen, tucked 
and trimmed according to cir- 
cumstances. It should be only 
very loosely gathered round 
the neck (h). 

The Day Gown. This may 
be of cambric, fine hair-cord 
muslin, gauze flannel, nuns’ 
veiling, or Japanese silk, the 
last being preferred by many, 
as it is soft and washes so well. Trimming and 
materials are, of course, matters of taste (h). 

Tub Niohtqown. The nightgown should 
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be of Viyella, gauze flannel, fine white wincey, 
or nun’s-veiiing The pattern is the same as 
that for the day gown (/). 

Empire Gown or Robe. The robe can bo as 
smart as possible, the little bodice being formed 
of strips of insertion and tucking (o). 

The Head-Flannel. This should bo a 
sensible square of fine flannel, 
30 in. or 45 in. wide, not the 
small tiling usually made, 
which is always slipping off. 
One corner is rounded off, and 
has a casing run round to form 
a hood, ns the ski't^h shows. 
This should be large enough to 
go over the head comfortably 
(r). A crochet or knitted shawl 
answers this purpose equally 
well, if not better, provided it 
is of a close make, so tliat the 
tiny fingers are not caught in tho 
meshes. 

A delicate baby requires a Shet- 
land shawl to be cuddled up in, 
but tho same remark applies to 
this as to tho little head shawl 
with regard 
to the 
make. 

Silk 
Slip Skirt. 
Fig. 1 (d) 
shows this 
skirt, whicli 
has been 
already r(»- 
ferred to. 
With re- 
spect to tho 
out-of-door 
attire, a 
woollen 

shawl, of firm, close make, is really better and 
warmer for a baby than the usual long cloak, 
unless this bo made with sleeves to protect tho 
arms and hands. 

A little knitted hood is worn 
by both boy and girl babies for 
the first few months, but head- 
gear is mentiomd later. 

As to the towels, of whicb 
several dozens (’an well bo 
add(*d to the list, thes(' may be 
of birdsoyo or other diaper, but 
the best aregood-sizcd squares 
of turkish towelling, w hich can 
either bo bought ready-made, 
or made from the wide make of 
this material sold by tho yard. 
It can be left raw-edged, or 
simply overcast loosely with 
soft cotton, as a hem makes a* 
ridge which is likely to hurt, 
and is not advisable. 

The next diagrams show thci 
revised editions of baby garb, by the aid of which 
he can be dressed in five minutes, or Icsri, without 
any twisting or turning at all. 
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FSg. 2 Bho^ the few ^aud eimpte garmentl 
iteqwed by the **New Baby.** The bixider, 
consisting of two strips of Bannel (c), the innet 
one longer than the outer ; the Htde wootiy vest 
and the revised long flannel (a). This is out with 
armholes and sleeves extending to the shoulders, 
obviating the tightness of 
the usual shape, and avoid* 
ing the objectionable prac- 
tice of biding back the 
infant’s arm, which is neces- 
sary with the round arm 
oj^ing. The same pattern 
will do equally well for the 
small nightgown, for which 
the sleeves will be a littie 
fuller, and a little orna- 
mentation added, according 
to tastc^, either by feather 
stitching, lace, or em- 
broidery. 

The long sleeves make a 
flannel vest or barrow coat 
unnecessary, whilst the skirt 
portion, being buttoned to 
the bodice, makes a fre- 
quent change possible with- 
out undressing the baby. 

The little pilebkin is an 
addition which mothers and 
nurses will appreciate, its 
object being to prevent the towels dipping 
off. It is made either of flannel or hath towel- 
ling, and is merely a long, narrow strip of 
the material tapering off to a point at one 
end, the broad end ^ing secured by a button 
or safety-pin to the back of the long flannel, 
the point being brought up and fastened 
in front, either to the long flannel or the binder. 

Fig. 2 (b) shows a 
Princess day or 
night gown, as the 
pattern will do for 
either. It could lie 
made of dainty 
woollen or cotton 
goods, as preferred. 

This shape fastens 
over at the left side, 
the back being plain 
and seamless. 

Fig. 2 (d) shows 
another shape of 
nightdress of most 
delightful sim- 
plicity. It can be cut 
aU m one piece, or to 
fasten at the side, 
and for the vaccina- 
tion pmod will be 
found invaluable. 

In Fig. B we have the ideal baby garments, 
known asiheAliSn*'^ but as th^ are registered, the 
patterns can only he obtained from the inventor. 

Tntbese, as in the others just mentioned, a baby 
con be dressed in from three to five minutes, each 
garment being placed in its proper position, and 
me baby last, when they a«e fastens as i^wn, 
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by ta^ and buttons without once moving 
the child. The sleeves, it will be seen, button 
down theside of the arm. (a) ihows the binder ; 
(b) the set ready for putting on ; (c) the night- 
dress ; {d) the ear cap to prevent prominent ears. 
The ** softie** pilch belonging to this set. and 
brought out by the same 
lady, is the most comfort- 
able thing ever invented for 
a baby*s underwear, and 
should be in every baby 
wardrobe. 

Fig. 4 illustrates some 
other garments necessary 
to the baby’s comfort ; 
(f ) shows a square kimono ; 
{d) a circular one ; and 
(&) a tea jacket or outdoor 
coat. The two first should 
be of woollen material, 
whilst the last one may be 
more elaborate. 

Fig. 4 (a) shows the cloak, 
which, it will be noticed, is 
cut with sleeves, and is of 
ample fulness, (r) illus- 
trates a hood cut all in one, 
the shaping lieing done by 
means of darts. This can 
be fastened to the cloak and 
all be put on together. A 
knitted woollen hood or hat, however, is equally 
warm and oomiortable. The cloak can be of 
cashmere, OricBital satin, or Beugaline interlined 
with domette ; the lower cloak should be lined 
with nuns* veiling, and the upper ones with silk. 

Thm MwKiag wf tbe Garments. The 


actual making of bab 
but the workmanship 
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is simple, 
lid be of the finest 
and best, whether 
it is done by hand 
or machine. 

For the sleeves of 
flannel garments it 
is far better, for ob- 
vious reasons, that 
they should not he 
sot into a band, but 
drawn up by ribbon 
run through fancy 
stitches worked 
outside. Fig. 5 
shows three ways of 
acoompUshing this. 
The third merefy 
consists of peipen- 
dicular button- 
holes, and makes a 
little more work 
than the two upper 
^ ones. It is espe- 
cially suited to the head-flannel shown m Fig. 1. 

Insertions should always be transpacent, 
whether lor bodice, cufb, or lower part eff skirt 


Fig. 6 shows a 
insertioa aod lace, 
off a;t neck and lower edge. 

Continiied 


yoke of oamkeie 
the method of finiahmg 
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(OSCILLATION, in its mechanical sense, is the 
^ name given to a repeated to-and-fro move- 
ment like that of a pendulum or a vibrating spring, 
or to the movement of a shuttle in the loom. 
If a pail full of water be set down upon the ground 
with a jerk, the watar in it oscillates from side 
to side of the pail, the movement gradually 
subsiding till the water comes to rest. Elec- 
tricity, too, can oscillatt*, as we shall wk* ; and 
electricity in oscillation possesses certain pi‘cu- 
liarities which are different from those of elec- 


tricity at rest, or of electricity flowing steadily. 

Mechanical Oscillations. The most 
obvious type of natural oscillations is furnished 
by a peniulum, consisting of a weight hung on 
the end of a thin string which, if drawn on one 
side and released continues to swing with periodic 
regularity. Another simple example is that 
of a loaded spring. If we take a long, thin 
strip of steel, such as is used for clock springs, 
or for busk steels, and fix a bit of lead at one 
end of it, and clamp the other end in a vice, 
then if we give it a push on one side it \^ill 
immediately be set swinging, oscillating from 
siefe to side until it comers to rest. Some people 
would describe these to-and-fro movements of 
the pendulum or of the spring as vihratwns; 
others would describe them as oscilhit ons. 
Tt matters littli* what name we give to them 
provided we understand why they occur. 

Forces of Restitution. The first thing 
to understand is that oscillations never occur 
unless there are forces that tend to restitu- 
tion. That is to say, there must lx‘ present 
forces which lend to bring back the oscillating 
body, whether }K*ndulum or 
spring, to its initial position. 4 ^ 

Everyone knows that a spring, ^ 

when bent, will fly back, having 
forces of recoil. The more oik* 
bends it, the greater is the 
force of its recoil. If one 
bends it to the right it tends 
to fly back towai^ the left. 

If one bends it to the left, it 
tends to fly back toward the 
right. Let 225 represent a 
piece of stiff steel spring held 
upright in a vice, and 
Iiaving a lump of lead 
screw^ tightly to ite 
top. When at rest it 
stands upright, with its 
top at A. Suppose 
that we now exert a 225 

force sideways tending 

to bend it to B. The amount of force needed 
will depoid on the stiffness of the spring and 



on the amount of th<i displacement or distance 
from A to B. Suppose the spring were so stiff 
that a force equal to the weight of an ounce, 
when applied at the top, would push it aside 
by 1 in., then to pusli it aside 2 in., to C, would 
require a force equal to the weight of two ounces. 
Wlien pushed aside to B the force tending to 
n^stitution would be one ounce; when pushed 
aside to the force tending to restitution would 
be doubled. This is in accordance with the 
simple law of elasticity, 
that the force ttmding to 
restitution is proportional 
to the disyilacement. 

A similar law governs 
(hci movement ot the pen- 
dulum. Ijct 226 represent 
a simple ball of lead hung 
by a thread from a hook. 
If ont' sets it swinging, the 
/ ball swings along the arc ot 

/ a circh* ; it swings to and 

fro along a curved incline. 

^ „ Iwing constrain(‘d to k(»ep in 

220 that [)ath because it is tied 

to the hook as a centre of 
motion. l>et its position of rest b(' called A. 
Then by applying a side- way force one can 
displace it to B. Jbit if pushed to B ami 
released it will not stay at B. It immediately 
moves back a^ain to A. The force temding to 
restitution in this case i.s not elasticity, but 
gravity. Tlv^ earth pulls it downwards ; but 
as it is constrained to move along the curved 
path only a certain resolved fiart (d(*pending 
on the steepness of th(* incline at B) acts as a 
force urging it back toward A. If wi* give it 
a displacement twice as gnuit, to it expt'riences 
a force of restitution almost exactly twice as 
great as it did at B, becaiist* the Hte<*pm*ss of 
the incline at C is almost exactly doulilcj the 
sttsspness of the incline at B. So here again 
we find that the force of restitution at any 
point along its path is (approximately) pro- 
portional to the aisplocemont. 

Inertia. But everyone knows that tlu^ 
pendulum, when displaced aside from A to B 
or to C and then released, when it returns to 
A docs not stop there but swings on beyond to 
almost an equal distance on the other side, 
and then comes back again. Why should the 
pcmdulum swing thus V If the forces of restitu- 
tion are zero at A, why does the pendulum, on 
returning from B, swing on past A ? The 
answer is undoubtedly to be found in the 
property called inertia. Every mass, whether 
of lead or any other material, when it has been 
set into motion, tends to go on moving. Every 
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moving mass, as explained on page 290, possesses 
energy of motion, also called hinetic energy. 
When the pendulum bob was pushed aside it 
moved a little up the incline, and in doing this 
work some energy was sp^t upon it. That 
energy thus given to it, it transforms, as it 
descends the incline, into energy of motion, 
which energy is still in it as it flies through the 
point A ; and it expends this energy by climbing 
up the inclined curve on the other side to an 
equal height. As it comes down again, it again 
gets up speed, which will again, because of its 
inertia, larry it up once more to B or C. And 
so it oscillates backward and forward, the 
energy given to it during the first displacement 
being transformed into kinetic energy as it comes 
down, and retransformed into potential energy 
as it goes up the curve. 

It is similar with the loaded spring. In 
bending the spring, we give it potential energy 
[see page 289], which, during the recoil, is 
transformed into kinetic energy, the power 
of the spring being employed in putting the 
leaden mass into motion ; and the inertia of 
the moving mass carries it back past the point 
A, and it flies over to the other side, rctrans- 
forming tlie energy of motion into the potential 
energy of the bent spring. 

Neceasary Conditions for Oscil- 
lation. We see, then, that the necessary con- 
ditions for mechanical oscillation are two in 
number: there must be (a) forces tending to 
restitution : and (b) inertia. Further than 
this, a very few experiments will convince us 
that the frequency of the oscillations depends 
on both these things. For, consider the spring 
[225] already described. It has a certain stiffness, 
and it is loaded with a certain mass. If we make 
it stiffer (by shortening it, or by substituting a 
thicker piece of steel of the same length and 
quality), it will recoil more quickly, and the 
frequency of the springs will be increased. If 
we make it weaker (by lengthening it, or by 
substituting a thinner spring of the same length), 
it will oscillate with slower swings. Or, again, 
if, keeping the stiffness unaltered, we load the 
spring with a heavier mass it will swing more 
slowly, and the frequency of the oscillations will 
be reauced. . The exact rme governing the matter 
is that the sqmre of the frequency ia directly pro- 
portional to the stiffness of the spring and inversely 
proportional to the mass. 

Decay of Oacillationa. Any vibrating 
spring or pendulum will gradually come to rest, 
the amplitude of the oscillations gradually 
decreasing until the motion dies out. This is 
because of friction. There is friction at the 
point of suspension, if the pendulum rocks about 
a point, or in the cord if it has to bend where 
it is ti(^ up. There is internal friction in the 
bending })art of the spring. Also both the pendu- 
lum and the vibrating spring stir up the air in 
their movement, and waste a fraction of their 
energy in fluid friction at each swing, so that at 
each recurrence of movement the amplitude 
of the swing is a little smaller than it was at the 
previous swing ; and this waste of energy by 
friction, however slight, will gradually cause 
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the motion to deoav and the oscillations to die 
away. The time taken for the amplitade to die 
down to half of its initial value m^ be regarded 
as a measure of the rate of decay. H the swinging 
part presents a large surface to the air, it sets 
up much air friction, and the oscillations will 
be quickly damped out. 

Production of Electric Oecilla- 
tione. Now, vhat is true about mechanical 
oscillations is true — by phmcal analogy— of 
electric oscillations. In ordter that electricity 
should oscillate at all, the system must fulfil 
two conditions: There must be (a) electric 
forces tending to restitution ; and (6) something 
acting as electric inertia. We must inquire 
what these things can be. 

In the last article [page 3579] we saw that 
when a condenser is charg^ it tends to discharge 
itself. While an electric current is being forced 
into it its potential rises, and the greater 
the charge given to it the more powerfully 
does it react, tending to drive the charge out 
again. In fact, the layer of dielectric in a 
condenser, whether glass, mica, or air, acts 
as if it possessed electric elasticity. The larger 
the area of its coated surface, and the less 
its thickness, the more easily is it charged. 
The thicker the dielectric and the smaller the 
area, the more stiffly does it react. The forces 
of restitution which it oflers to the operation of 
charging are inversely proportional to its 
capacity, and directly proportional to the 
charge that is in it, and they are electromotive 
forces, not mechanical forces. 

Further, it was pointed out on page 1362 that 
w^henever a current has to flow round a coil or 
spiral so that it does some magnetising there is 
a reaction due to the intcrlinkage with the 
ma^etic lines. This reaction manifests itself 
during the time when the current is growing 
by causing the current to grow more slowly — in 
other words, by producing a lag. It has another 
eflect on a current that is dying — namely, that 
it opposes the diminution of the current, and 
keeps it flowing even after the electromotive 
force has ceased. This reaction, caused by the 
magnetism of the circuit itself, is termed sdf- 
induction, and it is purely conservative. It 
opposes all change. When the current is growing, 
it opposes growth ; when the current is decreasing, 
it tends to keep it up. The effect, then, of 
the presence of self-induction in a circuit upon 
the flow of the current is exactly analogous to 
the presence of inertia in mech^cal systems. 
Judging, then, by analogy, we should expect 
electric oscillations to arise in an electric circuit 
if that circuit fulfilled the condition of containing 
(a) a condenser, and (6) a magnetising coil. In 
other wordd, there must be in the electric system 
bo^ capacity and o^lf -induction. 

Oaclllatiag Electric Sparke. Suppose 
that we take a condenser, 
consisting, as described in the 
last article, of glass plates^ 
between sheets of tin foil, 
and join it up in a circuit 
along with a self-induction 
eoil. Fig. 287 represents such 227 
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a oirouit, K bein^ the condenser, and L a self- 
induction coil made of a number of turns 
of insulated copper wire wound on a suitable 
wooden frame as a bobbin. Such a circuit is 
suitable for electric oscillations, and the fre- 
quency of them c€Ui be calculated if the capacity 
and self-induction arc known. The formula is : 
/= l+(2irx \''KL); 

where / is the number of oscillations jier second, 
K the capacity in farads^ and L the self-induction 
in henries. Thus, if the capacity be 10 micro- 
farads (that is, Tiirfimn ^ farad), and the self- 
induction is henry, the frequency will be 
1,591 oscillations per second. 

But although such a circuit may be adapted 
for electric oscillations, and have in this sense a 


frequency of its own, the difficulty will be to 
set up any oscillations in it. For many years it 
was not known how to set up such oscillations. 
What is wanted is some electric operation that 
will correspond to the opt*ration, in the mechani- 


cal analogy of the loaded spring, of producing a 
_ displacement and then letting 

Y it go. For this purpose the 

•rll I circuit must be provkUnl with 

||| ^yunj a gap, as shown in 228. Tlie 
^ j wires at the two sides of the 

gap should be furnished with 
228 I ^ I brightly-polished metal balls 
j \ set about in. apart, and 


connections should lie made as shown to some 


suitable high voltage source such as an influence 
J machine or an induction coil capable of giving 
sparks. Then what happens is this ; Tlie current 
, running in from the source* charges the cond'^nser, 
and gradually raises the difference of potentials 
between the two balls until the air insulation 


between them breaks down and a spark occurs 
at the gap. This spark will Iw .noticed to Ihj 
bright and noisy. It really consists of a whole 
series of sparks oscillating rapidly to and fro. 

Nature of Oscillating Sparks. Half 
a century ago Lord Kelvin predicted from 
mathematical considerations that the dicharge 
of a Leyden jar through a wire coil would be 
oscillatory. Some years later Feddersen proved 
it to be so by observing the spark in a revolving 
mirror, when it was found to consist of a number 


of separate sparks that rushed in rapid succession 
across the gap in alternate directions. The 
necessity of the gap was pointed out in 1875 
by the present writer. The explanation of the 
oscillations is as follows : As the condenser is 


more and more charged, its electric elasticity 
tends to drive the charge back more and more, 
until the moment comes that the insulation 


at the gap breaks down. Then comes a sudden 
surging of electricity out of the positive coating 
of the condenser, rushing along the circuit across 
the gap and into the negative coatii^ of the 
conden^r. But Ijecause of the self-induction 


of the circuit this rush of electricity goes on after 
the condenser is empty, and in so rushing on 
charges it up the other way. Then comes 
a rush back across the gap in the converse 
direction, and so backward and forwards. 
The nature of an electric oscillation may be 


indicated graphically by the diagram 829a, in 
which the horizontal distance represents time, 
and the vertical 
distances the 
charge, positive 
or negative. The 
whole series of 
surgings begins 
with a sudden 
rush, followed by 
the subsequent 
alternations at a 
regular fre- 
quency. But 
each rush is 
feebler than the preceding one, and they die out, 
just as mechanical vibrations do. If the circuit 
offers a high resistance — as, for example, is tlu* 
case when a wet pack-thread is introduced into it 
— the train of oscillations will be rapidly damped 
out. Also, if the arrangement that acts as con- 
denser has much exposed surface, some of the 
cmergy of the moving electricity may escape as 
electric waves (as will be explained in the next 
article), and then also each train of oscillations 
will consist of but a few memliers, as 229!». If 
there is no appreciable resistance, and no appre- 
ciable radiation of energy in waves, the oscilla- 
tions may be persistent, each train consisting of 
some thousanrls or even liundreds of thousands of 
successive oscillations. Fig. 229r shows a more 
persistent train of oscillations than (hither a or b. 

Resonance. Tf two circuits bo construct(*d 
as to capacity and self-induction so that they 
have the same natural fre(|uen(*y» they are 
capable of resonating one to tht* other — that is, 
if electric oscillations are set up in one of them, 
it can induce oscillations in the other. Sir Oliver 
Lodgt* has shown some exceedingly beautiful 
experiments on this plan with two circuits, 
which wiTO tuned — that is, brought into synt-ony 
with one another. Let Kj and {280] rejircsent 
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a capacity and a self-induction coil of a circuit 
having a spark-gap at A, connected with wires 
to a Buitabh* charging source such as an influence 
machine. IxjI the second circuit be arranged 
with capacity K., and self-induction coil I..^, and a 
spark gap B. Tlie two must be tuned by altering 
either K.^ or L.^ until the condition is attained 
that Kj X L 2 - K, V Lj. Also, the two self- 
induction coils must lx; put near each other so that 
they con act inductively (like primary and secon- 
dary of a transformer) on one another. Then, 
whenever a spark is made at A in the one circuit 
a spark will occur also at B in the other circuit. 
But if the timing be spoiled by having either 
too great or too small, then there will be no 
sparks at B. Rir Oliver Lodge showed this 
experiment with two Leyden jam and two 
simple semicircular arcs of wire. 
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of tbe foregoing will readily appreciate, it is 
oossible only on account of the comparatively 
fight loads and slow speeds to which the tram- 
lines are liable. And already in cities where the 
speed and weight of the tramcars are more than 
the average, its disadvantages are becoming 
apparent. It suffers much from the hammering 
effect of the wheels, and immediately any part 
is loosened, the hammering or pounding becomes 
aggravated at that place, rapidly causing destruc- 
tion of the part. The introduction of wood 
between the rails and the concrete is therefore 
desirable where heavy traffic is anticipated in 
order to provide sufficient “ give ” to absorb 
the shocks. 

The concrete may consist of four parts broken 
stone, two parts sand, and one part cement. 
The chief advantage of concrete beneath a street 
is that aunifo. 1 rofilo is more easily maintained 
U{»on the surfai*' which assists drainage and has 
the good appcaranco which the public demand. 

Laying the Ralls. The setting of the 
rails upon the concrete may be done in several 
ways. After 
the concrete is 
set it ■will 
always be 
found that the 
surface is not 
true enough 
to enable a rail 
to be simply 
]ilaeed upon it. 

TIr' eonereti* 
may therefore 
be laid within 
a short dis- 
tance of the 
lev<*l of th<* 
base of the 
rail and the in- 
t e r ni e d i a t (* 
space — say an 
inch — made 
good by blocks 
or wedges. 

Then, when 
the rail is in 
{Kisition, the 
space may be 
completely 
tilled in with 
fine concrete. 

In places 
where the con- 
crete is unduly 
high this is not 
always easily 
done, and then 
there remains 
but a thin, imperfect layer of cement, very 
bable to onimble under the traffic. 

Granite chips are sometimes introduced to fill 
the spa(‘e, or the rails mav be placed first in their 
correct positions, and held by temporary supports, 
while tne concrete is put in beneath them and 
carried up over the base of the rail, so as to 
include it. To effect this tbe concrete must be 


rather wet, and care must be taken that it is well 
worked in beneath the rail and smoothed off 
before it sets. If wood bo used as a cushion 
lieneath the rail, the laying of the concrete is 
done in the same way, except that it is seldom 
carried above the level of the bottom of the 
wood. The wood is commonly made 7 in. wide 
and 4 in. deep, and should, of course, he tho- 
roughly ereosoted. One of the objections to 
concrete beneath the rails is the time required 
for it to set ; this greatly interferes with rapid 
completion of the work, since it would ho its 
destruction to allow traffic to begin until the 
cement had hardened. There is, conseipiently, 
a groat temptation to us<‘ \ery quick-setting 
cements for this work, whereas the cements that 
show the greatest durability are slow' setting 
cements. 

The gauge in a tramway of this kind is not so 
easily defined as on a railway, on account of 
the wheel flanges running in a groove. To take 
rolling sto(‘k os mode for a railw'ny of the same 
gauge, the distance from the outside edge of 

one groove to 
the outside 
edge of the 
other should 
be half an mvh 
less than the 
railway gauge, 
and the groove* 
rather larger 
than it is 
i»rdinarily pe'r- 
mitted to be 
made for inmi- 
ways. J* h e 
gauge* IS main- 
taine'd by tie- 
bars, plac(*d at. 
inUTvals of 
(1 ft. or meire 
lM‘twe5en the 
rails. See the* 
half seetiein in 
71. 

RailJolnts. 

The jeiints of 
the rails are* 
e* V e* n mo r e 
t rouble- 
Home* U])e)n a 
Irani way than 
on an ordinary 
railroad, since 
they are 
covered up 
and inaec(*H- 
siblc, except at 
the cost of 
taking up the roadway. Sorae‘times lioxes are 
provided alongside to enable* them to Lm* got at, 
but unless the boxes are large enough to enable 
the whole of the joint to Ik* examined, and the 
bars to lie removed and replaced, they are nejt 
of much benefit. 

When a joint becomc»s leiosc*, ,dirt and grit 
■work in between tbe parts and prevemt any 
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efficient tightening up, so that the must be by means of a hooked end iron hanging there 
taken out and cleaned before being tightened. for the purpose. The actual point in the frogs 

The rail joints of a tramway may be examined and other parts liable to special wear are 

by placing on the top of the rail, orer the joint, usually composed of specially hardened metal, 

a straight edm 5 ft. long. If a depression of and the groove may here be made more shallow, 

as much as ^ in. appear at the joint, it must so that the wheek roll on their flanges while 

be seen to. passing the gap, and thus diminish the bump. 

Another system, that does not necessarily which cannot be entirely avoided, 
exclude the above, is to overhaul thoroughly all Resistance. When the groove of the rail 

joints at regular intervals — say, once a ^ Wornes choked with dirt and stones, 

year. \ \ / I wheel flanges grind upon it, and 

One advantage of having the rails y ' this effect, together with the friction 

hemmed in on both sides by blocks of on the sides of the flanges, causes the 

wood or granite sei/ts, is that the diffi- resistance to traction on such tram- 

culty of making good joints is not ways to be double that on an ordinary 

complicated by the necessity of allowing line of railway. 

for the expansion due to temperature. Paving. The paving of the road 

Since the track cannot move sideways, between the tram-lincsi and on each 

the only effect of expansion or contrac- side of Uie rails, is a fatter of great 

tion is to produce stresses of ten- importance to the proper main- 

sion or compression in the rails ^ tenancc of the way. Wood paving 

themselves, which they are well 73 teamway rail “ often insisted upon, and there* 
able to sustain. is danger that the swelling of the 

Continuous Rails. The rails may there- wood between two rails after prolonged rain 
fore be made continuous by welding each one should destroy the gau^ by bending the 
on to the next, so that there are really no rails or tilting them. When wood paving is 
joints at all. The welds may be effected by used, it is therefore necessary to have sub- 
means of cast-iron, by electricity, or by thermit, stantial tit's, placed closer toother than would 
The first requires a miniature blastfurnace to otherwise be necessary. file wood blocks 
produce the cast iron, the second a formidable will then sometimes arch themselves between 
electric apparatus, but for the third only a the rails, causing a hollow beneath, while the* 
few pounds of mixed ferric oxide and finely- swelling lasts. For facility in making repairs, 
divided aluminium is wanted. This, on ignition, asphalt is to be preferred as a paving material ; 
supplies a quantity of superheated molten it is also to be preferred for hygienic reasons, 
iron, and by means of this a very intimate union giving less access to unwholesome organisms, 
is effected between the two rads. The chief But for durability and economy, hard woods 

drawback rests in the possibility of failure, give better results than aspbalt, and a safer 

Bad workmanship on an ordinary joint may be footing for the horse traffic. Granite setts arc 
rectified without much trouble, but if a weld not tolerated in most towns on account of 

fail, the ends of two rails arc ruined. The heat the noise made by the traffic over them, 

involved in a weld is so great that time must be Tliey form, however, one of the best defences 
allowed, before proceeding too far, for cooling to to that most troublesome form of wear which 
take pl^e, with its accompanying ccmtraction is occasioned by the tendency of the other 
of the rail. This somewhat limits me speed with vehicular traffic to run close to the tram- 
which a tram-line can be laid with welded joints, rails. 

Points and Croaainga. The curves and The tram rails themselves form a track of 
angles being necessarily sharper upim a street least resistance, at which the horse traffic seems 
railway than upon an ordinary railway, the to aim by getting at least one wheel on a tram- 
points and crossings cannot be straight ; they raiL Even if this be successful, unless the gauge 

must in all cases be specially eonstmoted to of the vehicle is the same as that of the tram- 

the angle and to the degree ol curvature to be Ime, the other wheel will be just off ; and usuaUy 

laid out in the place they are to occupy. This both wheels are running off and on all the time, 

special construction takes time, and all etc., causing excessive wear to the road in the 

that must be specially made, ^ould be ordmd neighbourhood of the rails, which is unduly 

from the manuiaotuiers as early as possible, expensive to make good, 

since the eompletion of the work is necessarily - Tmmwny Comtm, The cost of laying a 
delayed until they are delivered and put down, street railway will be approximately £4,500 to 
'Whether for facing points or trailing points, £5,500 per mile of single Ime. Of this, the rails 
a single tongue is sufficient, and most commonly and fastenings will ai^count for 20 to 22 per 

used. Its use obviates the need of a pointsman, cent. ; special work in points and crossings, etc., 

except in times of very heavy traffic. 9 to 10 per cent. ; ballast, sand, and materials 

On less frequented roads, the motonnaa stops for oonorete, 13 to 15 per cent. ; paving material, 
just over the point as he comes up to it, and, 29 to 32 per cent. ; labour, 15 or 16 per cent., 
leaning over the dashboard, can alter its position the remainder being misoelianeous. 

Continue 
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By WILLIAM 

the workmg of timber in the shop, there is 
usually some preliminary marking out neces- 
sary, and then the first tool used is the saw, 
including in the term every kind, both machine 
and hand saws. The saw is by for the most 
important of all woodworking tools, and its 
value increases rather than diminishes, notwith- 
standing the great variety in modem tools. 

Workshop Economy, Careful workmen, 
no matter what class of work they may bo 
doing, always try to avoid waste of material. 
In cutting up timber some amount of waste 
is inevitable, but this may be needlessly increased 
by want of forethought in selecting and marking 
out. Small pieces, for instance, should not he 
cut from boards if it bo possible to get them 
economically out of other small pieces — the 
odds and ends left over from previous sawing. 
The aim should b<^ to have these scraps left over 
in os few pieces, and as large as possible, so that 
they may be utilised for other purposes. 

In cases where the shrinkage of timber would 
be very objectionable, the marking and sawing 
out of material should be done as long os possible 
previous to planing or otherwise finishing 
individual pieces to exact dimensions. If pieces 
are finished to dimensions immediately after 
being sawn, and are then allowed to stand 
while other parts are being got out, or even if they 
go into place immediately, they will shrink dr 
liecome distorted to a greater extent than if 
the freshly-sawn pieces were allowed to stand 
for a few days to shrink and spring as much as 
possible before their final reduction to size. 

Sawa, In well-equipped shops there are 
always band and circular saws, but wo do not 
propose to discuss them here. They are dealt 
with in the section on Woodworking Machin(*ry. 
The various saws for use by hand are always 
employed, more or less, in those shops where 
theie are machine saws also, because it is often 
inconvenient or impossible to carry the work 
in progress to a machine, and in many cases it 
is not worth while. In the majority of instances, 
also, the first cut to be made is ^en across a 
board or plank, and as a rule this can be done 
only with a hand saw, or a two-handled cross- 
cut for thick planks and squared timbers, or 
with a circular saw at the end of a swing arm. 

last-meiitioned tvpe is used only for cross- 
cutting large pieces of timber, and consequently 
is kept only in shops where very large amounts 
of material have to be dealt with, but even 
then ^ ordinary hand saw is not dispensed 
with entirely. 

The tenon, dovetail, panel, bow, and pad 
saws also have their uses even in the best 
machine<«quipped idiops, notwitbatanding that 
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the larger saws, such as thc^ two-handled cross- 
cut, the pit saw, the rip, and half-rip, have all 
been reduced in importance by the increasing 
use of machine saws, and by the greater variety 
of sizes in which timber is supplied from the 
mills, thus lessening the amount of heavv sawing 
which the consumer bos to do. The two- 
handled cross-cut is still very useful in the same 
way that the liand saw is, except that it is 
employed for a heavnci class of work ; and most 
carpenters possess a half -rip saw for ripping with 
the grain. Tlie rip and pit saws may bo regarded 
as almost obBoleti\ 

Saw Teeth. Saws vary in general form, 
and in the sha}H> and size of their teeth, aooord- 
ing to the kind of work for which they are 
intendtKl. As a general rule, for largo work, 
large tyjX's of saws with large teeth are required, 
and for small work the reverse. The teeth angles 
vary ac^cording to whctlior the saw is intended for 
eroHs-cuituig or ripping, or for hard or soft wood. 
Figs. 77, 78, and 79 show the angh'S of ordinary 
t(*eth. Saws for ripping ( 78J have more hook oi 
forward rake than those for cross-cutting. The 
amount of set, or extent to which the teeth are 
lH‘iit slightly to each side alternately, varies, for 
the same reasons, from nothing to a considerable 
amount. Saw blades are always made as thin 
as possible consistent with sirengih. This is 
because the less material the saw removc*H the 
more (easily t does its work. 

The Hand Saw. The ordinary hand saw, 
although it is the largest one in common us(% 
IS the most necessary to wood workers. It is 
intendtni chiefly for cross-cutting, hut is used for- 
ripping also, unhsiH a half-rip be available. In 
a shop where there is a machine saw of any kind, 
only small amounts of ripping are ever required 
liy hand. The usual length of the hand saw is 
26 in., with five or six teeth to the inch, often 
slightly diminishing in size and consequently in- 
creasing in number towards the point or farther 
end of the saw. The blade also is generally slightly 
thinner here than at the handle, where mon» 
strength is required, and the back is thiimer than 
the portion where the teeth are, so that the 
blade will pass through the cut with as little 
friction as possible. A good saw blade should 
bend easily, and spring bock perfectly straight 
agaiit. The bending should be uniform, indicat- 
ing that there are no inequalities in thickness and 
in temper. No twists or \nmw should be visible 
when the surface of the bla^ is viewed edge- 
wise. Neither should there be any local slack or 
strained places in the blade. These, if they arc 
bod, will be visible in the want of truth of the 
surface, but they may be detected more readily 
by a peculiar rattling sound which the blade will 
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emit if shaken. The handle should be securely 
attached. If there be the slightest looseness 
between the blade and handle, it will become 
worse in course of time. 

Setting. The set of a saw is the amount 
to which the teeth are bent sideways, as shown 
in 77 and 86. The purpose of this is to make 
them cut a kerf wider than the thickness of the 
blade, so that the latter will follow easily. The 
maximum amount of set is required in saws 
intended for cross-cutting soft wood, especially 
if the wood be not thoroughly dry, and the 
minimum for ripping hard dry wood. There are 
a number of metho(£ of imparting this set to the 
teeth, and it is necessary to do it periodically, 
though not every time the saw is sharpenc'd. 
The simplest method is by means of a hand- 
set [801, with the saw held either in a vice or in 
the hand. As it is important that the degree 
of set should bo uniform, this method cannot 
be recommended unless there is also an attach- 
ment for stopping the set at a certain point. 
Another simple way is by means of a hammer on 
a bevelled or round-edged block [81 and 83]. 
This also requires some amount of skill in order 
to ensure satisfactory results, though it is the 
one commonly adopted by professional saw 
sharpeners. A more exact method is by means 
of a block and punch [82], four different bevels 
being cut across tlie block, and the saw set on 
the one best adapted for it. Another, suitable 
for small saws, is to punch them on the end of a 
block of hard wood. There are also a number 
of useful appliances sold, such as 85, that ensure 
precise results. Instead of being set, teeth are 
sometimes swaged or compressed by a suitable 
appliance to on increased thickness near their 
points. 

. Sharpening. Saws arc sharpened by filing 
the teeth with a three-cornered file [87]. This 
lias the same section as the tooth spac<\ and thus 
files the front of one tooth and the back of the 
preceding one simultaneously. One, two, or 
three strokes of the file may be necessary to 
remove sufficient material to r(*store the keenness 
to the tooth point, and to make the entire depth 
of the gulletiiig of the tooth the same as it was 
originally. Thf^ file is not held at right angles 
with the blade, ‘but is tilted to produce acute 
instead of square edges to th'* teeth. It follows 
the set, therefore, alternating with each tooth, 
80 that all the teeth that lean to one side have 
aoute points at their outer faces on that side, 
and all the others alternating have acute points 
on the other side. This may be seen in the end 
view [ 86 ], showing the set. These angles must 
also 1^ uniform; and to simplify the work os 
much as possible, all the alternate teeth ore done 
with the file leaning one way, and then the saw 
is turned round in die vice and the reverse teeth 
done. This transverse angle is greatest in saws 
with most set. Where there is no set, the edges 
ore generally filed square. 

It is necessary also that the points of the teeth 
should all be level. They are mode so by topping 
them with a fiat file fM] before sharpening. 
Sharpening is always done with the saw held 
teeth upwards in a long-jawed vice, the teeth 
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projecting only slightly above the jaws. Very 
often a pair of wood jaws, or two strips of 
wood the full length of the saw, are clamped 
within any ordinary bench vice, the saw being 
enclosed between them [84 and 87]. 

Lining Out. Work is marked out by 
various devices. For cutting down boards, a 
chalked line is used [88], which is a strained 
cord held by a man and boy at opposite ends, 
or held at one end by a bradawl and pulled by 
a man at the other. Then, being strained up 
vertically at the centre, and allowed to snap 
back on the stuff, the chalk transferred from 
the line to the timber leaves a perfectly straight 
white mark for cutting by. For marking across 
boards, the try square and lead pencil are used 
[90]. Pencil lines are sometimes marked parallel 
with an edge by using the rule and forefingers 
as a gauge [91]. 

Sawing. With the exception of the two- 
handled cross-cut [89], all the saws cut during the 
forward thrusting stroke, and not when l)eing 
drawn back. In starting a cut, little or no 
jjressure is applied, but the saw is moved slightly 
backwards and forwards in very short strokes, 
guided by the thumb of the left hand [93], until 
the teeth have fairly entered the stuff. The full 
stroke is not given until the saw is well into its 
cut, and in no danger of slipping out. Then 
the left hand may Ix' removed and used to steady 
the wood [92), or when that is not necessary, it 
may assist th(* right in working the saw [94]. The 
wood is held in the most convenient position for 
sawing, and means must be taken to balance or 
hold each portion so that it will remain in its rela- 
tive position until th(‘ saw is corajiletcly through. 
Otherwise, the fall of one or both parts before the 
cut is completed will split the remaining portion 
away. Or if, in sawing across a board, the piece 
Ix' supporU'd near the ends, and is being sawn in 
the middle, the severed portion will tend to close 
and pinch the saw. The “ cut ” should, if 
jK^ssible, be strained slightly open, so that the 
saw will work easily, and in working across grain 
the sawing shoulcl finish as lightly as it com- 
mences, because even a slight breaking away of 
the fibres at a comer is often seriously detri- 
mental. 

The most convenient position for sawing boards 
is to lay them on stools or trestles [92, 93, and 
94]. This raises them to a convenient height and 
leaves room below for the saw to work through 
them. Occasionally, only one saw stool, or a 
box, or any support about 2 ft. or more in 
height, is used, the board lying at an angle, 
with its farther end on the ground ; but two 
supports, at a suitable distance apart, are best. 
Short pieces of wood are often held in the vice 
[95]. but this is suitable only for cutting with the 
grain, or sawing out sweeps. A great deal of 
sawing is done on the bench, either against the 
bench hook [96], against the stop, or against dogs 
driven into the bench, but the tenon or other 
small saws are mostly used for this work. 
Fig. 97 shows sawing against a mitre block. 

Sawing Straight. Considerable pactice 
is necessaiy before anyone can saw to a line and 
out squarely through the wood, the latter being 
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more difficult than the former. A straight line 
often proves more difficult to follow than a 
curved one, because in the latter case a narrow 
saw, the course of which can be instantly changed, 
is used, while if a hand saw inclines away from 
the line it can only be brought back gradually. 
A saw may be following a line, and yet be con- 
siderably to one side of it on the other side of 
the material — that is, the saw is not plumb. 
This is an error that a beginner is certain to 
make, and should pay especial attention to when 
sawing thick stuff. The Wdency is generally 
to incline the handle end of the saw toward the 
side on which the person is standing. By giving 
it what seems a contrary slope, it will then 
generally be found to cut squarely, and afUT a 
little practice the operator’s eye will tell him 
whether it is cutting square, or inclined to 
either side. Until the eye* is sufficiently trained 
to do this, tests may be made, if necessary, with 
a square during the progress of a cut. 

Straightening the Saw. If a saw 
is in the habit of running persistently to one 
side of a line it will generally be found to be 
due to a defect in the saw itself ; either that 
the blade is twisted slightly, or the teeth have 
more sot on one side than on the other. An 
untrue saw blade, or one in which the tension 
is unequal, is corrected by hammer blows ; 
but if it be hammercKl elsc'where than in just 
the right places it may be made worse and 
bruised with hammer marks as well. Twists 
and lumps may lx* removed by laying the blade 
on a flat block of metal or hard wood, and ham- 
mering them down. Slack and tight places in 
the blade require skilful treatment with a 
hammer. The principle is that tight or strained 
places can bi» slackened by hammering, which 
spreads the metal in those parts and at the 
same time makes adjoining slack places uniform 
in tension with those which were tight. Places 
that are slack will, if the saw be held horizontally, 
fall, or can be? easily pressed into a concavity, 
while the tight surrouiidmg part remains leve^ 

Planes. The three principal planes used 
by woodworkers are the trying^ jack, and sTnootk- 
ing planes. These are always kept on the 
vice end of the bench, with their fore parts 
rt'sting on a strip of wood which prevents the 
cutting edges from becoming damaged by 
contact with th(' l>onch. These planes and 
their uses have already been described in the 
chapter on tools [page ^B5]. They are made 
both in wood and metal, the latter btung pre- 
ferable, but as they are more expensive they 
have not yet become so popular as wooden 
planes. 

If the surface of a piece of timber has to be 
made merely smooth, regardless of accuracy, 
the smoothing plane is used, sometimes pre- 
ceded by the jack plane when the surface is 
verv rough or irregular. If it has to be planed 
truly — that is, with perfectly flat faces, square 
with each other — one face is first roughed 
down with the jack plane and then finished 
Mrith the trying plane. Next, an edge is planed 
straight and square with the true or trying 
face. Then the gauge is brought into use, and 
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the opposite edge gauged and planed parallel 
with the first. The thickness is now marked 
with a gauge, and the second face reduced 
almost to the gauged lines with the jack plane, 
and finished with the trying plane. The ends 
are then planed square with faces and edges. 
In very long pieces of wood, especially in planing 
long edges, a plane a few inches longer than 
the ordinary trying plane, called a jointer^ 
is sometimes used. Two jack planes arc also 
often employed, one for roughing down, and 
one sot more finely for preparing for the trying 
plane. 

The Art of Planing. The shavings 
are removed by grasping the handle with the 
right hand [98 and 99], and pushing the plane 
over the surface in as long strokes as tht‘ arm 
can conveniently make. At the end of the stroke 
the plane is raised sufficiently to finish the 
shaving, and the plane is then drawn back and 
another cut paralU‘l with the first is taken, or 
a step forward is mad(‘ and a continuous shaving 
taken. In planing a long edge for a glue joint, 
or in otluT important work with a trying plane, 
the tool is never raised, but a continuous shaving 
is cut along the entire length, the plane being 
8topp<‘d at the end of one stroke and movea 
carefully on again as the operator walks by 
the side of the board. That, of cour.se, is in 
th(* finishing cuts. At the commencement 
there is always more to be planed from some 
parts than others. In using the jack piano 
either one or both hands are used according 
to circumstances [98]. In using the trying 
plane both hands are employed on the tool, the 
right grasping and pushing the handle, the 
left bearing on the fore part [99]. The smooth- 
ing plane is always grasped with both hands 
[100]. Sometimt*8 th(* trying plane is usc»d on a 
shooting board [101]. The wood is then ht^ld 
down by the left hand while the plane is slid 
on its side by the right. This is for planing 
edges, tho alternative being to screw the wood 
in the vice [102], 

End Grain. Knd grain is more trouble- 
some to plane than longitudinal work, and 
it is always best, therefore, in squaring ends, 
to saw almost to the line, or to pare with 
a chisel so that the plane may be used only 
for finishing, and not for removing a quan- 
tity of mat-#>rial as it often is when working 
with the grain. Care must be taken also 
not to let the plane split the edge of tho 
wood away at the end of a cut, on end 
grain. Th^'s may be prevented by bevelling 
the comei off with a chisel, so that the plane 
ceases to cut before the extreme weak eoge is 
reached. With a little care the plane may then 
be used on the end grain without fear of breaking 
the farther edge away, and if it be necessary to 
plane the bevel out to leave a sharp comer, the 
plane must be turned and used in the opposite 
direction, so that the cutting always com- 
mences at the edge and stops ^fore the cutter 
reaches the opposite edge. For squaring ends 
and cutting end grain, a mechanical trimmer is 
always used in preference to a plane, if possible. 
At the ends of planks, where the wood is often* 
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cracked and full of dirt, an inch or so is always 
sawn off and thrown away if the end has to be 
planed. Finishing to length is done on the 
same principle as the reduction in other direc- 
tions, one end being first planed square with 
sides and edges, and then the required length 
marked, and a line squared across, and the 
material beyond this line removed. 

Plane Irons. The irons or cutters of these 
three planes are usually what arc known as double 
irons, one, the iron proper, being the cutter ; and 
the other, called the back iron, being screwed 
to it in order to stiffen it and lessen the risk 
of its tearing up the grain. In jack planes, 
for coarse work, a single iron only is often 
employed, and in planes other than the three 
types we have been considering, a single iron is 
the rule. The back iron is screwed to the 
other about in. or . 3 ’.. in. back from the 
cutting edge and the double iron is then 
ins< 3 rtod and wedged in the same way as a 
single one would be [108]. For adjustment, the 
irons, after they are wedged, are tapped forward, 
or on either side, by a hammer, if the edge be 
out of square with the sole, or, if it project too 
much, the plane is given a blow on the fore 
pari. This causes both iron and wedge to mov(‘ 
back and consequently become loosened slightly, 
BO that a tap on the wedge is then necessary to 
tighten it again. Striking the plane on the 
fore part is also the method adopted for getting 
the iron out to sharpen it [104]. The smoothing 
plane, being very short, can have its wedge 
loosened more readily by a blow on the back 
[106], The beginner who is not skilful in 
using a hammer should be as careful as possible 
not to bruise the plane in doing this. In the 
trying and jack planes a good plan is to bore a 
hole about I in. diameter and about IJ in. 
from the end of the planes, and, say, l| in. 
deep, and to insert a hardwood plug with a 
rounding top standing about J in. above the 
surface, and use this plug to liammer on 
The wedges of moulding and rt*bate planes are 
generally made of a shape that can be knocked 
bock directly [108]. The cutU^rs of iron planes 
of the large class an* adjusted, and tightened 
and released, by screws, cams, or levers, so that 
hammers are not used on them. 

Sharpening Plane Irons. Plane irons 
are ground and sharpened in the same way 
as chisels, and to the same angles, but one 
important thing in the grinding and sharpening 
of the irons of the jack and smoothing planes 
which can be disrogaixled in chisels, is to impart 
a slight curve to the edge, so that when projecting 
below the sole of the plane they will cut a shaving 
slightly thicker in the middle than at the sides. 
At the extreme sides, in fact, the shaving must 
taper to nothing, and the comers of the iron 
must not touch the timber, otherwise they would 
leave unsightly ri^ea. In the trying plane 
iron, however, whi^ is required for accurate 
work, the cutting edge must be as straight as 
possible consistent with the above-mentioned 
requirement. In the smoothing plane slightly 
more rounding is permissible, and m the jack 
plane, especially if used for very coarse work, 
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a good deal of convexity, often jfW in. or more, 
is given to the edge, because thick shavings 
can then be cut without difficulty. In a jack 
plane used for ordinary work tlie middle part 
of the cutting edge should project about ^ in. 
below the sole when the comers are still within. 
Fig. 107 shows how the parts of a double iron 
arc screwed and unscrewed when taken out for 
sha^ening. Fig. 108 shows how an iron is held 
during grinding. In grinding and sharpening, 
the amount of curve present is tested by resting 
the edge vertically on a flat piece of wood and 
holding it up to the light to sec exactly to what 
extent the comers are ground back [ 109]. A plane 
iron curved the opposite way, or hollow, will not 
work at all, as the shavings will corrugate and 
choke the plane mouth. 

Regarding the angles for grinding and sharpen- 
ing, planes for soft wood may have more acute 
cutting edges than those for hard wood. In 
all cases the angle should be as acute as will 
stand usage for a reasonable time without 
resharpening. The angles range from about 
5 to 25 dcgre (»8 with the sole of the plane, the 
iron itself being set in the plane at an angle of 
about 50 degrees. The ground or bevelled part 
of the cutter in this class of planes, and with 
only one or two unimj)ortant exceptions in all 
planes, is downward [108]. Fig. 110 shows how 
an iron should be held during sharpening on an 
oilstone, and 111 shows how the burr should be 
rubbed from the face. 

Choking of Shavings. This, as already 
mentioned, may be caused by an* irregularly 
ground iron m which the corners project too 
much. It never occurs in coarse jack planes 
where the cutting edge is very rounding. It 
may also b«* caused by a very obtusely-ground 
iron, or by an untrue sole, or, in a few instances, 
in new planes, as a result of trying to plane a 
shaving thicker than will pass through the mouth 
easily. If it be due to tlu* last-mentioned cause, 
the defect soon cures itself, because as the mouth 
wears back it widens, and the iron also is gener- 
ally thicker at the end than further back, and 
so becomes thinner at the mouth as it wears. 
The width of the mouth can easily bo increased 
with a chisel or file, but it should be touched 
only at the narrowest part. For doing fine 
work a narrow mouth is necessary, and wh(»n 
in a wood plane the mouth has greatly increased 
in width through the wearing back of the sole, 
workm^'n find it advisable to reduce it again 
by inserting a block of hard wood in the sole in 
front of the iron 

Truing a Plane. The soles of all planes 
should be perfectly true. This is especially 
important in the case of the trying plane, 
which has to plane other surfaces tme and has 
a large surface of its "own which will get out of 
truth more readily than a small one. It is 
necessary therefore occasionally to shoot or plane 
it tme. This is always done with the iron and 
wedge in place, but tne cutting edge, of course, 
kept within the mouth, so that the body of the 
plane is in its normal state. The simplest 
and most expeditious way is to pass it over 
a finely-set jointing or planing machine if one 



be available, but if not, it is screwed in the 
vice, sole upwards, and tb:n shavings are taken 
off in the ordinary way with another trying 
plane. The surface has to be carefully tested 
with a strai^tedge and winding strips to 
ascertain whence to remove shavings. SoU^ 
are hardened and lubricated ^ the application 
of linseed or other oil which is allowed to soak 
into the wood. New planes are better, also, 
if they are protected from dirt by two or three 
coats of shellac varnish. 

Testing Planed Surfaces. An ex- 
perienced man sees a great deal with his eye 
that beginners have to find out by testing 
with instruments, and so the former vnW make 
a surface approximately true before he Wgins 
to test its truth. The degree of accuracy, how- 
ever, must alwa}^ be verified by instruments in 
all cases where accu- 
racy is of import- 
ance. The chief instru- 
ments used are 
straightedges^ winding 
strips budisquares [112- 
114J. Straightedges 
are long strips of 
wood with edges per- 
fectly straight, so 
that they can be 
used for testing other 
pieces. The piece of 
wood bf^mg operated 
on may lie tested 
with them len^hwise, 
transversely, and 
across corners [112]. 

When the stuiaoe is nearly true, the straight- 
odgc is generally chalked, and the chalked edge 
18 rubb^ across the surface at various points, 
leaving marks of chalk on the high ])iaco8 that 
require planing do\ni. For testing a board 
transversely, the edge of a stoel bladed square 
is more convenient than a wood straightedge, 
because, lieing thin, the light can be seen under 
it where there are hollow places in the 8urfa<*e 
[114]. For testing long pieces lengthwise the 
eye alone is often sufficient, especially if the 
piece be so thin that it bends easily ; but if 
not, a straightedge as long as the piece must be 
used. To test whether there is any twist oi 
wind present on the surface, winding strips 
are employed [118], or if the piece of wood is 
of oonskk^able width, a straightedge may lie 
tried across the surface diagonally from ^omer 
to comer [112]. 

Testing with Winding Stripe. In 

testing with these, the eye is really the judge, 
but t£e strips exaggerate the amount of twist 
so much the eye requires no training 

to see it. Winding strips are simply two 
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parallel straightedges which are placed on edge 
across the piece of wood to be tested, as shown 
in 118. The strips, being considerably longer 
than the width of the wood upon which Uiey are 
placed, follow the inclination of the surface at 
each end and extend beyond the edges, so that 
when a glance of the eye is cast along from one 
end over the top edges of the strips, it is easy to 
see whether they are parallel, or whether one 
dips one way and the other the opposite way. 
They are then taken of! and shavings are plan^ 
off the high comers of the surface until the strips 
show that the twist in the surface has biH}n 
removed. 

Planing True. In all pieces of wood that 
have to be accurately planed one of the surfaces 
must first bo made true by tests of this kind. 
Nearly all boards are more or leas curved trans- 
versely, and it is best 
when they have to bo 
planed to a definite 
thickness to true the 
hollow side first, be- 
cause if the edges 
are not planed under 
thickness it will then 
he certain that the 
middle part will hold 
up; and, because, if 
there is much to be 
planed off, it is best 
to take most off the 
rounding side to cause 
it to shrink more 
there and counteract 
the tendency to curve. 
When one surface has Inion planed true the square 
is usc'd on an edge to get it exactly at right 
angles with the true surface, and a straightedge' 
may bt* usc'd to find when the edge is straight. 
Then gauges [115, 116, and 117| are usi'd to 
mark linos parallel with these planed surfac'c's. 
and straighk'dgc tests arc no longer necessary 
except transversely on the opjiosiU' surface, the* 
plane working to the gauged lines. In all work 
where planing and cutting with ehist'ls are ('on- 
cemed, lines are, as a rule, gauged or scribed 
and not fH'ncilled, because a jienoil line is not 
accurate enough. J^eneil lines are preferred 
for sawing by because they can lie more easily 
seen from a distance and Wausc sawing either 
presupposes rough work, or work that must 
have further lines marked afterwards for finishing 
to. In many cases finishing lines are scrilied, and 
the saw kept well to one side of them. 

Even if dimensions are unimportant, true 
surfaces and accurate angles arc always cisseniial 
in fitting work together. Tlity makii the chief 
difference between good work and bad, and are th j 
main difficulty which the beginner must master. 
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Positions. Scales. How the Finer Effects are Obtained 


By ALGERNON ROSE 


THE guitar has six strings, the top three being of 
* gut, and the lower three of silk overspun 
with silver wire. According to their thickness 
HO is the quality of the sound affected. The 
Hmallest gauge makes the tone sharp and 
brilliant, and the largest full and round. 
Medium sizes are best. 

The* pupil should be seated when playing. 
Place the right foot on a fairly high footstool. 
Rest the hollow, or curve, on the treble side of 
the instrument against the right kne<\ Tlie 
bass side of the guitar should incline backward so 
as to be support*^ by the chest. Ladies rest the 
guitar in the lap. Spaniards play as ofttm from 
the left knee as the right. When th(? instrument 
is played standing, to facilitate chang(' of 
position in fingering, extend a ribbon from the 
peg provided for that purpose to 
the head of the guitar and pass 
this over tht^ right shoulder. Place 
the right arm round the big end 
of th(* instrument, so as to hold it 
without the assistance of the left 
hand [IJ. 

Dispose the right fingers ptT- 
pendicularly over the strings. The 
first finger should lx* over the 
third string, the second finger 
over the second, and the third 
over the first. Elevate and curve 
the wrist. Keep the thumb away 
from the other fingers. ITiey 
will thus be more independ<*nt 
when striking a chord. The usual 
place for the right hand is midway 
betweem the bridge and the 
soundhole When playing very 
softly, strike the strings immed- 
iately over, the hole. The thumb 
negotiaU's the three silver strings, | position 
or baas notes, E, A, D. Occasion- 
ally it is used for the third and second strings, G, 

B. To produce the boat tone with the thumb, 
twang from left to right, and stop the next 
string. Avoid ** wagging ’ ’ the hand up and down. 

Place the left thumb under the neck of the 
guitar between the first and second frets. This 
forms a fulcrum for the other fingers. Bring 
these round gracefully on to the fingerboard, 
right and left, above the thumb. Stop the notes 
not with the flat but with the tips of the fingers, 
firmly, close to the frets. Keep each finger down 
until the full value of a note naa been sounded. 

It is important for die student to study the 
course on Harmony [page 363], so as to under- 
stand how chords and arpeggios, appropriate to 
the guitar, should be buut up, for all charm in 
playing vanishes if a wrong harmony is employed, 
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Tuning* The accordatura, or tuning, is 
simple. Tune the thickest string in unison 
with E (one ledger lino below bass clef) on 
the piano. Having done this, place the second 
finger on the fifth fret of the string. Sound the 
note with the right hand and tunc the next 
silver string. A, in unison with it. Then stop 
with the same finger the fifth fret of the second 
string, and tune the third to the note given. 
Tliis will be D. Put down the finger on the same 
fret of the newly- tuned string. The note 
sounded will be G. Tune its neighbour in 
unison with it. Remember at this point to 
put the second finger on the fourth (not the 
fifth) fret of th(‘ fourth string. The result will 
Ik‘ B, to which note tune the fifth string. Then 
put the second finger on the fifth fret of B. The 
note sounded will be E. Tune 
the sixth string in unison with it. 
If the right hand now strikes the 
strings one after another, they 
will sound in succession E, A, D, 
G, B, and E, the first four notes 
having fifths between them, the 
fourth and fifth strings sounding 
an interval of a fouiih, and the 
fifth and sixth strings another 
interval of a, fifth. This irregu- 
larity in the intervals between the 
strings enables the guitarist to get 
certain effects usually impossible 
on the violin. 

But noted guitarists have not 
been satisfied with this inequality 
in the intervals. To got further 
effects, they have deliberately 
made the six strings disagree still 
more, in the same way that 
Paganini mistun^^il his violin in 
order to obtain unusual results 
and puzzle his brother fiddlers. 
A scordatura, as it is called, skilfully employed 
^ a good guitarist enables him to get new effects. 
TTie beginner, however, will carefully tune in the 
orthodox fasUon. 

The Positions. Put the first finger on the 
first fret of the D string, and the second, third, 
and fourth fingers on the second, third, and 
fourth fireta of the G, B, and D strings. The hand 
is now in the first position. It is in the second 
position, or the thira, fourth, fifth, and so on to 
the twelfth, when the first finger is over the 
corresponding fret. In guitar music, 1, 2, 3 or 
4 dots to the left of a note, or immediately under 
it, sometimes guide the player to the p^ition 
for his left hand. An O over a note signifies an 
open string, or one which requires no stopping 
by any finger. 


OF PLAYBB 






For the chromatic scale, begin on the lowest 
string, E. Keep the fingers off it. Strike with 
the right thumb. Put the first left fii^r 
down firmly on the first fret. Strike the string, 
liiis gives F, a semitone above. Put the second 
finger on the second fret. The note produced 
will be Put the third finger on the third fret. 
The sound is G. Now place the little finger as 
firmly as possible on the fourth fret. This will 
give GS. 1)o the same thing again with the 
fifth string. The notes A, Ajf, B, C, and C ^ 
will n»sult. Continue on the fourth string. 
I), DjJ, E, F, and Fjf will be obtained. Take 
the third string in the same way. Note that 
the little finger is not ii-ied with the third string. 
The sounds will be G, G5, A, and Aft. Proceed 
to the second string. Again use all the four 
fingers. Tlie effect will be B, C, C D, and Dft. 
Lastly, go without interruption to the first string. 
Use all four fingers of the left hand. The sotinciH 
played wiW be E, F. Fft, G, and G ft. 

Meanwhile, the loft hand fingers used should 
b(‘ the first and second alternately — not the 
thumb. The left thumb is never employed to 
stop any of the strings. It is kept underneath 
the neck to enable the four fingers above* to 
articulate the notes firmly and gracefully. 

It is not advisable to make a pivot of the little 
finger of the right hand, as l)t»ginners ar<‘ apt to 
do, by resting it on the soundboard. Kei'p 
the little finger up ; this allows the right hand 
to become light and lissom. 

Having ascended the scale, go down the 
} gamut in the same way. The pupil will now 
have executed the chromatic scale of 2 A octaves, 
and have learnt the fingering of each half note. 

The Natural Scale. By omittmg all 
the sharps, but keeping to the same fingering, 
proceed to ])ractiHe the natural scale Whc*n 
this lK*comes easy, vary it by using the first 
instead of the second finger, and tlie swond 
instead of the third, so as to get more tone, 
vherev(*r (as on tlie fifth, fourth, and thinl 
strings) the first finger would otherv^ise play a 
sharp in the chromatic scale. The hand is thus 
shifted U'mporarily to the second position. 

One of the greatest difficulties in guitar playing 
is usually regarded as the ability to finger all 
the scalers and chords correctly in the d!fter(*nt 
positions. Professor Prout, in Vol. 1. of Ins 
“ Orchestra,” emphasises this But the gr«‘at 


guitarist Duverhay points out in his ** Method 
mat if the student studies well the natural scale 
of C major, and learns the fingering carefully, he 
can make the same fingering serve for all the 
other scales and chords by transposition. Wo 
give below the manner of fingering 0. [Ex. 1.] 

Hememlier always in scale playing, whether 
chromatic or diatonic, that whereas four fingers 
may be necessary for all the strings except the 
thii*d, tliree suffice for the G, or middle string, 
because it is tuned a fourth below B, whilst all 
tlie others are in intervals of fifths. 

The Shifts. If the first finger is usixl for 
the second fret, the hand is what is calletl in the 
second position, or shift. It is in the third, 
fourth, and so on, up to the fifth position, as the 
first finger stops the apposite fret. 

When the student has made acquaintance w ith 
these different positions, he w'ill proceed to play- 
ing what is known as barr<\ Plai'o the first 
linger of the left hand across the neck of the 
guitar, so as to stop more strings than one at 
a time. Strike the strings. It will be ob- 
serveil that those which are stopped are raised 
equally in pitch By this simple device many 
passages in guitar music, which would be other- 
wise difficult to execufi*, are made easy. 

The effect known os Grand Barr6 is so-called 
when the first finger is laid across tlie finger- 
board and tht^ other three dis(*ngaged fingers 
are used to stop the strings as required, fivf» 
or six strings Inking sounded as an arpeggio or 
chord. ].»ittle Barr6 is obtained by laying the 
first finger across merely a few strings, so os to 
slop a chord from the first to the fourth string. 
This plan of simplifying the playing is indicaU^ 
OH ” 2 P.B.,” ” 3 P.B.,*’ and so on. 

Capotauto. An (‘asy method of raising the 
pitch of th(* guitar permanently at any given 
fret IS to screw over the stiings on to the finger- 
board an artificial hcadstop. By this contriv- 
ance the yntch oi all the strings is raisf^l, and the 
clear efle(*t of fresh ofM*n strings retained. This 
t(‘m})orary nut is called the '* CajHdaato ” or 
” (/apr>d astro,” its use loiing denoted by the 
words “eon capotuHto sulla 3 P,’ 4 P, or what- 
ever position is required |2] 

The advantage* ot this will Ix^ evident when the 
Tilayer is asked to iweompany a song in a higher 
ke\y than that given in the* music. With the eafKi- 
tusto he can jilay with ordinary fingering and 


Ex. 1 


MAJOR SCALES 


Scale of C major 










2 THE CAPOTA8TO 
a. Body &. Pog e. Pflg- 
stiing d. Leather 


use the open etrini^ ahhoitgh the key hae been 
chaxu^ For duet pla}^ the eapotaeto 
enabm two gnitam, one with and one without 
the artificial faeadatop, 
to play oonoerted muaio 
which usually would be 
rendered by a mandoline ^ 
and guitar. Allusion to- 
the capotasto has been 
made to emphasise the 
desirability, when play- 
ing barr^, of the learner 
putting hia first finger 
down with weight, so as 
to make it do temporarily what the capotasto 
does — t.e., cause the tones of the strings to re- 
semble as closely as possible those of open notes 
produced by the stress of a natural top-nut. 

When a note, or group of notes, ascending, is 
gliesed, pluck the first note with right hand. 
The fingers of the left hand slide firmly to the suc- 
ceeding note, and cause the sound to ascend as the 
vibration continues. When this “son porte,” or 

carried sound,” is descending, after striking the 
first note, slide the finger in the opposite direction, 
taking care always to change the fingering 
correctly as each successive fret is reached. 

In the slur the first note is struck by the 
right hand. The fingers of the left hand must 
stop those notes which succeed as strongly as 
possible, and ” puU ” them pizzicato fashion. 

Harmonica. Harmonics are made by placing 
one of the fingers of the left hand veiy lightly 
over the fret, and playing with the thumb or the 
first finger of the right hand. The best natural 
harmonics are those of the third, fourth, fifth, 
seventh, ninth, and twelfth frets. Although the 
left hand stops the string gently, the right hand 
strikes forcibly and close to the bridge. Harmonics 
“ k double doigter,” or produced with two fingers, 
are made by stopping a note first in the usual 
way. At the same time, the right thumb touches 
the middle of the string lightly, whilst the first 
right finger strikes the stnng underneath. This 
produces a sound an octavo higher than the 
natural tone of the string stopped. 

A characteristic guitar effect is the Twirl, 
In this the thumb forms the centre of an ima- 
ginaiy circle, and the tips of the other fingers 
twirl round it so that the right hand makes a 
convolution by sweeping all the strings in suc- 


oession above the rim of the rosette, or sound- 
hole. If done properly in chord playing* the 
trick is delightful. 

Another subtle oonoeit, or piquant effect in 
chord pla3dng, Les Ongles^ is nu^e by ninning 
the fin^ mSbs of the right hand lightly across 
the strings from right to left. 

The Tambour, or drum effect, is executed by 
raising the ri^t hand a span over the sound- 
board, and dropping the side of the thumb with 
a free action from the wrist across the strings close 
to the bridge. 

Again, for the effect known as Comi^ strike 
energetically with the thumb and first finger, but 
with a closer action quite near the bridge. The 
effect is supposed to resemble the sounds of horns. 

Oomi ” is also played by usii^ the tips of the 
nails close to the bridge, or a single horn is imi- 
tated by all the notes of a phrase being sounded 
by the nail of the first finger on one of the silver 
strings. ^ 

Son Etouffe is a sudden damping, or stifiing, 
of chords when they are struck. It is done by the 
fingers being repla^d immediately on the strings 
after striking them, or the sudden staccato is 
obtained by employing the whole of the right 
hand to damp the sound This effect is marked 

VibraJU) is not possible on the open strings. It 
is done by making each of the fingers of the left 
hand, after stopping a note, tremble firmly and 
evenly on the string. Practise making this motion 
slowly at first. A {uayer capable of making a good 
vibrato, especially with his weaker fingers, pro- 
duces a better quality of tone than an amateur less 
accomplished. Although, theoreticaUy, a throb- 
bing sound is opposed to the production of a 
pore and equal tone, it has a peculiar charm on 
the guitar, and good players who are able to 
make the notes pulsate can render entire pas- 
sagt‘s unusually expressive. 

The Tremolo. The tremolo is a rapid 
repetition of one or more notes struck alternately 
by the thumb andJirst finger of the right hand, 
the second and first finger, the thumb aj^ second, 
the thumb, second, and first, or by varying the 
Older of manipulation in other ways. Practise the 
different metliods of fingering for the Tremolo 
systematically. The exercise adds to the supple- 
n<»B of the right hand. It is as useful as is the 
practice of the vibrato for each of the left fingers. 

GuUar condtded 
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MMtIO 


THE ZITHER 

Far zither notation two staves are employed. 
One IB for the melody and the other for the 
accomp^iment. Both are usually in the treble 
clef There are two methods of tunmg — the first 
18 that adopted in Vienna, and the sooond that 
m Germany. We will confine our attention to 
the now general German method 

Tuning. The first stnnc on the fingerboard 
nearest the player is of steel It is tuned to A, 
second space treble clef, ns is also the second 
strmg, the object being to got reiterated offec ts 
from two strings in unison Biass wire is used 
for the third string This is tuned to D below 
first line The fourth string is of steel ovorspim 
with silver wire It is tuned to G below second 
ledger line The fifth is of brass overspun with 
copper, tuned to C bc'low fourth ledgei line 


player In playing, both thumbs are used, the 
only fingers unemployed being the fourth on 
both hands Place the thumb and three fingers 
of the left hand on the frets of the fingerboard 
In sounding a note bo careful to incline tlie left 
fingers to the right inner side of each fret, other- 
wise the tone will not be good While the left 
fingers form the noti^s, the 
melody strings are plucked 
by the right thumb Over 
this IS worn a clip of Ger- 
man silver ending m a 
prong, called a zither ring 
The upper portion of this 
prong forms a semicircular 
band of the thickness of an ordinary ring The 
(lip goes over the base of the thumb-nail, the 
prong being underneath, and protruding to 
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Next come the accompaniment strings Of 
these there are 13 The first, second, fourth, 
sixth, seventh, ninth, eleventh, and twelfth an^ 
of catgut , the thircl, fifth, eighth, tenth, and 
thirtc‘enth bemg of silk covcTcd with wire Tlie 
contrasting substances of the strmgs arci employed 
not merely as a help to the player, but have a 
peculiar effect on the individuality of the zither 
tone Beyond the 13 accompanying strings aie 
the 13 bass strmgs These are all of silk, covered 
with wire and of a thicker gauge, so tv- to 
give the deeper sounds The diagram given 
shows the complete scale. 

Position of the Player. Place the 
zither on a table of bare wo<xl If the table rests 
firmly on the ground it magnifies the sound of 
the instrument The zither should be put 
obliquely wnth the fingerboard towards the 


the left fSJ When at rest, the fiosition of 
the right thumb is for the plectrum to be 
over the middle medody string J) I’ho first 
right finger should rest on the second wiie- 
(ovcTed occompanimcmt string, ( , jihue the 
second finger cm the third wire A, the thud 
finger on the third bais stung F, and allow the 
fourth fingf r to remain free It should follow the 
movement of the thud, and not be rest(»d on 
the tailboard — a bad habit contiactc^d by 
careless players Keep the jomts of the fingcTs 
straight It is the sides of the fingers and not 
the nails that have to come in contact with the 
strings Therefore do not appear to attempt 
tci pick up the strings by curving the right 
fingers On the contrary, endeavour to prcM^s 
them [ 4 ] Thus, rest the third finger heavily on 
the F string Now, when the fing(*r is removed, 
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the of its slipping off will cause the string 
to vibrate. The tnira finger should fail against 
the next string on the Bt^, and impel it 
almob c 
against 
its neigh- 
bour. But 
no sound 
other 
than the 
F will be 
heard. 

Finger 
pressure 
must be 
regulated 
according 
to the 

thickness of the string. For instance, it will not 
he necessary to use the same degree of force if 
the second right finger is pressed stiffly against 
the third accompanying wire. A, because that 
wire is of quicker utterance than the F. 

Having made this motion, try to play two 
strings at once with one finger. Rest the first 
finger firmly on the second wire, or fifth accom- 
paniment string from the left 0. Now pass it 
quickly from the C to the F, or the catgut string 
on its left, so as to sound both simultaneously. 
In doing so, the finger motion must finish on the 
third strmg, B*?, the digit resting firmly against 
it. A little thought will cause the pupil to realise 
that the arrangement of the accompanying 
strings admits of common chords and their in- 
versions being played by two instead of three 
fingers. The pressure of one finger when passing 
to an adjacent string should be so rapid that 
the sounds of the two are merged. This would 
not be possible were the accompanying strings 
not tuned in fourths and fifths as they are. 

In using the zither ring, play gently at first. 
Fulness of tone must be acquired evenly and 
gradually. It is easier to develop a forte by the 
slow and sure method than to begin carelessly 
and learn afterwards to play with delicacy. 

Fingering. Fingering in zither music is 
indicated by a -f for the thumb, 1 for the first 
finger, 2 and 3 for the second and third, and an 
0 for an open string. 

Before the fingers get accustomed to their 
duties and gradually harden, excessive practice 
will do more harm than good. Progress will 
be more rapid if the pupil practises for half 
an hour on the first day, and adds an extra 
quarter of an hour the second day, and so on up 
to a maximum of two hours, rather than if he 
tinkles upon the instrument during the whole 
of his evening leisure for the first two or three 
nights, and uien lay the instrument aside in 
disgust. 

Poaitiona. There are six positions on the 
fingerboard in general use, besides three others 
more rarely employed. 

For the first position, place the third finger of 
the rmht hand on the first or second fret, the 
second finger on the third or fourth fret, the first 
finger on the fifth or sixth fret, and the thumb 
on the seventh or eig^ith fret. 
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For the second position the third finger now 
comes on the thira or fourth fret, the second 
finger on the fifth or sixth fret, the tot finger on 
the seventh or eighth fret, and the thumb on 
the ninth or tenth fret 

on the fifth or sixth fret, the second finger ^ the 
seventh or eighth fret, the first finger on the 
ninth or tenth, and the thumb on the eleventh 
or twelfth. 

Continue in the same way, moving every 
finger up one or two frets each time, so as to 
bemme accustomed to the fourth, fifth, and 
sixth positions. The player should make out 
a diagram, numbering and lettering the notes 
of each position. Get to know them automati- 
cally, so that any note indicated in the music 
may be produced with certainty. The less 
the fingers are shifted, the smoother will be the 
effect. 

Double Notes. In playing double notes, 
hold the left hand obliquely towards the right. 
In the higher part of the scale, thirds are played 
by putting the left thumb on the first A string, 
and the second finger on the second A string. 
Practise sliding the fingers ; do not lift them 
when passing from one fret to another. In playing 
sixths, the two A strings are not used tog(‘ther ; 
the lower note required will be found on the 
string next to that which produces the higher 
note. Octaves, like thirds, are always played 
with the thumb and second finger. The ease 
with which a glissando, or sliding over inter- 
vening frets lietween two not(».s, is produced is 
one of the greatest charms of the zither. This 
effect, next to the 'portamento in singing, is indi- 
cated by a slur in the music. In making the 
slide, first put down the thumb deliberately. 
Then turn it over, so that the nail may touch 
the strmg. Do not hurry. After the ring on the 
right thumb has caused the string to vibrate, 
the sound will ascend or descend naturally 
according to the movement of the left finger, or 
fingers. Two notes linked together m the music 
by a slur must be played on the same string. 
Be careful not to remove the thumb after a 
glissando until the note has sounded its full 
value, or the charm wfill be de8troyc*d. 

When an open string is struck with the right 
thumb, and the interval to ho slurred up is a 
big one, do not slide the w'hole length. It is 
better to make the glide only in the higher 
section of an interval in eaoenJuaig or the lower 
section in descending. Teike care to touch the 
string very lightly at first, and increase the 
pressure gradually. If the interval is a long one, 
the thumb ring must be used a second time to 
mark its conclusion. 

The ShaKe. The shake is not so easy to 
execute on the rMheac as on the piano. \^en 
made closely and rapidly, its charm rewards the 
player for the time spent in practising it. PImo 
the second finger on the note indicated in the 
music over which is printed tiie sign Ir/v^. Then 
put down the thumb on the next fret, or the next 
but one, as may be neoeasaiy for the trill. Pms 
the tip of the first finger against the thumb to 
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steady the latter. Let the thumb and second 
finger rise and fell altematel;y. Practise the 
sh^e slowly at first, evenly, and accelerate the 
speed gradually. 

Vibrato. There are so many charming 
effects to be obtained out of this instrument that 
its admirers have not yet decided which is the 
most beautiful. But man} of them maintain that 
the zenith of the zither’s sublimity is onl> reached 
through the magnetic ffihrato tone of which it is 
capable. Place one of the left fingers on the 
requisite note. Move the finger from left to right, 
backwards and forwards, from the tip. The 
motion must not be made from right to left. 
Avoid jerking the strings. The plaj-er who once 
contraota the bad habit of making the strings 
shake, wrill find it difficult later to cure himself 
of that defect. Wliat is wanU‘d is a sensi' of 
lapid but gentle pulsation — not a series of 
spasmodic jerks. The qrickcr the vibrato, 
if done in a smooth manner, the bett<»r will it 
sound. By its means the tone of any of the 
melody strings may be prolonged, the continuous 
trembling caused by the motion of the metal 
wire impinging on the metal frets st'cming to 
reinforce the sound. 

The sound of the strings is diminished when 
the word “du/ce,” or pp, is indicated in the 
music, by advancing the right hand over the 
circular hole in the sounding board. What is 
known as the harp effect is thereby obtained 
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Bell Notes. What are known as heU note# 
are of two kinds — ^natural and artificial. To pro* 
duce the former, place the thumb lightly on the 
string above the required fret, exactly over it 
instead of a little to the right, as for notes which 
have to be stopped firmlv. Sound the note with 
the right thumb by the ring.” Bell notes are 
also called flageolet tones. They are harmonics, 
and sound an octave higher than written. 
Natural bell notes are produced by touching 
lightl}r the open strings at different points. The 
artificial harmonics are made by stopping certain 
frets and then touching very lightly a higher 
frt>t with a disimgagi^ finjjer. 

If the pupil has memorised the names of each 
of the accompaniment and bass strings so as to 
associate them instantly with the notes that 
represent them, he will ble ready to practise what 
is known as a running accompaniment. In this, 
each note is articulated separately, beginning 
on the lowest string. Major chords or arpeggios 
present littk? difficulty [Ex. 8]. Minor chords are 
easy to produce if the necessary third is sup- 
plied by the melody strings. The right hand then 
playw as if for the major chord, without using the 
second finger. Keep the right hand quiescent 
when playing full chords. Press slightly with the 
fingers. Withdraw them delicately. In staccato 
chords the fingers must be taken off instantly 
after making the sounds. Repli.oe them imme- 
diately on the strings to damp the vibration. 
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Mine Tuba, *«r Corw^m, The s^tem of 
haulage moBt suitable to the canditions of 
worUug having been selected, it remains to 
desorite the vehicles employed to convey the 
materials from 'what is ^own as the working 
l<ice to the bottom oi the shaft. For this pur> 
pose stout iron carriages, or tvJba, are employed, 
although wooden ones are still used in some of 
the Cornish mines and in several collieries. 
Numerous devices have been suggested for attach- 
ing the tubs to the rope, where rope haulage is 
employed. These usually take the form of a 
friction clutch, although in such cases the wear 
of the rope is apt to be considerable. The chief 
trouble arises, however, from the fact that the 
roads are apt to bo dusty, and great diffioulty is 
therefore experienced in keeping the axles and 
bearings free from dust and properly lubricated. 

Winding. Methods of winding have neces- 
sarily to bo modified by the 
various factors to be con- 
sidered, such 
as depth of 
shaft, nature 
of materials, 
etc. In eoal- 



mming prae- 
tiee the tubs 
are run into 
the cages previously descrilied, and 
drawn to the surface by a rope which 
winds round the drum of the winding 
engine. A tvpif*al shaft, with cagt*8, 
and the road leading from the work- 
ing to the bottom is illustrated in 99. 

Some of the methods of attaching 
the rope to the cage are highly 
ingenious and worthj^ of being de- 
scribed. The reader will readily appre- 
ciate die necessity for the capping, 
as it is termed, being performed with 
the utmost care, as, when the miners 
are being raised or lowered on their 
way from or to their work, their lives 
often depend almost entirely upon 
the seourity of the capping. When 
wire ropes are used, the method is to 
unfray the strands and to bend them 
back upon themselves. This gives the 
end of the rope a bulging, couioal 
sliape, and it can then be slipped 
into a oonical sleeve, or socket. The 
greater the stress on the rope, the 
more firmly is the end drawn into the 


socket, and this method of attachment has been 
found, generally speaking, very effective. 

Just as the strength of a chi^ depends upon 
the strength of its weakest link, so, theoretically, 
the strength of a wire rope depends upon the 
strength of its weakest strand. In practice, how- 
ever, the margin of strength — ^that is, the reserve 
resistance to breaking stresses over that which 
in practice the rope has habitually to endure — 
is such that it is permissible to have a few 
strands broken, provided the number does not 
exceed the percentage allowable for the par- 
ticular type of rope used. The best ropes are of 
crucible steel wire, wound round a core of best 
manilla hemp, the winding being done in such a 
manner that the more tightly the rope is drawn, 
the more firmly do the strands of which it is 
composed interlock and become' compacted. 
These ropes require liberal lubrication with 
carefully selected oils, free from acids which 
would caufcM* corrosion and speedily ruin the 
ropi‘. Rojies of this description have been used 
for many years past at Prizbram, where one of 
the shafts has reached the stujiendous depth of 
3,042 ft. These ropes have a tensile strength of 
114 to 120 tons per square inch. 

Safety Catches for Cases. Wlien the 
cage has been raised to the pit-mouth it must 
be secured, so that all risk of its falling back 
in the shaft may bi» avoided. This is effected at 
many collieries by an automatic device called a 
hep, which jiractieally consists of an iron or steel 
sU*p, pivoted or hinged in such a manner that, 
although it can be lifted up by the passage of the 
rising cage, it cannot yield in the opposite mreetion 
unless delit)erate]y liberated by a hand lever. 
Once the cage has passed it on the upward 
journey, it forms, therefore, a secure lodge, or 
step, upon which the oage can be brought to rest 
for the purpose of unloading. 

Needless to say that the number of devices 
which have been put forward for the above pur- 
pose is considerable, but most of them differ 
only in some slight detail from the foregoing, 
the principle of which is almost universally 
adopted. In ** diggings ** of a primitive nature, 
when both the men and the materials are raised 
and lowered by a bucket worked by a windlass, 
the simple expedient of placing a plank across 
the mouth of the shaft, once the bucket swings 
clear, answers the purpose admirably. 

Human ingenuity has also been abundantly 
displayed in applMutoes for preventing over- 
winding ” — an accident of a very serious nature, 
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as, in addition to the a 

loss of life it may | 
entail, the whole of ' 
the pit - frame may 
be almost irreparably 
damaged. 

Winding Engines. 

A brief description of 
a largo steam-engine 
recently exhibited at 
the International Ex- 
hibition at Li6ge will 
suffice to acquaint the 
reader with the size 
and power of the 
engines employed at 
the present time. The 
engine in question is 
shown in 100. It has 

a drum 24 ft. in diameter, and is capable of raising 
nearly four tons of coal a distance of 1,300 yd. at 
a speed of 15 yd. to 20 yd. per second. With 
central condensation, and working under favour- 
al>le oircumstanci's, this engine will give results 
which, it is claimed, are not surpaastKl by those 
of any electrical installation extant. Of lato 
years winding engines driven electrically have 
own adoptt'd at most of the large collieries 
abroad, and an^ rajiidly making progress in this 
country. 

A point of great importance in w'inding is the 
position of the winding engine in relation to th<‘ 
pit-head gear. If too close, the inclination of 
the rojH‘s may U' such that the pull on the frame 
is too great, and it may be drawn backwards 
towards the engine. On the other hand, if the 
engiiK^ he too far away, the power is not applied 
to the best advantage, and serious waste ensues. 
The lu‘st authorities claim that the distance of 
the drum from the centre of the shaft should be 
from one, to one and a half times the height of the 
pit-head frame. 

Pit-head Gear. Over the shaft is erected 
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STEAM WINDINO ENGINE 

the pit- head gear and frame, which in its csscii- 
tiais practically amounts to a tripod, supporting 
at its ajH'x the pulley over which tht^ winding 
ropc' iiasses. Actually, the pit-head is a much 
more complicated di‘vice, and serves not only to 
support the pulley, but also to house tipples, 
chutes, and, at times, crushing plant to deal 
with ilie minerals raised. In 101 is show'n the 
shaft rock house at the c*el(*hrated I'amarack 
copper-mine at Calumet, Michigan, U.S.A. 

The cars have a capacity of aliout two «nd a 
half tons, and the rock is dumped into skips and 
raised to the surface, where then^ is a eoin- 
bined head-frame and crusher building in whudi 
the rock is crushed to a size of live or si-x 
inches. Fig 102 shows a typi(*al pit-head 
frame at a largt' c’olliery, where the coal 
is raised and subsequently washed, screened, 
sorted, and run inU) waggons, which pass 
Ismeaih the chutes with which it is provided. 

Need for Ventilation. PropiT ventila- 
tion is a m'^tler of extreme iinportamc* m 
iind»‘rgroiind workings, particiilaily in coni 
mines, where the ntmosplwTe is liabh* to becoim 
I dangerously ('(mtannnatiHl 
I by nrixioiis gases issuing 
[ from the coal-face and troni 
blower^- — that is, accumu- 
lations of liic-damp, undci 
pressure. 

Gases in Mines. The 

principal gases found in 
mini's are shown in the 
tabic on the next pag< 
which gives their (‘heiiiical 
formula*, popular names, 
and chief firoperlics. 

Hlai'k damp, or stythe. 
which IS not enumeruUd 
in the table, as it is 
not a pure gas, but a 
mixture of gases* was 
formerly lH‘lieved to con- 
sist of carbon dioxide. 
Recent researches have, 
however, shown it to con- 
tain 85 to 88 per cent, ot 
I r,,,, 'll,,;. nitrog.-n. It rewmbliit 
>, CAiiVMET, auC'HiOAM carbon dioxide in itH 

zm 


ttroperties^ and supporto neitker life nor oom- 
Wtk>n. Some of these gases are heavy and 


Chemical Name 
and Formula. 

Popular Name. 

. 

Bemarfce. 

Carbon mon- 

Carbonic oxide, 

Very poisonous ; 

oxide, CO. 

or white damp 

explosive. 

Carbon dioxide, 

Carbonic acid, 

Poisonous, but 

OOg. 

or after damp, 
choke damp. 

non-exp^ive. 

Methane, CH4. 

Marsh gas, oar- 
buretted hy- 
drogen, or fire 
damp. 

Highly inflam- 
mable. 

Sulphuretted 
hyarogen, H2S. 


Hi^ly inflam- 
xnabie and 

poisonous. 

Nitrogen, N. 

1 

Inert. 


tend to collect in the lower workings of the 
mines. Others arc lighter than air and collect 
near the roof. As tlmse ore generally explosive 
gases, their danger is increased, as they are 
more readily diffused. All the foregoing gases 
occur, more* or less, in collieries, but they are 
also met with in metal mines and in non> 
metallic mines other than coal mines. Thus, 
carbon dioxide is common in lead mines in 
Spain, Prance, and the United States. On 
the other hand, the gas sulphuretted hydrogen 
umally occurs in mmute quantities only, in 
coal mines, where it is formed by the decom- 
position of pyrittw in coal. In sulphur mines, 
on the other hand, it is frequently present 
in large quantities, and has been the cause of 
serious accidents in Sicily, and during the sink- 
ing of a shaft through the rock-salt beds of 
Strassfurt no less than fifteen fatal accidents 
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ooourred vHbeve pmans wm asphyxiated by 
anddini onthnnts of the gas. 

nattgarouaGasMi. Marshy and carb<^ 
oxide are, however, the gases chiefly responsible 
for the disastroaB explosions which occur from 
time to time, mostly in collieries. At the same 
time, the deaths which occur are usually due 
less to the explosions themselves than to 
deadly after damp or black damp gases which 
are formed as the result of the explosion, and 
cause death hy as|hyxiation. Marsh gas has, 
however, been put to useful purposes before 
now, and, at the 
Eleonora pit, at 
Dombrau, in Aus- 
tria, a large 
blower of the gas 
lias been tapped 
and the gas em- 
ployed to heat 
two steam boilers, 
with an annual 
saving of 600 tons 
of coal. 

While many 
103 . BUKSEN AND GAUZE, COm"- 

SHOWINO PRINCIPLE 

DAVY SAFETY LAMP gases, their 

presence in others 
is a standing menace to the miner. At the same 
lime, it has been found that mme gases are not , 
by any means, the sole cause of explosions. The 
large amounts of coal dust present in the air of 
collieries also constitute a grave danger, and 
many explosions have been tiaeed to this 
source. 

In many collieries, water is sprinkled on th(‘ 
coal after it has been loaded into the tubs and 
the ways are carefully watered to help to allay 
the dust. But even this precaution may, m 
turn, constitute a fresh source of danger, as the 
warmth of the workings, combmed with the 
moisture, is believed to create a highly favour- 
able nidus for the propagation of the deadly 
anh/losUma, or miner's worm, the cause of a 
disease which has wrought much havoc in 
collieries in France, Germany and Belgium, but 
which, happily, has made very little progress 
in this country. 



Ventilation In liinee and Collieriee. 

The need of efficient ventilation will be obvious 
when it is remembmd that, in addition to the 
necessity which exntB for removing the dangerous 
gases naturaily present in coUiw^ and metal 
mines, the atmosphere is rendered foul by the 
fumes given off by blasting operations and ^'shot 
firing/^ and by the emanations from men and 
animals workuig in a confined space for long 
hours. 


In quarries and cpeacaet workings ventilation 
is, obvioosly, easily afiected, but it is otherwise , 
with wcfktf^ situated at great depths tarn 
the surface. 

Ventiiataon is uMaliy earned out by one of 
the three foUowmg UMthnds: natural ventfla- 
taon, furnace ventuatiaD, and ffin vuntalataop. 
Natural ventilatioii depends upon the presence 
of two shafts at least, of different depths, and 
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containing^ therefore, columns of air of different 
u'eightB and prefiaures. Wlienevor these con- 
ditions are satisfied, the heavier column over- 
balances the lighter column and a s^tem of 
air circulation is established. Natural ventila- 
tion is, however, subject to some uncertainty 
in operation, and to the groat disadvantage 
that circumstances may, at times, lead to a 
total reversal of the direction of circulation, an 
<K3cuiTence which may bo fraught with serious 
( onsoquences. In practice, it is rarely depended 
upon alone, but is supplemented by a system 
of furnace ventilation, by which the air in 
what is called the uftcast shaft is heaU'd, 
and thereby rendered permanently lighter, thus 
ensuring a constant draught in the same 
direction. This system has, however, bwn 
almost entirely superseded by fan ventilation. 

Ventilation by Fans, Ventilation by 
fans may be either by exhaustion or by com- 
pression — that is, the fan may be used to with- 
<lraw the foul air, or to drive in a supply of fresh 
air. In practice, fans arc usually placed at the 
top of the up-caat shaft and used to exhaust the 
air by suction. These fans work on what is 
known m the centrifugal principle, and as they 
differ but little in essentials from those used 
to secure ventilation in large buildings, it will 
not be needful to do more than to point out that , 
naturallv, they ore much larger and mort* 
powerful. The chief types used are the 
“Guibal,” “Waddle,” “Schiele,” “Cappell,” 
“ Walker,” and “ Bateau ” fans. The speed at 
which such fans are run varies from 40 revolu- 
tions per mmute to 500. They are, at the 
present day, frequently driven by electricity, 
and their diameter often exceeds 30 ft. 

Liffbtiag. The method of lighting mine 
workings is closely associated with the occuirenoo 
of fiery gases in mines, as, upon their alwcnco 
depends the possibility of working with naked 
lights, while their presence necessitates the use 
of lamps specially designed to prevent the 
Ignition of cocplosive gabes. Thus, in many 
p4^ of the world, and at many of the iron ore 
mines in this oonntry, candles are used. They 
are stnek into a piece of clay which, by its 


plasticity, can very readily be put down any- 
where eonvoniont, adapting itself to th(^ circum- 
stances in a way which no more rigid form of 
holder could possibly do. At other mines oil 
lamps are freely used. For the most part, 
however, safety lamps have to bo employed. 

Theoir of Safety Lampa. ^foro 
an explosive gas can bo ignited it, or some pai l 
of it, must bo raised to the requisite temperatures 
OH otherwise the chemical forces upon which 
ignition di^pends do not come into play. It 
was found by Sir Humphry Davy that, if a 
piece of win* gauze bo placed across a flame, 
the unconsumed gas issuing through the 
gauze cannot Ir* ignitf'd by the flame licneath, 
but requir(*s an extraneous source of heat to 
ignifr it. The illustration given [108| will maki^ 
this clear. What really happens is that the 
strands of wire in the wire gauze arc* such 
excellent heat conductors that th(*y carry off 
the heat of the flHim* too rapidly for it to bo 
imparted to the gas on the otlu‘r side to raise* 
it to a temperature sufficient to igtiiU* it. The 
Davy tafety lamp, thi* prototype of numerous 
iiiodifieations sinee invented, depends uiion this 
fact for its safety. 

Preparation for the Market, Whih* 
the operation of mining ends with the delivery 
of the minerals at Uie pit or shaft head, 
it IS but seldom tlial sueh minerals can be 
directly employed in industry. In practice 
they have usually to b(* subjeetiHl to a series oi 
(iperations which, as they are usually oarn<*rJ 
out at a mine or eollw*ry from which llw material 
has lKH*n won, may legitimaU*ly b<* regarded as 
the final stages of mining. 

The chief reason for treating the minerals 
in the immediate vicinity of their source of 
extraction is to avoid the expauiu: which would 
be entailexl m transporting the dirt and dross 
with which they are almost inevitably associated 
— in other words, to obviate freight and carriage 
charges upon unremunerativc tonnii^c. Even 
coal, which of all minerals is usually in the con- 
dition most suitable for immediate consumption, 
generally requires some degree of preparation 
before consignment to it*> d^lination. 
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richer in tho required 
mineral than it was 
before. This principle 
is applied to an even 
greater extent in 
gold mining, par- 
ticularly in alluvial 
workings where the 
prospector’s pan, 
described on page 
2380, is further de- 
veloped into the 
hal 2 c, a conical vessel 
in which the heavier 
gold collects at the 
bottom, while the 
dirt flows out witli 
the water at the 
top. At some gold 
mines, notably in 
Australia, the con- 
tents of a large pit 
are agitated with 

Screening Coal* With coal, the value water by moans of a series of revolving blades, 
of the marketable product depends largely upon This principlt* is also employed at the Kimberley 
sis&e. On reaching the pit mouth it is therefore diamond mines to separate the mud and clay 

subjected to a ^I'ries of operations which include from the gravel with which the diamonds are 

screening, picking, sorting, and washing. associated. 

Screening is carried out by tipping the coal Crushing. While it is usually desired to 
either on to inolini^d screens, HC‘t at an angle of keep coal in large lumps, it is sometimes crushed 
about 30°, or into revolving or shaking screens, pn'paratory to coking in the coke ovens. The 
The size of mesh employed depends upon a variety crushing of minerals finds its most interesting 
of circumstances — for instance, the hardness exemplification, liowever, at gold mines, where 
of the coal, its ultimate uses, etc. At most large the gold is derived from quartz, which requires 
collieries ngging or sliaking screens are employed, to be reduced to a fin<' powder preparatory to 

the movement imparted to such screens beii^ leaching — that is, treating with chemical solu- 

comparatively gentle and regular so as to avoid tions which dissolve out the gold, leaving the 
breaking the coal too much in the process. quartz behind. 

Coal Washing. Small coal intermixed On the Rand, the ore mined is a hard, splintery 
with a large proportion of dirt is usually rock known as hankvt^ or almmd rocky a siliceous 
washed. In this process advantage is taken quartz conglom(*rate, consisting of bluish-grey 
of the difference in density between the coal and quartz pebbles embedded in a ijuartzose matrix, 
its iissociated impurities. The principle cm- This quartz has to be treated in stamp batteries, 
ployed is agitation with water, whereby tlie coal, which consist ot hammi'rs shoil with specially 
b(ung lighter, is carried away, while the heavier hard steel, such as chromi' steel, or manganese 
impurities collect at th(? bottom of the apiiliances steel. These hammers work vc*rtically by means 
used. There are a large number of coal washers of a tappet, or collar, fixed near the top end of 
on the market the best known being the Murt on, the rod to which the shoe is attached. This 
and the Wood and Burnett washers, which have tappet is raised by a revolving lifter, furnished 
movable troughs ; the Luhrig, Coppee and with a cam which, on rotating, engages with the 
Robinson washers, which depend upon the action lower surface of the tappet, raises it a few inches, 
of ascending currents of water ; the Elliot and ultimately clears it, allowing it to fall. A 
washer, which is provided with movable scrawrs number of these vertical hammers disposed side* 
operating in a fixed trough, and the Baum washer, by side, having their tappets actuated by cams 
which is practically a large vat into the w'uter of projecting from a common shaft which revolves 
which compressed air is admitted, causing continuously, constitute a stamp battery, 
considerable agitation of the water and eftectii^ The weight of each stamp — rod, head and shoe, 
a very complete degree of separation by this and tappet — averages about half a ton, and the 
means. number of falls per niinute, regulated by the 

Coal washing effects a considerable reduction in hardness of the quartz, averages from 60 to 100 
the ash of the coal treated, and also serves to per minute. 

remove a proportion of the associated sulphur Stamping is carried on either wet or dnr. 
compounds which are a source of grave incon- In the latter case the fine dust is liable to be 
venience in most of the subsequent uses to which carried about in all directions, and to become 
the coal may be applied. deposited on the working portions of the stom]M 

Gold Washing. It will have been seen that with serious results, although the leaching is 
this process of washing tends to concentrate more rapidly effected w'ith dry stamped ore. 
the material — that is, the fmished product is The usual practice in South Africa, New Zealand, 
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AoMcm and Austndia, is ivaiamahuig. As its 
mma iniplieB* tbe ore is mixed with water in the 
mortar boxt into whioh the stamp falis. 

jUsttohiiiS. Leaol^ is a process whereby 
the materiah from whioh it is droired to extract 
some Tah&aMe constituent are treated, in a vat, 
with some hqukl whioh dissolves the required 
oonstitaent. Thus, in alkali manuhboture, the 
salt *' cake ” is le^hed with water, whioh dis- 
solves the soda salts, leaving the assooiated 
sUioions matters, fuel, etc, untouched. In cold 
mining the fine ore from the stamps, which is 
known as UMlingB, is leached with a solution 
bf c^nide of potassium, which dissolves the 
particles of gold— and silver, when this metal is 
presenWand leaves the quartz slime behind after 
filtering. IPig, 104 shows the surface workii^s of 
the plant at Ferreira Deep, with the large tailings 
wheel on the right. 

The dissolved gold is subsequentl^r precipitated 
on zinc plates, or zinc turnings, zinc having a 
chemical affinity whioh causes it to withdraw 
gold from solution and to take its place. The 
zinc remaining is ultimately driven of! by heat, 
leaving the gold, in the form of crude bullion, 
behind. 

Ronsting Oren ; Calcination. Homo 
minerals, when delivered at the surface, are 
associated with substances which can bo driven 
of! by heat. In other cases, the application of heat 
ma^ cause certain chemical reactions to occur 
which have the effect of rendering the mineral 
more readily reducible in the subsequent smelt- 
ing (^rations to which it is usually subjected. 

The or<j may be roasted in heaps, or calcined 
in kilns. Sometimes the heat is derived from 
combustible materials associated with the ore as 
extracted, the combustion of which produ<’Ps 
sufficient heat to olTect the necessary changes in 
the mass. With other ores, fuel must bi* added 
before combustion can be effected. The best 
example of ores of tbe first class is affordfKl hy 
blaokband ironstone, which contains enough 
carbonaceous material to bum without any 
added material. In Scotland and in North 
Staffordshire, where this ore occurs, huge heaps 
may be seen roasting in the vicinity of the 
mines. Such ores may lose as much as 50 p«r 
cent, of their original weight, and the iron they 
contain wUl be in a more fully oxidised condition. 
Where the addition of fuel is necessary, the 
preparation of the ores is more eccmomicaliy 
carried out in kilns. In the Cleveland district, 
tbe kiln adopted is that of Gjers, the oapaedty 
being from 400 to 700 tons at a time, and even 
more. Hie waste beat from the blast fun^cs is 
also employed for the purpose of calcining the 
ores. The ores of many other metals also require 
roasting preparatory to their use, while in the case 
of ncm-metallic minerals numerous examples 
might be adduced. Thus limestone, or calcium 
carbonate, is roasted in kilns to drive off the 
carbon dioxide, for the production of lime, and in 
cement manuf^ture. Fig. 106 shows the roast- 
ing of copper ores in heaps at Jerome, Arizona. 

Weatherittg. In a number of instonces 
materials require to be exposed to the action of 
atmospheric agents before they are fit for use. 


Into the j^eas of weathering several factors 
enter. Thus, the mineral heaps become per- 
meated with moisture in wet weather, ana in 
the sueoeedingoold seasons the moisture freezes, 
and by its expansion induces disintc^ation of 
the masses. 

The diamond-bearing rooks of tlie Kimberiev 
district ore weathered on a largo scale, the rook 
being sraead over areas extending thousands of 
acres. hYom time to time the masses are 
ploughed up and fresh portions exposed to the 
atmosphere, the weathering rendering the 
subsequent operations for the recovery of tlie 
diamonds much easier and cheaper. Ola}* also 
requires careful weathering ana ri^Kming, its 
physical properties being greatly improved, and 
its plasticity increased. It may incidentally be 
mentioned that the existence of clay ilsolf 
depends upon the weathering, during long ages, 
of granite. The silicates of alumina, whicn enter 
into the composition of one of the chief constitu- 
ents of granite, become separated from the quartz 
and mica with which tliey arc associated, and 
being lighter, aro deposited by the action of 
water in lieds. The kaolin of Dovonshircs from 
which the best descriptions of china and porce- 
lain are mad(‘, has had its source in the cycU* 
of operations included under the term weathering. 

GEOGRAPHICAL DISTRIBUTION 
OF MINERALS 

The following nohw as to the distribution of 
the chief on*s and mincMvils, arranged linden* 
th(‘ headings of thi* countries in whioh tliey occur, 
may prove of intonwl. Jt rmist he borne in 
mind, however, that the vevuv is frequently 
changed, and that the country whieli at one 
period is “booming” as, say, a gold country, 
may at almost any ])eriod be displaced by a 
“ rush ” to somi^ other dislriet from whit'Ii 
prospectors may bring the nc^ws of important 
finds. 

Great Britain and Ireland. Our own 

country owes its predominant commercial jiros- 
perity os much to its mineral wealth as to its 
geographical situation. Coleiirated in the early 
dawn of its history as the source of tin ores, its 
coal, iron, coppt^r, lead, zinc and salt mint's have 
also contributed to its industrial development in 
later days. The Welsh steam coal is unexcelled 
for marine purposes. Unfortunately the iron ore 
mines upon which the prosperity of this country 
is largely dependent are approaching exhaustion, 
and toe supplies for the ironworks have to be 
drawn from abroad, notably from Spain and 
from Sweden, supplemented by ores from the 
European mainland, from Gret'ce, and even 
from Russia. Gold is found m North Wales, 
but in commercially insignificant quantities. 

Other European Countries. France;, 
Germany and Russia possess much mineral 
wealth, coal and iron predominating. Southern 
Russia and the hinterland between Europe and 
Asia is rich in petroleum, Baku being the 
centre of the oil industry. Sodium and 
potassium salts are found in Germany and 
Poland, while Austria-Hungary produces quick- 
silver, which is also found in Kpain. Iron ore 
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is found in Sweden, where it is smelted with 
charcoal, producing iron of great purity and 
excellence. MMiganese ores are found in Russia, 
Greece and Turkey, while copper is mined in 
Spain and Portugal, and traces of ancient 
workings for the extraction of copper ores are 
found in Greece. Gold is found in Italy, the chief 
mineral wealth of which is, however, sulphur. 

Asia. The mineral wealth of Asia is not 
fully known. Gold is found in Hindostan and 
elsewhiTc, while platinum is found in Siberia 
Persia possesses coal and petroleum. Cliina is 
a very rich country, and contains or(‘s of ncariy 
all the commercially valua])lc metals and 
minerals. Japan is rich in coal and iron. 
Diamonds, sapphires and rubies are found in 
Hindostan and in Upper Burmah. Petroleum 
is also found in Burmah, and in many of the 
larger islands of the Eastern Archipelago. 

Africa. The gold mines of the Rand are 
justly celebrated ; while the Niger States 
possess valuable de|)OHits of alluvial gold which 
have not, as yet, been fully developed. Namaqua- 
land is rich in copper ores, and Natal has abun- 
dant supplies of coal, a mineral in which th(‘ 
Transvaal is somewhat deficient. Diamonds 
are found at Kimberley and elsewhere. Algeria 
possesses mines of lead, zinc, antiraqny and 
copper. 

America. (Wada possesses an abunchmee 
of valuable minerals, including gold at Klondyke 
and in Nova Scotia and Columbia, silver, in 
the l^ke Superior district, iron ores in various 
localities, coal, p<»troJeum, and lastly, but not 
least, nickel, which is found at Sudbury, in 
Ontaria. The mineral wealth of the United 
States is enormous. Tt is the chief iron ore 
producing country m the world, and its output 
of coal, petroleum and natural gas is likewise 
on a gigiuitic scale. The Ihiited States also 
j»roduces a quantity of copjHT, lead and cjuick- 
silver, while gold is mined in (’olorado, California, 
Nevada, Utah, Montana and Arizona. Silver 
is found in Colorado, and several ot the othei 
Western States, and copper abounds in the Lake 
SuptTior district. In South America the silviT 
mines of Potosi are celebrated, while the nitrate 
beds of C^hili ate the most extensivi* in the world. 
Gold and diamonds are found in Brazil, and 
emeralds in Peru. 

Australia and Oceania. Australia and 
Tasmania are rich in tin ores, while gold is 
found scattered throughout Australia, and in 
New Zealand, ('oal is found in New South 
Wales. In Oceania the island of New Caledonia 
is justly celebrated for its mineral wealth, 
bting rich in nickel, molybdenum, and chrome 
ores. 

Mining 


Ore Handling. Only a passing mention 
can be made of the marvellous advwoes 
which have taken place in the methods 
of transporting minerals. The most striking 
instances are the aerial ropeways by means 
of which enormous tonnages are cheaply and 
expeditiously conveyed from place to place, 
and the wonderful ore handling appliances in the 
Lake Superior district in America. There the ore 
is handled by gigantic machines, which feed it 
into the ore steamers which ply between the 
mines and the chief ore docks situated on the 
lakes. The capacity of these steamers is very 
great, and the limit 'would not, even yet, appeal' 
to hav(‘ been reached, notwithstanding the fact 
that the Elbert H. Gary, a steamer belonging 
to the famous Steel Corporation, has recently 
broken all records by conveying a cargo of 12,328 
tons of ore from Escanaba to South Chicago. For 
unloading these cargoes, Hulett automatic 
machines are installed, and one of these, at 
Lorrain, Ohio, recently achieved the wonderful 
tHvsk of unloading 881 tons in an hour. The speed 
and economy of these niochines may be gauged 
by the fact that the cost of unloading has been 
r^uced to 1 cent. (Jd.) per ton. Indeed, the 
records of the Old World are fast being broken 
by those of the New World, and the student of 
mining fixes his eyes on the shores from which the 
Atlantic separates, in name only, the Mother 
Country, and views with admiration and sut- 
prise the striking progress which the adoption of 
scientific methods has enabled to be made in the 
(»re!|ter Britain beyond the seas, whose sons are 
the inheritors of the glorious mining traditions of 
the old country in that N(‘W Land whose re- 
sources so vastly surpass those of our own. 

Bibliography. Students who wish to 
pursue the study of mining into grt*ater detail 
than this course has provided will find no look 
of reliable t-extbooks on the subjeet. Messrs. 
Charles (jlriffin & Co. publish several goorl 
handbooks, among whieJi we may mention 
“ Prospecting for Mm(*rals,” by S Herbert 
Cox, (5s.); “Ore and Stone Mining,” by Sir 
C. le Neve Foster (34s.); “ Elements of Mining 
and Quarrying,” by the same author (7s. fid.) ; 
“Coal Mining,” by Herbert William Hughes 
(24s.) ; “ Mine Surveying,” by Bennett H. 

Brough (7s. fid.) ; “ Getting Gold,” by 

J. (\ F. Johnson (3 b. fid.); “Mine Aceount.s 
and Mine Bookkeeping,” by James Gunson 
Lawn (lOs. fid.); and “The Investigation of 
Mine Air,” by Sir Clement Foster (fis.). Books 
by other publishers include “ British Mining,” 
by R. Hunt (Lockwood. 42 b.) ; “ Economic 
Mining,” by C. W. Lock (Spon. 21 b.); “Colliery 
Working and Management ” (Lockwood. 158.) ; 
and “ Rock Blasting,” G. G. Andre (Spon. Ss.). 

condvM 
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THE MODERN CYCLE transit 

Frame Construction* Wheel BuildinoT* Hubs and Gears. * 

Brakes and Tyres. Components and Accessories romtiim’Tio^ 

oonttnuH from 


By H. j. 

IN the cycle factories of Coventry and Birming- 
^ ham we have instances where the machine* 
is built throughout, oven including the tyres, 
now that various patents have lapsed ; but 
usually, although completed machines leave the 
works, outside tirms are depended on for such 
items as tubing, chains, balls, saddles, etc. 
Another class of factory is that where comjmncnts 
or parts are made as well as completed frames. 
These are sold to dealers who assemble the 
different fittings together into the complete 
article. This assemliling forms a large branch of 
the trade, and will be the form of manufacture 
most likely to interest the reader os being one 
ho may himself adopt. 

The Cycle and its Parts* Our 

bicycle of to-day consists of two wheels plac(*d 
one before the other, mounted in a frame of 
steel tubing which carries the means for propul- 
sion, seating, and steering. Thre<‘ typ<*fi of frame 
an* illustrated — 60, a road racing frame ; 61, lady's 
frame; and 62, a tandem frame with rear seat 
for lady. 

The frame consists of the following parts ; 

(a) The Upp The horizontal memlx^r 

running from the seat to the slc(»ring. 

(h) The hmd. 'J'lu* short member which 
receives the stem of the front forks. 

(c) The ffottom tube, running obliquely from 
the head to the bottom bra(’ket. 

(d) The seat, or dotvn Ud)e, running from the 
bottom bracket to the seat. 

(c) Tlie back forks, or stays, conn(*cting the 
seat with the hind wheel hub, 

(/) The chain stays, connecting the bottom 
bracket with the hind wheel liub. 

(g) The front forks, the stem of which turns 
within the head tube (h). 

The Frame of Ladies* Bicycles. 
The difference in dress necessitates a modification 
of the top tube [61 J. This mcmljer, in the gener 
aiitv of machines, runs from the top of the head 
and sweeps downwards to a point just above 
the bottom bracket Often it is connected by a 
st^ to the bottom tube. 

1 he Frame Lugs. The frame tubt*s an* 
joined together by moans of socket-shaptd 
pieces called higs, the junction being effcctxl 
by brazing and internally strengthened by pieces 
called liners. 

The lugs in s standard pattern frame are : 

(а) The top head lug, joining the head and 
top tubes. 

(б) The bottom head lug, joining the head and 
bottom tubes. 

(c) T3ie seal Ivg, joining the top and down 
tubM imd pfovid^ with means of attaching 
the book forks, and split for adjusting the scat 
pillar which carries the saddle. 




BUTLER 

(d) Tlic bottom, or cmyik bracket. Tliis is 
provided w ith sockets for taking the down tube*, 
bottom tul»e, and the two chain stays, as w ell as 
receiving the axle to which the pedals and 
their cranks are fastened. 

(e and /) Tiie two chain stays and the two hack 
forks ai'e generally connected together— suffi- 
ciently beyond the wheel to give a safe clearance 
— by a bridge in each case. 

ig) The back forks ends may be brazed to 
the lower ends of the forks, but in many patterns 
both ends of the back forks arc fixed by a bolt 
passing through them. A slot is provided for 
receiving the hind wheel axU*. 

{h) The two front forks an* eormected by a 
crown which also receiven tin* fork stem. 

In a flush 'joinU'd frame the above lugs are 
plac(*d inside the frame tubes instoad of the usual 
practice of placing them outside. A lug usually 
connwts the handlebars with the handlebar st(‘m 
and another connects the two portions of the 
seat pillar. 

The Head. Thi* head tulw receives within it 
the sUmi of tin* front forks, and, again, inside the 
front fork st^em we place* from alM)ve the stimi 
of tlu* handle bars. These tw^o stems an* held 
tightly together by a elip immwliutely above 
the top h(‘ad lug. The clip is provided with a 
bolt and nut, W'hile the fork st(‘m is split for a 
couple of inches at the back to allow of adjust- 
ment. A nut is also jirovided to prevent vertical 
play. It is u ual U) provide* a steering lock, 
whereby the turning of the front wheel is arrested 
This prevents damagi* whi*n leaving tiu* machine 
against a wall or curb. 

Then* are numerous shafies of handh‘bar.s 
[681 bra7x*d through tin* lug on tf)j) of llu* 
stc».m, and they are made to suit every taste. 
From the raring pattern, allow lag of a low 
grasp placed forward, arc int(*rm<*diat(‘ natterns 
until we arrive at the* full upturnca lady’s 
pattc*m which brings the iiandb above and behind 
the top of the head tubt*. 

The Driving Gear. The modern bicycle 
is rcar-driWa —that is, the motion is iransiuiltt'd 
through the hind whot*l. By jiressing down 
alternately on tlie pedals the cranks are rotated 
with their connecting axle whii h sets in motion 
the bracket chain wh(x*l and, likewise, by ni(*ijns 
of the cham, Uie hub chain wheel. 

The CranKe. The cranks receive at their 
lower ends the axle of the pedals. The latter 
may simply screw into the cranks. Care should 
be taken to see that a li*ft and right handed 
thread is provided re8p<x*tively, as although 
the pedals rotate round their own axle in the 
same direction, yet they are on opposite sides of 
the cranks, and the tenden(*y will bo, if opposite 
threads are not provided, for one of the j^dals 
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to work looHC. Tlio inner end of th(‘ crank 
is swelled out and pierced to receive the crank 
axle. A common method of fixing is by a 
tapering cotter pin which drives into a similar 
shaped keyway. Both have a flat side to pre- 
vent working loose. The cotter pin is pulled up 
tight by a small nut. 

The Throw of CranKs. The length from 
crank axle centre to pedal axle centre is called 
the throw. Usually 7 in. will Ih' found suitable 
for a rider w ith normal length of leg. Increase of 
tliis means greater leverage, but the f<‘(»t have to 
move through a larger circumference, thereby 
speed is lost. For tall riders using a high gear, 
7^ in. is often used, and ladies find comfort 
when the throw is not more than 6^ in. 

The Chain and Chain Wheels, The 
power is not merely transmitted from one chain 
wheel to the other, but by the relationship as 
regards the number of teeth on each wheel, 
the number of revolutions of the hind wheel are 
greater than the revolutions of the cranks. If 
there are 16 teeth on the bracket chain wheel 
and 8 on tlie hub chain wheel, the hind wheel 
will revolve twice as often as the cranks. 

The Gear. The gear of a bicycle is cal- 
culated in inches, and represents the diameter 
of the wheel that would he necessary to ensure 
the same rate of speed if the cranks were con- 
neetbd directly to tne driving wheel hub. Thus, 
if we have 16 teeth in front and 8 at the back, 
together with a 28 in. wheel, we call the gear 
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“■66 in.,” which is arrived at by dividing tbo 
number of teeth on the hub chain wheel into the 
number on the bracket chain wheel andmultiply- 
mg by the diamet(*r of the driving wht'cl. By 
multiplying again by .‘U wo get, approximately, 
the d’ stance which the machine travc'ls at one 
complete n*voIution of the cranks. 

The Chain Line. it is absolutely 
necessary that the chain should run over the 
ti'cth on the chain wheels centrally, without any 
imdue friction on either side. This is attained 
by a correct chain line, and is calculatt)d at 
two points [see 64 ]. 

1. From a line passing transversely through 
the centre of the back hub to a line passing 
through the centre of the chain wheel teeth. 

2. From a line passing transversely through 
the centre of the crank bracket to the centre of 
the chain wheel teeth. 

Both these measurements should be exactly 
the same, thereby ensuring that the two chain 
wheels will revolve exactly in the same line 
in the same way that* the two road wheels 
should do. This chain line varies from IJ in. 
in racers, to Ij in. in roadsters with gear 
cases. 

The Bracket Chain Wheel. The chain 
wheel is usually fixed by screwing it on to the 
inside of the crank boss, and the outer ring carry- 
ing the teeth can be made detachable, so that 
the gear may be increased or decreased by adding 
another ring of teeth. 





Th* Hub ClMtla WImmI. nMi»mKrtnA 
on to* the book liub and rotated with it in the 
patterns of the last few jeara, irat aow, owing to 
the almost univenal adoption of the free wheel, 
it forms part of the frw wheel hub, and bj 
means of either roller friction or a pawl the 
hub can rotate while the chain, cranks, etc., are 
at rest. The hub chain wheel should be of a 
sufficient circumference to accommodate not 
fewer than eight teeth. The larger this whc^l the 
further from the centre lies the chain, conse- 
quently meaning greater leverage ; also, the 
chain is not undmy curved. But we must 
limit the size^f this chain wheel, as the larger 
this wheel is, the larger must our bracket chain 
wheel be in order to obtain the same gear. 

Tha Clinla. The chain may either lie a 
series of solid blocks connected to side links 
by means of pins allowing of free movement as 
the links run round the chain wheels, or the 
side links may be oonxieetc^ by pins which pass 
through rotating rollers. The first type of chain 
is known as the block chain, and now finds little 
favour; the second is the much used roller chain, 
in which we have the advantage of rolling over 
sliding friction. The links are formed into an 
endless chain, by means of a bolt and nut which 
takes the placi' of one of the pins. 

Pitch of Chain, The jut eh is measured 
from the centre of one pin to the 4 entre of the 
next —usually it is J in. 

Adjustment of the Chain. The clia‘a 
whm propi^rly adjusted should show a very 
slight departure from the straight line. A loose 
chain may mount the chain wheel and cause 
disaster. The slot in the back fork ends allows 
of the hind wheel being pulled further away 
from the crank bracket. This is done by turning 
a nut at the end of the slot. <3are must be taken 
to perform the ojieration equally on both fork 
ends, otherwise the alignment of the hind wheel 
may be destroyed. 

Free Wheele. The roller type *of free 
wheel is almost obsolete. When the chain 
ring is taming, a series of rollers are drawn by 
friction against the ring up inclined planes, and 
are jammed betwe^ the clutch and the ring, thus 
tak^ the hub, and consequently the road wheel 
with it. When free wheeling takes place, the 
rollers are released together with the contact 
between the chain ring and the free-wheel clutch. 

In the ratchet free wheel the chain wheel is 
fitted internally as a ratchet wheel, while pawls 
are eannected to the clutch. When the chain ring 
is revolving the pawls slip past, but when it is 
stopped either the pawls are free to drop hy 
themselves, or they are forced home to their 
woik by small eoiled springs. These are various 
modificatiouB of this main principle which are 
the subject of patents. 

Pedal and Other Brallea. A ba^* 
pedalliag brake is one in which retarding aetkm 
is effected usually within the back hub by means 
of <Mie cone wedging itself into mnother when pres- 
sure is exerted in the opposite direction to the 
usual pedsJliiig force. Another variety of thesan^ 


type of brake is m the form of a rim brake. This 
is brought into play by moans of a tension rod 
connected with the crank bracket. Rim brakes 
are the typo that have been adopted largely. 
Pressure is applied either by a system of levers 
and connecting rods, or by a Bowden wire, the 
power being applied by a small lover. 

Variable Gears. Means are sometimcH 
provided within the back hub whereby the gear 
may Ih' altend at will. It is advantagt'ous to 
lower the gearing when going up hill, and on a 
good level road one naturally wishes to increase 
the rate of speed. This may be ctTected when 
variable gear is fitted by merely pulling a lever 
and yet maintaining the same rate of crank 
rotation, although, of course, more power will 
lie necessary for the higher gear. There are two 
and three-speed hubs, and usually on one goat* 
(the high) the whole hub runs soM. The inter- 
meshing of toothed wheels of varying numbers 
of teeth ensures different rates of speed in the 
sarnie way as with the chain and its wheels. The 
modern gears are also fitted to allow of free 
wheeling. 

The Tubing. The frame is composed 
of weldioBs steel tubing [66], which implies that 
it is not merely sheet metal weldt^^l to form a 
but is worked up from the solid. Usually the 
section of the tubing is circular [65 K|, and 
varying in gauges according to the sirtmgth 
necessary, but the bock forks and chain stays 
are usually of D st'Ction [66 UJ, while the front 
forks arc oval [66 D]. Not only does the gauge 
vaiy, but in the sami' tube wii may find the 
UiicknesH increasing at iho end. This is butted 
tubing, and when reinforced at both ends we have 
a do>t^-butled tube [66 A], ilie tym* used in Uui 
best machines. Taper gauge tubc^ [65 B] is often 
the material used in the front forlu { 66 and 67], 
thegreat/eststrengtli being at the crown. Butted 
tubing obviates the necessity for using liners. 

Wheels. Tlie wheels coiLsist of wire spokes 
inserted in metal or Rometimes wooden rims, on 
which are plaoed the pneumatic tyres Equal 
sized wheels allow of interchang<*abililv of tyres, 
which is an advantag<*, as the wi'ar on the back 
tyre is greater. Theri'fore, after a bicycle has 
run a ctinsiderablc distance, the tyres may be ex- 
changed. Wheels of 28 in. diameUn* are usual. 

Spohea. Spokes are generally tangent ml 
to the hub, the weet -spoked wheel l>eing out of 
date. Spokes may lie the same gauge throughout 
or single and double* butted. They are made 
stouter at the ends wiiere tlic strengtli is neces 
sary ; the centre is lighter, and giv<5S less air 
resistane^. Tlie spoke is jirevent^^^d from passing 
through the hub flange by its head, and is 
attadied, and its tension is regulated, by th<i 
thread and nipple and washer at the rim. 

lUm*. Steel rims are (dthor hollow or solid, 
and are adapted for the different brands of tyres. 

A rim joint, when placed exactly opposite the 
tyre valve, can be made to balance; it , and such 
a rim can be manufactured without beat. 

Tjrrea. The pneumatic tyre consists of three 
portioiKS : (a) The inxier tube, made of rubber, 
Uglily vulcanised and provided with a valve 
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ilub in ite centre at its 
proper height, and then 
taking the 1 ‘equired 
length. 

Spacing the Front 
Spokes, The spokes 
are built into the wheel 
in the following manner. 
For a 32-8poke wheel 
mark two holos in the 
rim, leaving nine apart. 
Thread the ends of four 
spokes, try them^in 
position. Screw up the 
nipples till the hub is 
hela exactly in the 
centre of the rim. Here 
we shall be able to see 
if we have measured 
with precision, for the 
spoke should not project 
beyond the rim ; also, 
if " threaded for the 
proper length, no threads 
will show beyond the 
nipple. If any altera- 
tion is necessary, wo 
shall be able to make 
it in the remaining 
spokes SLxtcen spokes 
proceed from one sid(' 
of the hub to the rim. 
At the rim the spoke 
heads are alternately 


1 T«M«n 2 Huddit ( H(MdadjuHtii 4 llaudli gripM 6 Haiidlebiu * l>ult 7 liitcht imiik 

H Lrft uiaiik aiid axlo V Hpawiiai 10 Haddl« clip 11. H«at pillar 12 Heid PhIc iIdr 1 i. Lamp bracket 

14 OuUii top Imad cup 16 liiiior ditto 10 Kxpaiidur cuiie 17 Axit iiut IH Oilcan 10 Heat pillai bolt 

20 Heal pillar ariudmr 21 Heat plllui uut 22 Heat lug 2:< Pump clip lauid 24 Back fuika 26 ( rank biacki t 
lubricator 2U Heat tula 27 Pump clip flxod end 2k Pump clip Iwiid 20 Pump clip aptliiK 10 Pump 
*11 Pump cuiiiicctioii 12 lop tulie .1) Mead .14 Bottom tube .15 Cbalii Mti}H Ki (rank bratket hIuH 
.S7 Chain mIucI .W fhiilii *10 HtoeiliiK lock ncaket Iwlt 40 Hteeiiig bak aockot 41 lk)itoiii liiarl tup 
42 Fork crown ton* 4.1 Fork at* in 44 lorktrown 45 Hleerlng lock ladt 40 Hteeiinglotk Iwml 47 Mteeilm, 
Intk tollai 4k Hteeilng loik nut 40 Fork lOatlea 60 < rank brocket above 61 Pedal pin 62 Peilul tone 
61 Pedal com wualiei 54 Pttlal <om nut 66 ( loiik lirm ket bakliiK dlat DO Crunk biuiktt Iniiei dUi 
67 Htet ling lock him ket anew 6k Keccratble bomllelmr < X|ioiidii bolt 5|t Kt vtialblc hamiklNU t xpindei bolt 
lint 00 lloveranilt bandit liar HI llovcraiblc baiidletiai attm 02 litalde end plat* foi lubla i latlal fcl Ptilal 
llihrleatlnv bund 04 ketlal iiinlib cup 00 Pedal teiitre <Ki OntaiiU end plate for lubbii )ieiiul 07 Ptdul 
outildeiiip OH Petlal nildaiH OO Inaide end plate foi rnbbei pedal 70 Pedal liiaule tup 71 Peilal *llaUnie 

« leee 72 Pedal ceiitii 7.1 ( Mil aide end plate foi ruble r pt dal 74 Ptdul rublivi tod 76 Pttlal nutaidt tup 
1 Die ld«*d pedal iiiblau 77 Pitlallubiitatiug IniiiU 7'< Pedal i iibl mu rod nut 7M l>clai iliiHt tup kO Puitl 
iiiaideeup HI Itialilu luid | xte f or i at trap la dal W! Pedal ceiitit HI OiiUide e ml plate for i it trap dal 
H4 Pudal oiltsldi nip 86 Pttlal tide pi it i kli Pedal strut k7 Pedal lubrliatiiig IniimI Hk Ib \i ml bit h indie >iui 
top * \pimU r t om k'l UeveuMible bumllibui eollai 


insidt‘ and outside the 
hub flange. An equal 
number proceeds from 
the other flange in lik(» 
manner, both sets 
spacing themselves on 
the rim altemateh . 
After the first four 
spokes have been in- 
serted, another four are 
fixed, leaving the saint* 
space apart as before. 


whereby the tyre may be inflated and retain 
the air pumped in — this valve passes through 
the other portions of the tyre and the rim ; (h) 
the fabric on w'hich (c) the outer vulcanised 
cover is mounted. These last two portions are 
Holutionod together. Single-tube tyres have no 
distinct inner tube. 

The tread of the outer cover varic.i from the 
mere strip of the racing tyre to the heavy tread 
of the roadster. Tyres may be retained by 
wires or by a beaded edge. 

Building the Wheels. The number of 
spokes in a rear wheel is usually 40, w'hile 32 
suffices for the front wheel. There are mechanical 
cr>ntrivanecB for spacing the spoke holes in a 
rim, or they may bo taken off from a spacing 
lioard or from an old wheel. The holes are then 
drilled, the delicate rim being properly sup- 
ported, and the burr round the holes removed 
with a half-round file. The spokes are out off 
to correct length. This is found by laying the 
rim on a Level surface, and supporting the 


and so on till the wliejl w built. 

Spacing the Hind Spokes. The 40 

spokes for this wheel are first spaced by placing 
two spokes in the hub flange* six holes apart, 
einc with head inside and tlie other outside ; the 
spokes are crossed, and reach the rim one hole 
afkart. Miss two holes m the hub flange below 
each of the first spokes, and repeat the operation 
as before. The fifth spoke leaves tlie hub with 
one hole betw'cen it and the next, and runs in 
the same direction as the spoke from which it 
was spaced on the hub, and proceeds to the rim, 
entering the same three holes from its fellow. 
Complete the whole of one side first by putting 
10 spokes in one direction. The remaining eight 
spokes running from the same hub flange arc 

E laced in the opposite direction, and crossed as 
efore mentioned. The other hub flange, with 
its 16 spokes, is similarly treated. 

Wheel Truth. The wheels are trued by 
the careful tightening or slackening of the 
nipples. Not only have we to see that the rim 
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is equidistant all 
round its oircumfer- 
enoe from the centre, 
but that its two faces 
lie in parallel planes. 

To cure a defect in 
circularity the spoke 
at the fault and 
directly opposite is 
a^ustM 

Frame Butldlaf. 

We shall suppose that 
on outline dmwing of 
the frame has been 
made, preferably on a 
sheet of metal, so as 
to test the true rela- 
tionship of the parts 
while hot, and in 
order that we may 
know the exact length 
of the tubes before 
bra/.ing in the lugs. 

The Cornpo- 
nenta. Before con- 
structing the frame 
we shall need, beside 
our lengths of tubing, 
a set of components 
which are as follows : 

1. The front wheel 
hub. 

2. The back wheel 
hub, with chain- wheel. 

3. The crank brae- 70 . cyulb components 

ket, with cranks, axle no. BiwkiapakphnuketUukrlvi't Ul Baokljr*k®hrafkciUnk SaokUrakeWraokutlhik ilvft 
and chain-wheel. 

4. The head tube, 
with its top and 
bottom lugs and ball 
races ; front fork 
crown, lamp bracket, 
etc. 

5. Pair of pedals. 
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bridge. 

7. Chain stay ends. 

8. Back fork bridge. 

9. Back fork eyes. 

10. Seat lug. 

These and the other numerous parts of a 

modem bicycle are illustrated in 69 and 70. We 
have selected the parts of a Rudge-Whitworth 
bicycle ae typical. 

Chain Stays. The chain stays are cut to 
length, so that with the short bridge tubes (those 
running from the bridge to the crank bracket) 
and the bridge in position wo shall have not less 
than } in. between the tyre and the inside of the 
bridge, the back wheel spindle being at the 
commencement of the slot. The chain stay ends 
are brazed to the chain stays, and the short 
bridge tubes are brazed to the bridge lugs. 

Back Forks. The seat lug, or back fork 
eyes are then fitted to the back forks, and 
mazed 

The chidn stays, with their brazed-in ends are 
tried to the back wheel and spindle to see that 


101 Fixed wheel 
Dwarf brake level Hill Dwarf 
172 IlWHif biake lever <llp 
bill* 


the stay end faces are parallel, and that the stay 
lines correctly each side of the whfwl. But* only 
the trying should be conducted with the wheel in 
position, as any attempt to adjust any error 
will injure the partp. The necesMary alterations 
should be made at the l)enoh, and it is a safe rule 
to remember that a tube must lx? gripped or a 
blow given by something softer in nature than 
the part undergoing the ojK*ration. Tulx^ clamps 
are therefore constructed of hard wood, and a 
woo^n mallet must be used in most cases. 

Fitting up the Frame. The bottom 
head lug has the head and bottom tubes fitted to 
it, and as the bottom tube butts right on to th<' 
head tube inside the lug, a piece must be hollowcfj 
out to allow of the two tubes beii^ brouigiit. 
close together. We next place in position the 
head lug and into it fit the top tube, hollowing 
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oat tho iatter in tbe mme mwiner m tike bottoin 
tube. Knock on the oraok bracket, and into it 
the seat tube ; lastly, fit the seat lug in posi- 
tion, hollowing ont having been periomed at the 
end of the top tube, where it touches the seat tube 
and the end of the bottom tube to miss the end 
of the seat tube, l^erefore both bottom and 
top tubes are hollowed at each end. 

The Uee of the Mandrel. If a 
tube be too small for its lug we force the tube 
gradually on to a mandrel held in the vice. The 
tube should be revolved as it is knocked forwards 
in order that the enlargement required may be 
performed equally all round. A caulking 
chisel is also used to ensure that the lug shall 
fit absolutely all round its tube. 

Braaing. Being quite sure that the frame 
follows accurately the drawing as regards every 
measurement, and that the various angles formed 
by the tubes with one another are as drawn, we 
may proceed to braze the frame together. 
Brazing is a process effected by means of an 
internal charge of brass or spelter and borax. 
Daring the l^ating, brazing pegs are inserted 
at the joints. Parts, such as tlu^ds, where it 
is necessary that the brazing mixture should 
not run, are coated with blacklead. Care must 
be taken not to bum or overheat the tube. 
Where the tube has not an outlet, a tiny hole 
must be punched to allow of the escape of 
heated air. Brazing is also effected by steeping 
the specially prepared frame in a vat of molten 
brass. 

Completing the Chain Stays. The 

bridge with its short tubes and the two 
stays with their ends are first fitted and then 
bn^d together with the back wheel spindle in 
position to give them their proper relationship, 
after which they are united to the proper lugs 
on the bottom or crank bracket. While brazing 
the stays into the crank bracket we must tk^ 
the frame from the spindle to the seat lug. 
If the back stays are of the detachable variety, 
it will be convenient to bolt one in position. 

Testing the Chain Line. Clean out 
the crank bracket, and {fiace the cups and 
spindle in position, and fit on the bracket chain 
wheel. Then, place the hind wheel in position 
with its chain wheel, and place a straightedge 
along the faces of each of the chain wheels. 

Building the Front Forlla. Ihe 
fork ends may be either slotted or drilled for 
the front wheel spindle ; the former method is 
best, as it prevents springing in the spindle. 
Clean out the slots or holes and braze on the ends. 
Having allowed for the } in. clearanoe, as in the 
chain stays, for the wWl, braze on the fork 
crown. The fork stem is then brazed to the 
crown. Care should be taken that each fork 
blade is exactly the same length, that the side 
clearanee from the rim is the same, and that it 
unites with the stem exactly as marked out on 
the drawing. Hie side sad front view of a com- 
pJete pair A front forks is shown in d6 and #7. 

fiUiii^lnlknfu. The handleban may be 
fitted to the haadiebar stem by a bq^ joint or a 
log. The lap joint is merely wrapped round 
the oentra of tl^ har and brazed ; but with the 
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tug we have a strong and neat fixing suoh as 
is used in the frame proper. 

The Sant Ftllnr. The peat piHar has 
an alternative fixing, as the handfeha^ and we 
must be careful to see that it fomna a shnilar 
angle to that formed by the and down 
tubes. 

Tasting tha Fmma. Too much atten- 
tion cannot be given to making absolute sure 
that the frame is true. It must {dllow the 
drawing in every detail, all lengths, overall 
length and angles being as set out. Hie wheels 
are correct before mounting in the frame ; and 
we must test our work to see Uiat th^ are 
centrally placed. Another important matter is 
that the centre line of each of the tubes lies in 
the same plane. A straightedge placed on the 
face of the bottom bracket at one end should 
be parallel to the edge of the tube up which it is 
placed, the sp^e between the straightedge and 
tube being tried by a pair of inside callipers. 
After the testing has been completed and the 
frame found correct, it is filed up and cleaned 
with emery. 

Plating and Enamelling. The parts 
usually plated are the handlebars, seat-pillar, 
front fork crown, fork tips, chain wheel, cranks, 
|)edals, spokes, wheel rims, and all nuts. Plated 
parts are finished with the polisher's bob, so 
that except in comers where the bob could not 
roach we need not trouble about much high 
finish 

Enamelled parts must he carefully finished 
with emery, and the Ix^tter the surface the better 
finish vill the enameller be enabled to produce. 
Being quite sure that the parts are fm from 
grease, the tubes are given a coat of enamel, 
either by dipping or by hand. Hie surplus 
ha\ing been removed, the frame is hung up in 
an oven and subjected to a temperature of about 
360° for a couple of hours. This coat is flatted 
with pumice dust and the enamelling and 
heating repeated A third coat gives a better 
finish. 

AMembling the Finished Pau*te. 

We fiist proceed to fit up the bottom bracket, 
taking care to protect the freshly-enamelled 
frame. When the cones, balls and axle are 
in position we proceed to fit on the cranks, 
driving up the cotter pins securing them with 
the nut provided for the purpose. Hie head is 
then fittra up with the balls in their respective 
races, and me handlebar clip, la^-li^ket, 
and lock nut placed in position. Tne wheels 
are then put in, care being token before final 
adjustment to see that they track. A properly 

Th^we fix on the mu^ipiacds and brake, of 
whatever pattern uded, the seat piHar with 
its saddle, and, last^, the gear case if used ; 
sod if a lady's machine, a Sens guard. 

Beorings. One of the meet important 
factors in deoiding the sweet ruimiiig ol a 
cycle is the design of the bosrmgi and their 
lubrioatioii. A bearing is to be foiw wherever 
movement occurs, such as the wheel, crank and 
pedal axles, and lor many jreaie past they 
are and have been — ball brnmiga 
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Ball Baarings* A ball bearing consists 
of a series of steel balls working in a race, which 
is formed between a cone on the one hand and 
an encircling cup on the other. In a plain 
bearing those two surfaces would work directly 
on one another ; but in ball bearing we have 
the friction transferred to the small points on 
tiio surface of the balls, and rolling friction 
substituted for sliding friction. 

Typea of Boarinca. Bearings may be 
classihed according to their type or method 
of adjustment. The balls of the bearings 
work between a cone, fixed generally to the 
axle, and a cup screwing into a corresponding 
part of the machine. In the crank bracket the 
cone is affixed to the crank axle and revolves 
with it, while the cup is screwed into the shell 
of the bracket and remains stationary. In 
the wheels this is reversed ; the axle and cones 
are fixed and the two cups revolve. 

Adjustment Variations. Bearings are 
either cone or disc adjusting. In a cone 
variety hub the cups are fix^ into the case 
of the hub. One cone is attached permanently 
to the hub axle, while that on the other side is 
threaded on so that it is capable of adjustment 
and at the samt^ time allows of the passage of 
the balls to and from the ball race when required. 

Fitting Up a Ball Bearing. It 

will be readily understood that by sliding 
the axle in the hub and by unscrewing the 
movable cone, the balls may be slipp(S in. 
In putting the bearing together the side with 
the fixed cone would be inserted first. Then, 
after holding that up to its place and turning 
the wheel over, the other side is found with 
the movable cone projecting out ready for the 
balls, after the insertion of which the cone is 
screwed up into position. 

Disc Adjustment. In the disc adjust- 
ment bearing or cup adjustment, as it is 
sometimes called, we have a fixed cone on each 
end of the axle. The cups screw bodily into 
the case of the bearing. 

Width of Bearings. In the cone type 
of bearing the cones arc outside the cups, 
while in the disc type the cones are inside. 
It is well to point out that the distance* between 
the ball races, and consequently the width 
apart of the bearings, should be as wide os 
possible to resist the one-sided strain that we 
get in the chain-driven bicycle. The disc 
adjusting type gives a slightly greater width 
of bearing, and where it is used in the bottom 
bracket, it is a good plan if the bracket chain 
wheel can be dished inwards towards the centre, 
thus bringing the strain more central — nearer 
the ideal position of the driving chain. 

Acceooorleo. Bv accessories we include 
such items as the saddle and tool bag, lamp, 
bell or horn, tools such as spanners, oil-can, 


inflator, luggage carrier, repairing outfit, trouser 
and toe-clips. 

Saddle. There are many forms of saddles, 
and they are made to suit any purse. A good 
saddle should be made from selected leather, be 
adjusted to allow the cyclist to rest on the broad 
paH and reach the handlebars and pedals 
without any suspicion of stretching. It should 
be mounted on springs that with their elasticity 
will prevent bouncing on the one hand and a 
hard seat on the other. The peak is merely to 
retain the rider from getting away from his 
proper seating, and is not meant to receive any 
great strain. Tliere are special forms of saddles 
for racing men which give great freedom of action, 
and the most fastidious can choose various 
types of hygienic saddles. Means are provided 
for taking up the slack, should the saddle 
through exposure and heavy usage warrant it, 
and the judicious application of occasional 
dressing will all help to lengthen the life of that 
part of the machine which, with the tyres, gives 
comfort to the cyclist as he rides. 

Lamps. Most cyclists use the oil lamp, but 
acetylene gas gives a far more powerful light. 
Candle lamps are also manufactured. To burn 
welly a lamp should be kept thoroughly clean. 
This is cBpeciaUy the case in a gas lamp. A 
cheap lamp is no economy, for a light is a legal 
necessity at night, so we must pay a fair price 
if we are to expect a lamp that will Icot'p alight 
in the roughest weather and always to be 
depended on. 

The Tricycle. The tricycle is a slower 
and heavier machine but free from side slip. 
The one essential difference, apart from the 
number of whetffs, is th(* presence of the balance 
or differential gear on the hind axle, which allows 
of the outer whwl revolving at a greater sfieed 
than the inner one, a necessity when rounding 
a curve. 

The Modern Use of the Tricycle. 

The tricycle is now chiefly used as a carrier ( 68], 
having a box of varying descriptions mounted 
in the frame. The Ixix may be on tlic^ front 
axle with th(* handlebar fixed to tlie top back 
rail of the body, or on the hind axle, when the 
steering is usually effected by stirrup handles. 
In a hicjfde earner small boxes are fitted each 
side of the hind wheel. 

Tandems. The tandem frame [62] is con- 
structed practically under the same conditions 
as the bicycle frame, and is arranged for a 
lady either front or Ixdiind, or with both scats 
for men. I’hc tubing used is of a heavier 
gauge, and we have another set of chain and 
back stays, down and ton tulies, to provide as 
well as the extra handlebar and sU^m, seat- 
pillar, bracket, chain wh(*el and chain. Other 
multiseated types are used for path pacing, but 
are being discontinued oving to the advent of 
the motor bicycle. 


Continued 
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COMPARATIVE LITERATURE 

A Note on Comparative Literature. American Wtitera. Ancient and Foreigii 
Clasaics for Ens^lish Readera. Booka that Muat^ Mey* end Need Not be Read 


By J. A. HAMMERTON 


Vj^HAT is technically known as “ comparative 
^ literature ” is a vitalising factor in inter- 
national goodwill and the fellowship of nations. 

To know only the literature of our own country 
is no small thing, but we must know also some- 
thing of the other literatures, else we are in much 
the same position as the man who has travelled 
throughout these green islands of our race and 
has never set foot on foreign soil. He is the 
least competent person to tell us of his own 
lan^ lacking as he does all standards of com- 
parison. The reader who knows only his 
national literature is not quite so insular^ since 
he has at least spent time in the company 
of writers who, for the most part, reflect a uni- 
versality of culture ; but it behoves the serious 
student to acquire some knowledge of foreign 
literature, preferably in the original, even if 
his Knguistie attainments be limited to one 
foreign language — French or German. There 
is, however, an abundance of good translations. 

Thus, many ot the best novels of recent years 
have eome to us from France, Germany, Russia, 
and Italy. Some of the soundest criticisms of 
English literature art' the work of French writers. 
In the study of comparative literature, the French 
are undeniably in advance of ourselves ; and a 
short time ago a mos* useful treatise on the subject 
was written by M. Frederic Loliee. This has 
been translated by Mr. Douglas Power, M.A., 
and published under the title of “ A Short 
History of Comparative Literature from the 
Earliest Times to the Present Day ” (Hodder & 
Stoughton. 6s.). There can be no doubt, of 
course, that it is best to read a foreign book in 
the language in which it was originally written ; 
but the reader's knowledge of that language 
must be a competent knowkdge. Where this is 
lacking, competent translators are the more 
desirable from every point of view. The English 
Bible IS a translation, so we may well accept 
Homer at second hand. 

AMERICAN LITERATURE 

Although it is true in the main that American 
literature is onlv a province of English literature, 
we have not dealt with American writers in our pre- 
ceding studies, reserving them for separate notice. 
Apart from the' influences of environment, the 
sources of American literature may be truthhilly 
described as English and German. In America, of 
recent years there has been a much greater study 
of the Greek and Roman classics, while Trans- 
atlantic scholarship is rivalling that of England, 
p^icularly in regard to the literature of the 
Elizabethan period. We must now pass in review 
the names of those American authors with whose 
work every English reader should be acquainted. 
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Poetry. In poetry, the outstanding names 
are those of William Citllbn Beyant 
(b. 1704; d. 1878); Ralph Waldo Emer- 
son (b. 1803 ; d. 1882) ; Henry Wads- 
worth Longfellow (b. 1807 ; d. 1882) ; John 
Grbenleaf Whittier (b. 1807 ; d. 1892) ; 
Edgar Allen Poe (b. 1809 ; d. 1849) ; Oliver 
Wendell Holbibs (b. 1809 ; d. 1894) ; Walt 
Whitman (b. 1810 ; d. 1892) ; Jabies Russell 
Lowell (b. 1819 ; d. 1891) ; Charles Godfrey 
Leland (b. 1824 ; d. 1903) ; Riohard Henry 
Stoddard (b. 1825 ; d. 1903) ; Bayard Taylor 
(b. 1826 ; d. 1878) ; Francis Bret Habte 
(b. 1839 ; d. 1902) ; Jambs Whitcomb Riley 
(b. 1853) ; and Cincinnatus Hiner Miller 
(“Joaquin Miller”) (b. 1841). A number of 
these poets are no less, and some are more, 
distinguished as prose writers. 

Prone Fiction. American prose is charac- 
terised by much didaeticism ; its earliest ex- 
amples b^r the impress of Steele and Addison 
ana the Puritan divines. In its later phases it 
has, however, lacked neither fancy nor humour, 
the humour being especially racy of the soil. 
Perhaps no name more representative of Ameri- 
can letters could be mentioned than that of 
“ Mark Twain,” Samuel Lanqhornb Glemens 
(b. 1835), who is essentially a humorist, with 
a vein of seriousness cropping out at times above 
the surface of his humour. The short story 
has been brought nearer to perfection in America 
than it has in England. Taking the writers of 
fiction m chronological order, the following may 
be accepted as representative : James Feni- 
MORE Cooper (b. 1789 ; d. 1851), author of 
“ The Last of the Mohicans ” and other tales of 
Red Indian life ; Nathaniel Hawthorne 
(b. 1804 ; d. 1864), author of “ The Scarlet 
Letter ” ; Ouvbr Wendell Holmes, author of 
“ Elsie Venner ” ; Edgar Allen Poe, an 
absolute master of the short story ; Harriet 
Beecher Stowe (b. 1811 ; d. 1896), author of 
“ Uncle Tom’s Cabin ” ; Francis Richard 
Stockton (b. 1832 ; d. 1902), author of “ Rudder 
Grange ” ; Thomas Bailey Aldrich (b. 1836), 
whose “ Queen of Sheba ” is one of the greatest 
of short stories ; Wiluam Dean Howells (b. 
1837), who shares with Henry Jambs (b. 1843) 
the honour of being at Qie head of living Ameri- 
can novelists, much as Meredith and Hardy 
are prominent in England ; Georgs Washing- 
ton Cable (b. 1844), the author of “Old 
Creole Days Joel Chandler Harris (“ Uncle 
Remus ”) (b. 1848) ; Francis Marion Craw- 
ford (b. 1854), who, though bom in Itaty, and 
devoting his tidents to the description of Italian 
life, may be ranked as an Amenoan ; Hirold 
Frbderio (b. 1856 ; d. 1898) ; Gertrude 





Athbbton ; and Edith Wharton (b. 1862), 
whose “Valley of Decision** and “House of 
Muih** are among the best examples of the 
novel, while her tale “ The Descent of Man ** 
shows her to be one of the best of short story 
writers now living. 

Ciiticlam and Philoaophy. Of American 
essayists, critics, and philosophers, much might 
be written, especially of Benjamin Franklin 
(b. 1706 ; d. 1790) ; Washinoton Irving (b. 1783 ; 
d. 1859) : Ralph Waldo Emerson ; James 
Russell Lowell ; Oliver Wendell Holmes ; 
and Henry David Thoreau (b. 1817 ; d. 1862). 
Of more recent writers, in addition to W. D. 
Howells and Henry James, may bo cited 
Edward Everett Hale (b. 1822) ; Thomas 
Wentworth Hiqoinson (b. 1823) ; Charles 
Euot Norton (b. 1827) ; Wiluam James 
Rolfe (b. 1827) ; Wiluam Winter (b. 1836) ; 
Hamilton Wright Marie (b. 1846 ) ; and Agnes 
Repfuer (b. 1851). 

Science and Hlatory* In the world 
of science the name of the Swiss naturalist, 
Jean Louis Rudou'ue Agassiz (b. 1807 ; 
d. 1873), may be claimed as American. 
American historians of note include George 
Bancroft (b. 1800 ; d. 1891) ; John Lothrop 
Motley (b. 1814 ; d. 1877) ; Wiluam Hick- 
UNO Prescott (b. 1796 ; d 1859) ; and George 
Ticknor (b. 1791; d. 1871), whoso “History 
of Spanish Literature ’’ is one of the best works 
on that difficult subject. Some acquaintance 
with the works of every writer named is desirable 
in anyone who would bo considered “ well read.** 

ANCIENT CLASSICS 

Greek Literature. An excellent little 
primer on the “ History of Greek Literature ** 
IB that by Sir Richard Jebb (Macmillan. Is.). 
The study will be the more profitable if it 
is made supplementary to a study of the 
history of Greece, for which purpose we 
would commend W. Smith’s “ Student’s Manual 
of Greek History ” (Murray. 7 h. 6d.). One 
further point has to bo borne in mind, and 
that is the importance of a knowledge of 
mythology. This in itself is a wide subject, 
but some acquaintance with it is a primary 
essential for all who wish to understand the 
language of the classics, modern as well as 
ancient. There is a useful little handbook of 
mythology by Thomas Bullfinch (Routlcdgo. Is.). 

The student’s next conoem will lie with 
particular authors: Homer, the father of the 
epic ; Hesiod, poet of men as Homer was 
poet of the gods ; Theocritus, the writer of 
idylls ; Pindar, the lyric poi*t ; ASschylus, 
Sophocles, Euripides, the writers of tragedies ; 
Aristophanes, the writer of comedies ; Plato 
and Aristotle, the philosophers ; Xenophon, 
Phitarch, Thucydides, and Herodotus, the 
historians ; Demosthenes, the orator ; Lucian, 
the satirist ; and others. We know of no b<*tter 
oitroductions to the study of those masters than 
the “ Ancient CSassics for English Readers ” 
(Blackwood. 28 vote., 2 b. 6d. each). Of the 
“ Iliad ’* and the “ Odyssey*’ of Homer, Chap- 
man’s versions still maintain a general ex- 
eellenoe despite many rivals ; and one may 
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here commend Gladstone’s primer on Homer 
(Maomillan. Is.). For texts and translations of 
the other writers we must refer the student to 
the catalogues of Messrs. Frowde, Clay, Mac- 
millan, and Bell. 

Latin Literature. We know of no bettor 
introduction to the study of Latin litera- 
ture than the manual by Professor J. W. 
Maokail (Murray. 38. 6d.). But A. S. Wilkins’s 
little primer (Macmillan. Is.) and Smith’s 
“Student’s Romo** (Murray. 78. 6d.) will 
prove most helpful. To come to particular 
works : the philosophical poetry of Luoretius ; 
the lyrics of Catullus ; the orations of Cicero ; 
the* epio strains of Virgil ; the odes and satires 
of Horace ; the voluminous verse of Ovid ; the 
histories of Csssar, Livy, Tacitus, Sallust and 
Suetonius ; the satires of Porsius, Juvenal, and 
Apuleius ; the philosophical writings and plays 
of the younger Seneca ; the comedies of Plautus ; 
the natural history of the elder Pliny ; the 
epistles of the younger Pliny ; the epigrams of 
Martial ; the rhetoric of Quintilian ; the 
writings of Tertullian, the first of the Latin 
Fathers — ^those, one and all, may well claim 
patient study. Apart from the catalogues of 
the educational publishers already mentioned, 
J. E. B. Mayor’s “ Bibliographic Clue to Latin 
Literature ” will be found of material assistance 
to the student, whether the quest be a sound 
text or a competent translation. 

FOREIGN CLASSICS 

Italy. After a good grounding in the 
literature of Greece and Rome, the student will 
turn naturally to the literature of modern 
Italy, beginning with Dante, whoso “ Divine 
Comedy,’’ written at tlio opening of the four- 
teenth century, links the ancient with the modern 
world, and marks the beginning of what is 
called the Ronnissance. As a nucleus of this 
study, Richard Garnett’s “ History of Italian 
Literature ’* (Heinemann. Os.) and Lewis 
Einstein’s “ The Italian RenaisBanco in England ” 
(Macmillan) could not l>o improved upon, and 
much help through the tangled maze of an im- 
portant period of European development will be 
derived from the abstract of John Addington 
Symonds’s colossal history of “ The Renaissance 
in Italy,’’ written by AlfreiPearson (Smith, Elder. 
7H.6d.). One may trace the line of Italian literary 
development from Dante through the [lootry of 
Petrarch, Ariosto, Guarini, Tasso, Marini, Alficn, 
Monti, Manzoni, Leopardi, Metastasio, Carducci, 
and Rossetti ; the tales and novels of Boccaccio, 
Bandello, Manzoni, Gabriele d’Annunzio, Veiga, 
Fogazzaro, and Mathilda Scrao ; and the prose 
of Mochiavelli, Guicciardini, (Jostiglione, Ben- 
venuto Cellini, Bruno, Leopardi, Silvio Pellico, 
and Villari. 

France. French literature is, from a 
strictly literary standpoint, of the first import- 
ance. Gne can have no more reliable guide 
in this study than Professor Dowden’s hand- 
book (Heinemann. 6 b.) or Professor Saints- 
bury’fl “Short History of French Literature’’ 
(Clarendon Press. 10s. 6d.). Leaving “ the 
shores of old romance ’’ sacred to such works 
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aa the ** CSiMieoii de Boind ’* And the “ Ronum 
de la Rose,’* tre may biriefly indicate the vaal 
atorea of •Uteraijr wealth in the lann^iiage of 
our neareat nm^^boiifa by mentioirag the 
histories of Froissart, De Oominea, Thierry, 
Guizot, Thiers, Mkhelet, and de Tlroqneville : 
the ^try of Villon, Ronsard, Malherbe, La- 
fontaine, Boileau, AiuM Chenier, Lamarthie, 
B^caoger, Huno, Alfred de Musset, Leconte de 
Lisle, Baudelaire, Thh>phi]e Gautier, Sully 
Prudhonime, and Fran 9 oi 8 0opp6e ; the wit of 
Rabelais, Voltaire, la Rochefoucauld, Chamfort, 
Marot, and Montesquieu; the philosophy of 
Montaigne, Desoart^ l^yle (** Sten^al*’), 
Roussea^ Condillac and Condoroet ; the pktys 
of ComeiUe, Racine, Moli^re, Scarron, Ci^billon, 
Beaumarchais, Sardou, Hervieu and Maeterlinck; 
the thoughts of Pascal and Joubert ; the 
novels and tales of Marguerite de Valois, Le 
Sage, Voltaire, Hugo, Bourget, Balzac, Boisgobey, 
PrCvost, Dumas, Flaubert, Daudet, Zola, 
Merim^e, Maupassant, the brothers De Goncourt, 
Murger, Georges Sand, Eugene Sue, Erckmann- 
Chatrian, Jul^ Verne, Pierre Loti, Ren6 Bazin, 
and “ Gyp the letters of Mme. de S^vign^, 
Mme. de Stael, MUe. de Lespinasse, and De 
S^nancour ; the fables of Perrault and Lafon- 
taine ; the writings of Renan ; the sermons of 
Boasuet, F^nelon, and Massillon ; the oratory of 
Mirabeau ; the acute critical work of Sainte- 
Beuve, Boileau, Diderot, Taine, Faguet, Jusser- 
and, and Bruneti^re. To the reader with a 
knowledge of the French language we would 
commend Blaokie’s little French Classics,” 
in which the cream of the literature is reprinted 
and carefully annotated. 

Germany. German literature is another 
vitally important section of European letters. 
It has had a profound effect on Itoth English 
and American thought. It is rich in romance, 
poetry, history, philosophy religion, fiction, 
and works for the young. Tlie E^lish student 
is advised to begin his study of the subject 
with two works by Professor Charles H. Herford 
— Studies in the Literary Relations of Eng- 
land and Germany” (Cambridge University 
Press. 9s.) ; and ” A Short History of German 
Literature ” (Heinemann. fis.). First come 
the tales of the Nibelungs and the songs 
of the Mastersingers, which form such an 
important groundwork for modem German 
music, and especially the music of Richard 
Wagner. Next in importance from a chron- 
ological standpoint come the smtnons and 
other compositions in prose and verse of 
Luther, Zwingli, and their fellow reformers. 
From this standpoint may be followed the course 
of German philosophy in me writim of Leibnitz, 
Kant, Fichte, Sohelung, Hegel, R^bart, Scho- 
penhauer, Von Hartmann, and Nietzsche ; 
the evolutkm of poetry and the drama in the 
works of Kloptook, Lossing, Wielaad, Herdjor, 
Schiller, Goethe, Bfirger, Ktot, Kdmer, Arndt, 
Ruokert, Uhland, Hsine, Wagner, Kotzebue, 
De la Motte Fouqu^ Chamiseo, Sudenaum, 
Hauptmann ; the Aeologioal writings of Rein- 
hard, Sohleiermaolier, Neander, Strauss, Dollin- 
ger, Ritschl, Wrilhausen, and Haeckel ; the his- 
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torical studies of Oervinus, Ranke, Niehahr* 
Boeckh, and Mommaen ; the novris and tales 
of Goethe, Tieok, No^is, Hoffmann, Jean 
Paul Richter, Auerbach, Gustave Fnytag, 
Fritz Reuter, and GotUried Keller. The pl^^ 
logical and scientific writings of German origin 
are far too numerous even for the barest meatkni. 

Sfiala. The literature of Spain is the 
theme of a well-written monograph by 
J. Fitemaurioe Kelly (Heinemann. fis.) 
After consideration of the ^^Chronide of the 
Cid,” the oldest epic in a Romance languam, 
and the romances of diivdiy, sudi as met 
**Aniadis de Gaula,” the names that the English 
student can least afford to pass over are those of 
Montbmayor, Cervantes, Lope de Vega, Mendoza, 
Herrera, Calderon, Camoens, Gongora, Juan 
Vatora, and Palaoio Vald^. It is in particular 
with reference to the history of the drama that 
Spanish literature is worthy of study. ISiat 
its influence on English letters has been con- 
siderable may be gleaned from F. W. Chandler's 

The Picaresque Novel in Spain and J. G. 
Undarhiirs ” Spanish Literature in the England 
of Ihe Tudors ” (Macmillan). 

RuMla. Russian literature, as represented 
in the work of Gogol, Poushkin, Oneguin, 
Lermontoff, Dostoievsky, Turgenieff, Tolstoy, 
and Gorky, has exercised oonsiderabJe influence 
on European literature generally. Charles £. 
Turner's ” Russian Literature ” and ” Modem 
Russian Novelists ” and Waliszewsky's ” Russian 
Literature ” may be consulted. 

Scanidlnayla. Scandinavia ia also 
playing a great part in the formation of 
mo^rn literature. The dramas of Henrik 
Ibsen and the novels and plays of Bjornson 
Bjornstjeme represent Norway's contribution. 
Denmark can boast the powerful literary 
criticisms of George Braudes ; and Holland the 
penetrating novels of Maarten Maartens. 

WHAT TO READ 

BooKa that Must he Read. The 

student who has companied with us thus far 
is already acquainted with the books which we 
consider must be read by all who desire to have a 
substantial knowledge of English literature. 
Here we purpose offering no more than a few 
concluding hints. 

The obvious reply to the question, ** What are 
the books that must be read ? ” is, ” The Best 
Books.” But *'the best books” for one are 
not the best books ” for another. Remember 
” the personal equation ” of which we spoke at 
page 105. In the voice of many oounseflors 
thm is wisdom ; but this wisdom has to be 
distilled by the person who hopes to profit 
from it. 

This is but one of many reasons why we 
consider the lists of ** the best books ” that have 
been drawn up from time to time by well- 
known men are p^Uvely harmful if taken 
as of universal apidkaticm. At the same time 
it is quite obvious that, as Buskin once wrole, 
‘'a well-trained gentleman should know the 
literature of his own country and half a dozen 
dassios thorouf^y.” The rest may wait on 
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mclinatiolu We are at least on firm ground 
in saying tliat the study of literaturo for educa- 
tional purposes isjikely to be of the matest 
value if it is based on a knowledge of literary 
history. Hie course, then, which we advise 
the student to pursue is to acquire a good 

groundmg in general history, and then to 
study a goM handbook to literary history such 
as the liMturos of Frederick Schlegel (a transla- 
tion of which is to be found in “ Bolm*e Library 
or the “ Short History of (comparative Litera- 
ture,” by Fr6d4ric Loli^, already mentioned. 
Of the other literary histories which he will find 
Ku^estive, first place may be claimed for 
Taine’s “ History of English Literature ” (trans- 
lated bv H. Van Laun, and published by Ohatto 
& Windus in four volumes, at 2 b. net). 

The books in English that must be read bv 
everyone should include the Bible; Chaucer^s 
“ Canterbury Tales ; ” Spenser's “ Paiiry Queen 
the whole of Shakespeare ; Milton's Paradise 
Lost,” “ Comus,” and the shorter poems ; 
Bunyan's “Pilgrim's Progress Swift’s Gulli- 
ver’s Travels ; ” Defoe's “ Robinson Crusoe ” 
and “ Moll Flanders ; ” Goldsmith's “ Vicar of 
Wakefield” and his two comedies; Sheridan's 
})lays ; Byron's “ Childe Harold ; ” the greater 
part of Scott’s poems, Wordsworth, Keats, 
Bums, Gray, Tennyson, Browning and Swin- 
burne ; Lewes’s “ Histo^ of Philosophy ; ” 
(Jibbon's “ Decline and Fall of the Roman 
Empire;” Bacon’s New Atlantis,” “ Novum 
Organum,” and “ Essays ;” the Essays of Addison, 
Macaulay, Lamb ana Hazlitt ; (ireen’s “ Short 
History of England;” Carlyle’s “Past and 
Present ” and “ The French Revolution ; ” Mill's 
“ Political Economy Boswell's “Life of John- 
son;” the novels of Fielding, Scott, Kingsley, 
Thackeray, Dickens, George Eliot, several of 
Trollope, Meredith and Hardy ; and in foreign 
literature Homer, Plutarch, Virgil, Horace, 
Dante, Rabelais, Cervantes, Molidre, Montaigne, 
Goethe, Schiller, Voltaire, Hugo and Balzac. 

BooKa that May be Read. Here 
we pass to less certain ground, but we may 
( laim that throughout our studies considerable 
caro has been taken to specify, as their names 
have occurred, the works of many great writers 
wnich might be left entirely to the inclination 
of the general reader, though imperative 
to the student. For instance, wo would 
have every “ well-read ” man know all the 
lest plays of the Elizabethan dramatists, as 
these are to be found in the “ Mermaid Series ; ” 
but we are far from saying that this is not 
optional to the general reader, though it is 
imperative to the student. So with such 
classics as “ The Wealth of Nations ” and “ The 
Origin of Species.” The mst of Adam Smith’s 
phibsophy and of Darwin^s science is absorbed 
in one’s general reading ; by which w^c mean 
that both of these writers have so influenced 
their contemporaries and their successors that 
few intelligent people of the present day are 
ignorant of their teachii^, even thou^ they 
may not have read their works. This is no 


excuse for neglecting either ; but the man who 
has not read “ Hamlet ” or “ Paradise Lost,” 
let us say, has an unfurnished chamber in his 
mind, and this could not with equal force be 
charged against him who had not read The 
Wealth of Nations ” or “ The Origin of Species.” 
Beyond the minimum of “ Books that must 
be read,” which we have ventured to suggest 
above, the reader may bo left to rove at will 
among the treasures of our literature, applying 
such knowledge as we trust he has acquired 
in these studies. 

Books that Nood Not be Read. We 

have indicated above that we do not believe in 
any “ best hundred books.” A hundred books 
that have a universal appeal could not possibly 
be named by the most ingenious and 
omnivorous re^er that ever attempted the 
task. At least forty of Lord Avebury's hundred 
might be left unread, and there are not more 
than ten bpoks of Lord Acton’s hundred that any- 
one but a leisured and polyglot monk need 
trouble to open. Wo have already named many 
books which need not be read, and, what is 
more to the purpose, we have agreed u|)on certain 
methods of testing a book which should enable 
each of us for himself to decide what not to read. 
Few books are so bad as not to generate one new 
thought in the mind of the reader ; but so long as 
wo can turn in a moment to any work which tho 
verdict of time has placed among the great books 
of the world, we must not palter with tho “un- 
plactKi” modern writer, unless wo have for 
ourselves discovered that ho has something to 
tell us for which we are thc» bc^ttor, or which 
wo want to know. Above all, while wc have 
tasti»8 in certain directions, lot us dovoloj) 
these. Thus, if we delight in history, do not 
let us waste one moment with Maine’s “ Anciimt 
Law ” merely because Lord Acton thought that 
one of the hundred best books. Let us got 
through with Gibbon — a glorious task — although 
Lord Acton found no place for “ ’J'he J)ecJino 
and Fall ” in his amazing list. Finally, in 
history and science no book nwd isi read whose 
author is known to be untrustworthy ; in philo- 
sophy none that has not lanm acccjitcd by tlui 
mass of thinkers ; in religion, none whose author 
has not lieen noted for sincerity, and who could 
not have said with Whitman : 

“ Camerado. this is no book, 

Who touches this touches a man ; ’ 

in biography, no book that is not tho work of a 
writer noted for his care no less than his sym- 
pathy and literary grace ; in jsictry, none that 
has not touched the heart of a generation, or 
awakened the enthusiasm of the most cultur^ ; 
in fiction, nothing that is not in the estimation 
of honest criticism informed with real character, 
fidelity to life, and charm of stvle, no matter 
how widely it may have been sold or is selling. 
All such exclude^ there will still remain a 
sufficient number of great and enduring works 
of literature to occupy the most insatiable 
reader throughout a fairly long life t 
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By Fnmceaco de Feo 


PERSONAL PRONOUNS— continued 

ConjuactlTa Forma. The forms me^ a 
me, <e, a te, not, a not, etc., are osed when 
empha^ is laid on the pronouns; but when 
the pronoun is of secondary importanoe in the 
sentenoe, which is nearly always the case, the 
following forms must be used : 
mi for me, « me, ate, to me 
ti „ te, « te, tkee, to thee 
ci ,, noi, o not, us, to us 
vi „ voi, o wi, you, to you 
si „ s^, <a si, himself, to himself, etc. 

„ a lui, a esso, to him (to it) 
le „ a lei, a essa, to her (to it) 
ioro „ a hro, to them 

10 „ lui, esso, him (it) 

la ^ hi, essa, her (it) 

11 „ loro, essi, them 

le ^ loro, esse, them 

The student i^ould here observe the forms : 
w€ (some, any) = of him, of it, from it, etc. 
ci, vi (there) = in it, in them, etc. 

Note. The forms mi, ti, tn, h, la may be 
\iTitten m\ t\ v’ V, V before any vowel ; ci may 
be written c’ only before e and i. The above 
forms of pronoun are, as a rule, placed before 
the verb, except loro, which is renerally jdaoed 
after it. In compound tenses they precede the 
auxiliary, and in negative sentences they are 
pUoed t^tween the negative and the verb. 
Exceptions to this rule will be given below. 

Examples ; 

1. lo ti vedo, 1 see thee. 

2. lo ti parh, I speak to thee. 

3. V'inviterd, 1 shall invite you. 

4. Vi dard, I'will give (to) you. 

5. Ci mostrdrono, Qiey showed (to) us. 

6. (T non c’ i, there is, there is not. 

7. Ne ho gran rispeUo, I have a great respect 
for him. 

8. U sbvele oomprau) ? Have you bought it 7 

8l Li avete vendtUi ? Have you sold them 7 

10. Non k ahbiamo vedsdt. We have not seen 
them. 

11. Bo warhdo iom, I have (t^oken to them. 

12. <3U ho parkUo, I have spoken to him. 

Notb. <38* may he used also for lom : Bli 

hanmo defo urn hnon eoimpio. They have set him 
(or them) a good example. 

Observe from the alrove examBtes (6, 9, 10) 
that the poet paitioij^e agroee wSbh tl^ object 
when the olrieet is piaoed iMsforo the verb. A 
past partioipls thatpreosdes the object is invari- 
able. Example: AvHs spedUo le lettered Si, 
le ho spedite. 


Exsboise XXV. 

1. Li incontieremo. 2. Ci daranno. 3. Gli 
mandhrono. 4. Che oosa {tshat) vi ha detto 7 

5. C!!he cosa gli avete risposto 7 6. Dove sono 
i fiori che abbiamo raooolti 7 7. li ho messi 
neiraoqua. 8. A][mena {as soon as) lo vedr6, gli 
i^lerd di te. 9. L*ho veduto dalla finestra e 
rho chiamato ad alta voce due vc^te, ma non 
mi ha sentito. 10. La Maria ci dkse che sarebbe 
andata in Italia quest’anno. 11. Essi hanno 
comprato un mi^ochio di Hhri ; li hanito letti o 
riletti, ma son sionro che non ne hanno capito 
mente. 

Exicnciss XXVI. 

1. Quanto {how much) avete pagato codesti 
guanti 7 2. li ho pagati un po' caro, ma sono 
di una qualitk eooellente. 8. liavctetrovatiin 
c%sn 7 4. Lei si, ma non lui. 5. Quando mi 
darete quelle che m’avete tante volte promesso 7 

6. 8e mi date dei giocittoli io sand buono. 7. 
Avete pih carta da lettere 7 Voglio (/ wish) 
scrivere al mio libraio che mi mandi 1 libri ohe gli 
ho ordmati. 8. Mi dispiaoe (/ am sorry), non 
ne ho piiii ; vi ho dato tntta la carta mi 
restava. 9. Non fa niente, gli scriver6 pid 
tardi. 

VERBS— continued 

Secoad Confugatkm. Infinitive in ire 
(bng) or Pre (short). Examples: temire, to 
fear ; cridere, to believe. We shall here give 
the full conjugation of the verb credere only, 
as a model for the verbs of the second con- 
jugation, since the only difference oonsistB in 
the length of the infinitive. 1%is difference, 
however, is very important, and care riiould 
be taken to disirnguish w'hetW the accent falls 
on the penultimate (on the termination) or on 
the antepenuUimate (on the stem). Those who 
know Latin will notioe that some verbs have 
displaced their accent in passing iram one 
ian^puige into the other. Example : Latin 
cackre, Italian cadere (to fall). We shall here 
sXwnye indicate where accent falls. 

Credere, to believe 
Indicative Mood 
Present 

I believe, etc. ' We believe, etc. 

credo crediamo 

credi credete 

erede cridoao 

Past Indefinite 

1 have believed, etc. We have believed, etc. 
ho creinto odhtemo eredvto 

had ereduto avete credwto 

ha ereduto hanno credvto 







I beUeral, 
ertdevo 
creievi 
credeva 


Iwptrftxd 

W» beUefvd, 0 IO. 

credevamo 

credevcUe 

crtddmno 


COKDmONAli 1IIoo» 
Pftwni 


First Fluperlect 

I had bdieved, eftc. We had believed, etc. 

avevo credvto avevamo creduto 

avevi creduto avevate credtOo 

aveva creduto avevano creduto 

Poet Definite 

I believed, etc. We believed, etc. 

credHf -etti credemmq 

credesti credesfe 

credit -ette credirono, •ittero 

Second Pluperfect 

I had believed, etc. We had believed, etc. 
Mi creduto avemmo creduto 

avesti creduto aveste creduto 

Me creduto Mero creduto 

Future 

1 shall believe, etc. We shall believe, eto. 
crederd crederemo 

crederai crederete 

crederd crederanno 

Future Perfect 

I shall have believed, We shall have believed. 


etc. 

etc. 

avrd creduto 

avremo creduto 

avrai creduto 

avrete creduto 

awd creduto 

avronno creduto 


Imfehativb Mood 


Present 

Believe, etc. 

Let us believe, etc. 

— 

crediamo 

credi 

credete 

creda 

cridano 


Subjunctive Mood 
Present 

That I believe, etc. That we believe, etc. 
creda crediamo 

credo crediate 

creda credano 

Perfect 

That I have believed, That we have belie 


etc. 

etc. 

abbia creduto 

abbiamo creduto 

abbia creduto 

ahbiate creduto 

Mia creduto 

dddnano creduto. 


Imperfect 

1£ 1 believed, ete. 

If we believed, eto. 

ersdessi 

credessimo 

credessi 

credede 

credesae 

credlssero 


Pluperfect 

U I had believed, 

etc. If we had believed, t 

MMf ereimio 

ttvissimo creduto 

auessi creduto 

mute creduto 

uvtsse creduto 

avissero criduto 


I should believe, eto. 
crederei 
crederesti 
crederMe 


We should believe, eto. 
crederemmo 
credereste 
crederMero 


Perfect 

I should have believed. We should have bo- 

etc. lievod, eto. 

avrei creduto avrenmo creduto 

avreMi creduto avreste creduto 

avrehbe creduto avrMero creduto 

Infinitive Mood 
Present 

credere^ to believe. 

Perfect 

avh creduto, to have believed. 

Oerund 

Present — credendo, believing 

Perfect — avendo creduto, having believed 

Participle 

Present — credente, believing 

Perfect --creduto, -a, •», -e, believed 

Exercise XXVII. 

1. Riceveremo. 2. A vote* bevuto ? 3. So 

noi perd^^HMimo. 4. Tem^vano, 5. Non nvr6b- 
Ihto creduto. b. Avreste vonduto ? 7. Ven- 
deremrao. 8. Vendemmo. 9. Ha(egli) ricevuto ? 
10. lo non ho aneora ricevuto, ma rioovoro. 11. 
EgU e sempre senza danaro, eppure ne rioeve 
sempro. 12. Quanto erodete cho ogli ikbbia 
ricevuto ultimamente ? 13. Ricevetiecinquanta 
lire la settiiuana scorsa, ma ne rioevoril 
altrettante dornani. 14. Vendemmo il nostro 
giardino e venderemo pure la easa. 15. Non 
posso erMere eh’egli non iibbia ricevuto il 
nostro invito. 16. Andiamo, se no perderemo 
il nostro tempo inuiilmente. 17. Se non stiamo 
attenli, ho jiaura chc* pereJen^mo queilo ch(' 
(what) abbiamo gia guadagnato. 18. l^e foglio 
ineommeiano a eadere. 19. Quei valorosi com- 
batterono tutti Hno alia mortc. 

Third Conjugation. Infinitive in -ire. 
The verbs of the third eonjiigHtion may b<5 
divided into three claMseb : 

1. Verbs in which thi* terminations iirc added 
directly to the stem in all U^nw's, as ; Dcstirc, to 
dr<t4H ; jMirtirf, to start. |S(*<* jiagc .3210.] 
The verbs belonging to this cliiss arc very few. 

2. Verbs which, in the singular and in the 
third person plural of the present of the indica- 
tive, imperative, and subjunctive, insert the 
syllable isc between the stem and the termina- 
tions, as : copire, to understand ; present indica- 
tive, cap-isc-o. 

3. Verbs which can lie conjugated either with 
or without the addition of the syllable isc, as : 
nutrire, to feed ; present indicative, nutro and 
mdrisco. 
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Vestlre« to dress 
Indicative Mood 


I dress, etc. 

Present 

We dress, etc. 

veato 

vediemo 

vedi 

veatite 

veate 

vtatono 

I have dressed 

Pad Indefinite 

, etc. We have dressed, etc. 

ho vedito 

abhiamo vedito 

hai vedito 

avete veatito 

ha vedito 

hanno vedito 

I dressed, etc. 

Imperfect 

We dressed, etc. 

vedivo 

vedivamo 

vedivi 

vedivate 

vediva 

vedivano 

I had dressed, 

First Pluperfect 

etc We had dressed, etc. 

avevo veatito 

avevamo vedito 

avevi vedito 

aveiate vedito 

aveva vestito 

avevano vedito 

I dressed, etc. 

Pad Definite 

We dressed, etc. 

vedii 

vestimmo 

vedidi 

vediste 

vedi 

vedirono 

Second Pluperfect 

I had dressed, etc. We had dressed, etc. 

dibi vestito 

avemmo vestito 

avesti vestito 

avede vestito 

Me vestito 

Mcro vedito 

Future 

I shall dress, etc. We shall dress, etc. 

vedird 

vediremo 

vedirai 

vedireie 

vedird 

vediranno 

Future Perfect 

I shall have dressed. We shall have dressed. 

etc. 

etc. 

avrd vedito 

avremo veatito 

avrai vedito 

avrete vedito 

avrd veatito 

avranno vedito 

Imcehativk Mood 

Dress, etc. 

Present 

Let us dress, etc. 

— 

vediamo 

vedi 

vedite 

veata 

vestano 

SrB.iuNrTivE Mood 

Present 

That I dress, etc. That we dress, etc. 

veata 

i^diamo 

vesta 

tfediate 

veata 

vedano 

Perfect 

That I have dressed. That we have dressed," 

etc. 

etc. 

dbbia vedito 

abbiamt) vedito 

dbbia vedito 

abbiotc vedito 

dbbiaveatito 

Miano vedito 
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If I dressed, etc. 
ve«tim 
veMiasi 
veatisec 


Imperfect 

If we dressed, etc. 
veetUaimo 
vealieU 
vestiaaero 


Pluperfect 


If I had dressed, etc. 
aveaai veatUo 
aveaai veatito 
aveaae veatito 


If we had dressed, etc. 
av^aimo vedUo 
aveate veatito 
avhaero veatito 


Conditional Mood 


Present 

I should dress, etc. We should dress, etc. 

veatirei veatiremmo 

veatireati veatireate 

veatirehbe veatiribhero 


Perfect 


I should have dressed, 
etc. 

avrei veatito 
avreati veatito 
avrehhe vestito 


We should have 
dressed, etc. 
avremmo veatito 
aureate veatito 
avr^hhero veatito 


Infinitive Mood 
Present 

vestire, to dress 
Perfect 

avh veatito^ to have dressed 
Oerund 

Present — vedendo, dressing 

Perfect — avendo vestito^ having dressed 

Participle 

PreaeiU — vestente, -f, dressing 
Perfect — vestito ^ -o, -f, -e, dressed 


Exercise XXVIIT. 

1. Partiremo. 2. Se fossimo partiti. 3. Non 
aprite. 4. Sentite. 5. Se avdssero seguito. 6. 
Soffrirebbero. 7. Quella povera donna soffri 
tanto quando il hgliuolo parti. 8. Se i bottegai 
n servlssero male avremmo ragione di andare a 
sp^ndere altrove. 9. Aprite la finestra, fa troppo 
caldo. 10. Partirei domani se avessi finite i 
miei aftari. 11. Questi fanciulli ddrmono troppo. 
12. Appena videro il perlcolo fugglrono tutti e lo 
lasei^rono solo. 13. Quante volte li abbiamo 
uditi dire che erano stanchi di studiare ! 14. 

Venite con me. 15. Fuggite la compagnia dei 
cattivi, e seguite Tes^mpio dei buoni. 

Key to Exercise XXIIT. 

1. We have worked more than you. 2. The 
letter has been written hy me and not by him. 

3. If you accompany me, I will accompany you. 

4. They always think quit^ the contrary of what 
they say. 5. They think they are behaving 
well, and instead they are benaving very ill. 
6. We never have anything ; they keep all for 
themselves. 7. She is very kind, but not he. 
8. When we have been in need, they have always 
done much for us. 9. Thou thinkest always 
of thyself, and never thinkest of others. 10. 
A gentleman has asked for yon. 



Kirr TO ISmicssa XXIV. lei divme voAto. mm «« non hum muriepoBto 

i. Dfm andattel Se wipettiite wodma mn aHe mmMto IMere. 6. ha Totfta qud Taso ? 
pooo verrd con voi. 2. Siete venuto m temfa 7. la oaeoato da 8. A avc^ oonae- 
mm iMpiawana aiyKt odli aoi. X CMcnramo gnaitoilpaoiK), ahiioalei? 9. Amemnodei^e, 
eheioMehii, non In. 4. Biaogwmhbe kofmthTe peroh^^sai non drano in oasa. 10. Nonaooapiio 
a far tutto da s^. 5. Abbmmo mtloai a hu chea pereh6 hbbia latto a me ma tale propoata. 

CotUinued 
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Ooiithiii«d from 
im«r M45 
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V£ltBS — oontinued 
Finlr« to fiziish 

Seoottd Cmmtufgm/Umm. PnzKoiPaL Parts : 
Ffmr, findssamt^ fim, je finis^ fe 

IVDICATIVB 

Simple Tenses Compound Tenses 

Preaent PaM J^Aefiniie 


I finish, am finishing, etc. 

je finis 

tu finis 

iU die finit 

nom fijniesons 

vous finissez 

ds, dies fimissent 

Imperfect 

I was finishing, used to 

finish, etc. 
je finisaais 
in finisaais 
iL, die finissait 
nous {missions 
vous finissiez 
ils^ dies finissaient 

Pad Definite 

I finished, etc. 
je finis 
tu finis 
iU die fmU 
nous finimes 
vous finJUes 
Us, eUes finirent 

Futuve 

I shall finish, eto. 

je findrai 
tu fimrsts 
il, dk fimim 
nous finirons 
volts finirez 
Us, eiUs finironl 


I have finished, eto. 
fai fini 
tu as fini 
il, die a fini 
nous avons fini 
vous auez fini 
Us, dies cmt fini 

Pluperfect 
I had finished, etc. 

j^avais fini 
tu avais fini 
il, eUe avail fini 
nous avions fini 
vous aviez fini 
Us, dies avaienl fini 

Past Anterior 

I had finished, etc. 
feus fini 
tu BUS fini 
U, die eut fini 
rums eHmes fini. 
vous elites fi/ni 
Us, dies eurent fini 

Future Anterior 
1 shall have finished, 
etc. 

faurai fini 
tu auras find 
il, eUe aura find 
nous aurons fini 
vmis aurez fini 
Us, elles auront fim 


Conditional 

Pnesedt Past 

I would finish, etc. I would have finished, 
etc. 

je fimrais faurais fini 

tn fimrais tu aurais firn 

U, eRe fimrail U, eUe aurait find 

now finirions nous aurions fim 

mus fimriez vents auriez fini 

Us, dies fimmnent Us, dies aurment fini 


Imperative 

Present 

finis, finish (thou) 

quHl finisse, let him finish 

qu'dle finises, let her finish 

finissons, let us finish 

finissez, finish (ve) 

quails finisaent, let them (m.) finish 

qu'eUes finissent, let thorn (f.) finish 

Subjunctive 

Present Past 

That I may finish, That I may have 

ete. finished, eto. 

que je finisse que fate fini 

que tu finisses que tu aies fini 

qu'il, gu' die finisse qu'U, qudle ait fini 

que nous finissiona que nous ayons fini 

que vous findsekz que vous a/yez fini 

qu'ils, qu'dles fi/nissent qudls, qu'Mes aicn^ fini 

Imperfect Pluperfect 

That 1 might finish. That t might have 

etc. finished, etc. 

que je finisse que feiisse fini 

que tu finisses que tu eusses fini 

quil, qu'dle finU qu"il, qu'elle eM find 
que nous finissions que nous eussions fini 

que vous finissiez que vous eussiez fini 

quhls, qu elles finissenl quHls, qv' elles eussent fini 

Infinitive 
Present 
finir, to finish 
Past 

aroir fini, to have fmished 

Participle 

Present 

finissant, finishing 
Past 

fmi, -c, finished 

aijarU fini, having finished 

Remarks. The negative, the iriteiiogative, 
and the negative-interrogative forms Iwvng Iho 
same for all conjngations, jt is not iiecessary 
to repeat them. 

It IS to be noted that all regular verbs of the 
second conjugation have the ^dftional syllable 
iss in the present participle and in all the parts 
formed from it. 

The verb henir, to bless, has two forms of the 
pj^ participle: heni, heme and hSnit, bMte. 
Ihe latter m these is applied exclusively to 
that which is blessed or consecrated hy a 
rdigtous ceremony. 


mi 






The verb fleurir, to bloBsom and to flourish, 
has two forms of the present participle, and 
of the imperfect indicative, which is formed 
from it: jleuriseant, iUmissaia and flor%$satU^ 
floriMais, The second of these forms is used 
exclusively in the sense of to flourish, meaning 
to be prosperous. 

The vero hair, to hate, drops the dissresis in 
the three persons singular of the present in- 
dicative: ;e hais, tu mis, il hait; and in the 
second person singular of the imperative: 
hats. It is the only verb that does not take a 
circumflex accent in the first and second persons 
plural of the past definite and the third singular 
of the imperfect subjunctive : nous hatmes, 
vous haUes, quHl hait 

Exercise XXVI. 

1. When I was a child I was very bashful 
(honteux) ; I used to blush (rougfir) up to the 
(jusqu'aux) eyes when anyone spoke to me 

2. The earth is never ungrateful (ingrat) ; 
it feeds (nourrir) with (de) its fruits all those who 
cultivate it. 

3. It is not age, it is grief (U chagrin) that has 
made his hair white (hlanchir). 

4. If you do not choose (choisir) a good spot 
(un endroit) to lay (Hahlir) the foundation (hs 
fondations) of the house, you will be obliged to 
pull it down (demolir). 

5. The shame of that action refiects (reflechir) 
on all those who have participated (participer d) 
in it. 

6. Amongst the trees, almond-trees (amandier) 
blossom (the) first, and medlars {neflter) last. 

7. After so many calamities (catamite) it is* 
astonishing (etonnant) that this country should 
be (pres, subj.) so flourishing to-day. 

8. The arms which have been blessed by (par) 
the Church are not always blessed by (de) 
heaven on the battlefield. 

0. There are men by (of) whom it is glorious 
to be hated. 

10. We (one) do not always hate those 
whom we render unhappy. 

11. Good books cure (guerir) the diseases 
(la maJtadie) of the mind (esprit, m ). 

12. A free (Itbre) people (people) obeys 
(cbHr), but it doeft not serve (sert). 


Key to Exeboisb XXV. 

1. Plus il avan^ait en &ge, plus il avan 9 ait 
en sagesse. 

2. LA manidre dont les Remains pronon 9 aient 
le latin 4tait tr^ difl^rente de oelle dont nous 
le pronon^ons aujourd*hui. 

3. II partagea sa fortune entre ses trois enfants. 

4. Selon un proverbe fran^ais, Tapp^tit vient 
en mangeant. 

6. Il impelle sur son bienfaiteur les bene- 
dictions du ciel. 

6. On dit d*'un homme qui dissipe sa fortune, 
quHl jette son argent par la fenetre. 

7. Cette lettre nous annonce une bonne 
nouvelle. 

8. La le^on commence k la page soixante-dix. 

9. Envoyez cette pendule chez Thorloger 
pour qu’il rarrange. 

10. Je sagerais volontiers* cent francs que ce 
n'est pas mi qui remportera le prix. 

11. En mil six cent soixante, Charles II. 
fut rappeie au trone. 

12. Ce poisson est trop petit ; rejetez-le dans 
Teau. 

13. Quand les pecheurs seront en pleine mer, 
ils jetteront leurs filets. 

14. C^ux qui emploient mal leur temps sont 
les premiers k se plaindre de sa brievete. 

15. La lumiere emploie de sept k huit minutes 
k nous venir du soleil. 

16. Nous pardonnons sou vent k ceux qui 
nous ennuient ; mais nous pardonnons rarement 
k ceux que nous ennuyons. 

17. Nous avons achet4 la victoire au prix de 
nos meilleurs soldats. 

18. Ce qu*on achate en detail est plus cher 
que ce qu’on achdte en gros. 

19. Il a gel6 toute la nuit; s’il gdle encore 
demain, nous pourrons peut-etre patiner samedi. 

20. Dieu a tire le ciel et la terre du n^ant ; il 
les a cr64s par sa parole. 

21. Agr6ez, Monsieur, mes salutations res- 
pectueuses — formule qu’on emploie souvent 
en terminant une lettre. 

22. On est quelquofois oblige de c^der aux 
circonstances. 

23. Ce n’est pas lui qui poss^de sa fortune, 
e’est sa fortune qui le possdde. 

24. Tout chemin m^ne k Rome, dit le proverbe. 


Continued 


GERMAN By P. G. Konody and Dr. Osten 


VERBS — continued 

LXXVI. Copulative Verba. The verbs 
fein, uierbm, bteibtn (to remain), l^t^en (to call, 
name), febeinett (to seem, appear), bunfen (to seem, 
appear) form the connecting link between two 
nominativos^that of the subject, and that of the 
complement: CIr (nominative) ifl, tuirb, bUibt, 
bunft (mit) cin fBrtrfider (nominative), he is, 
is getting, remains, seems (to be) a cheat 

LXXVII. As in the case of the copu- 
lative verbs several verbs may be connected 
wiUi two accusatives, that of the object and 
that of the noun in apposition with it Such 
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verbs are: to call; vicifen, to 

praise; fi^elten, to scold; f<bimbfett, to abuse; 
taufen, to name ; nmnen, to name. SRan 
(accusative) einen ^Iben (accusative). They call^ 
him a hero; er nannte i^n etnen iBetl&umbet, He 
called him a slanderer, flfiibmrtt and btetfrn are 
often used with the conjunction al6 (in the 
capacity of): !Dct iLiteftor rfibntte, vties (accu- 
sative) a(s (conjunction) einen vfr(4$(i(heu ^ramten 
(accusative). The directmr praisM him as a 
reliable employee. When brought into the 
passive voice, Uie two accusatives are changed 
mto nominatives: (nominative) wnrbr tin 



(iioiiuiiati7e) ; er iDittbe cm SBcrtiumbf t 

aenannt ; er trurbe ^pm ^treftcr aU etn pert&f^lidter 
vramter 

LXXVin. VerlM Goveraliic the 
Accueatlve and Infinitive : fc^cn, to 
see ; l^oten, to hear ; to feel ; finbcn, to 

find ; lenten, to teach ; (afTett, to let ; mac^cn, 
to make ; ]^ct$en« to command, etc. fa^ il)tt 
(acousative) fafint (infinitive), I saw him fall ; 

bad 9)?abd^cn ftit^en, I heard the girl 
sing ; 3^ ful(i(te mein ^tvn fio^^fen, I felt my 
heart beat; 3cl^ fanb il^n aut audfel^en, I found 
him looking well, etc. If the dependent infini- 
tive is a copulative verb, the two obligatory 
nominatives JjBee LXXVI.] are changed into 
accusatives, llius, if (affen stands with the infini- 
tive of the copulative verb fein, the subject of the 
latter and the following noun are ohang^ into the 
accusative: ($r ben SufaH (accusative) feinen 
i^u^ver (accusative) fein, He lets chance be his guide. 
I^ntences with a proper object in the accusative 
(that is to say with transitive verbs) naturally 
have two accusatives — one of the object de- 
pendent on the governing transitive verb, and 
one of the object dependent on the infinitive. 
The sentence: fab, trie ber SHcqel (subject 

nominative) feine (object acousative) and; 

breltetr, I saw how the bird spread his wings, 
is changed into: (accusative) 

feine Sluget (accusative) audbreiten (infinitive), 
I saw the bird spread its wings. 3(b b^de, mte 
ber .itunfiler ein i^teb fang, I heard how tne artist 
sang a song; and: 3 ^ b^rte ben .(l^fmflter ein Ifieb 
ftngen, I heard the artist sing a song. 

LXXIX. Diaplacemeat of the Verb 
in Independent Sentencee, If an inde- 
pendent sentence is introduced by an adverb or 
an adverbial noun, the verb has to precede the 
subject, and has to occupy the same position as 
in tne independent question: 3cb bin bi« (adverb 
of place), and: bin icb. gibt feine 'h^irfung 

obn« Utfadbe, There is no effect without cause, 
and: Dbne Uvfad^e gibt es Feine Sirfuug 

LXXX. Verbs with Accusative and 
Genitive. Many verbs with an ** object of the 
person” (transitives and reflectives) require a 
complement “of matter” in the genitive. Ex- 
ample : entbeben, to exempt from, to dismiss from ; 
(^t entb^b ibtt (personal object) feiner 'Hervfftcbtnng 
(genitive). He released him from his obligation. 
Verbs requiring such complementary genitives 
are : anflagrn, befd^ulbigm, bej^icbtigrti, ^eibrn, to 
accuse ; fibetfiibrfn, to convict ; enibinben, cntlfbigen, 
to release from, to deliver ; cnfflfiben, to divest ; 
erinnern, to remind ; frei'fvrcdjcn, to acquit ; vci 
ftdbcm, to assure, etc. : (Mcftbipcrmcn fpraebrn 

ben 9ln'gff(agte (accusative) betf SBerbrc(b<ns (geni- 
tive) frei. Tile jury acquitted the defendant [of 
the crime] ; Sln'Kagcr beftbulbigtr ibn (accusa- 
tive) btr f^redUdfnt Xat (genitive), The prosecutor 
accused him of the monstrous deed ; e ntbuiPf 
bi<b beinm ®cvfpr«(btn«, I release 3 rou from your 
promise. 

The following reflective verbs require also the 
genitive of matter with the accusative of the 
person: (fl<b ^tner ®a<be) anttebmen, to interwt 
oneself in ... ; bebirnm, to help oneself; bfmacb- 


H^rn, to seiae ; eittjtniieR, to remember ; fveueu, to 
rejoioe in; nibmen, to glory in; fdf&mtn, to be 
ashamed of; rtbarmen, to take pity on, etc.: 
3db nabm midb (accusative) ftiner (genitive) on (se- 
parable prefix), I took interest in him; 3)tt bf^ 
bienlefl bid) tneinea dinfluffeo, You made use of my 
influenoe; !X>er grlnb brm&ibtigtf (t(b bev Seflung, 
The enemy seized the fortress ; 9lUt entjtnncu tm 
be# Sftemben, We remember the stranger ; freut 
rueb be# i^ebeu#, You rejoioe in life ; fic rubmen fid) 
ibvev lot. They glory in their deed. 

LXXXl. Interjectionn. These woi'd.s 
are outside the syntactic structure of the sen- 
tence, and therefore do not generally govern 
other nouns, though they may require depen- 
dent oases or certain prepositions, such as ciuf. 
nbft (on) : iPhii «bfr (4) bid> I Shame on you ! 
@(b«^nbe auf (4) tbn I Di^raoo on him ! Depen- 
dent clauses can also be added to interf^tions : 

febdme bicb, ba$ bu fe tttnvabr bifil Fie! Be 
ashamed to be so untruthful ! 

LXXXII. Omlaaion and Diaplace- 
ment of the Auxiliary Verb. To achieve 
increased vivacity and force, the finite auxiliary 
verb may sometimes be dropped from the end 
of a subordinate clause: aiJiv befiiegcu, nad)bem tint 
ba# i&au# perlaficn [batten], ben ^itagen, We got into 
the carriage after having left the house ; T^er 
Diubter fiel ibm, bftun* er geenbet IbatteJ, in# Uilcrr, 
The judge interrupted him before ho had finished. 

1. Omissions of finite auxiliary verbs occur 
frequently for the sake of euphony, to avoid the 
clashing of forms sounded alik^: J)ev 'Brief, ber 
gefierii friib abgegangcn |ifl|, ift erfi brute '^benb# 
euigelangt, The lctt(*r which was despatched 
yesterday morning, has only amved to-night; 
bet SJlann, bev e# end> (\e)agt | bat |, bat fid) mit end) 
einen ^cbetj^ gemaebt. The man who told you of 
it has made fun of you. 

2. The displacement of the auxiliary verb 
irerben occurs when tlie same forms would 
follow each other dire(*tly; for instance, in: 
i>cb beffe, bab ber junge aWann unb ba# aWabeben eui 
gliwflKbe# '|laai werben ireiben, J hope that 
the young man and tlic girl will become* a hapfiy 
couple; one of the two „n'frben" must be dis- 
placed, HO that the scnUmec would read : ,^(b boffe, 
ba^ ber junge ai/ann unb ba# aih'ibd)eit rverbeti etn 
gtutflidie# '|laai irciben. Sometim<*H an adverb is 
repeated for similar reasons: (Sobalb bie Ariicbte 
reif werben irerben, U'crbcn irir fie abnebmen, As soon 
as the fruit becomes ri|)c, we shall gather it, is 
changed into: St’balb bie JVrncbte U’erbcii rcif uvibcn, 
fobalb (repeated) irerbcn nut fie abnebmen. 

LXXXIII. Elliptic Sratencea. Force, 
vivacity, and conciseness arc sfimetimes brought 
about in German by the omission of the predi- 
cate, if the meaning of the* curtailed sentence is 
not impaired by this proci^eding, or if the 
missing words ran easily be understood: ['8eij 
aiUlifcmmen! Be welcome! Seb^r (femmt 3bii 
be# afiegf#? Whence do you come? .fteiiie 
tHafe [glbt c# or ifij cb”* Dcrnett, There is 
no rose without thorns. This elliptic form 
fre<|uently occurs in proverbs and proverbial 
sayings. 
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LXXXIV. Tenses In Dependent 

Clauses. In German the rulee which govern 
the tensee in principal sentences and dependent 
clauses are not very strict. If the principal 
sentence contains a verb in the present, perfect, 
or future, any of the six tenses may at times be. 
employed in the dependent clause. But it is 
safest to make the tense of the dependent clause 
agree with that of the principal sentence, 
especially if the verb of the dependent clause 
is m the subjunctive mood. 

EXAMINATION PAPER XX. 

1. What are copulative verbs, and which verbs 
belong to this group ? 

2. If the complement used with a copulative 
verb is a substantive, in what case must it 
stand ? 

3. What verbs are used with two accusatives, 
and into which case are these accusatives 
changed, if the sentence is transposed into 
the passive voice ? 

4. Which verbs govern the accusative with the 
infinitive ? 


5. What is the result, if this infinitive is a 
copulative verb ? 

6. How many accusatives are under these 
circumstances used with the transitive verb ? 

7. In what manner are the words displaced if 
an independent sentence is introduced by 
an adverb or an adverbial noun ? 

8. Which verbs re<piire a complementary geni> 
tive with the object of the person ? 

9. Which prepositions are required by certain 
interjections ? 

10. For what reason are the finite verbs some- 
times omitted, and which class of verb can 
thus be dropped 7 

11. When is it necessary to displace an auxiliary 
verb, and which auxiliary verb is subject 
to this displacement 7 

12. What omissions occur in elliptic sentences, 
and when is such a curtailment admissible 7 

13. Is it necessary to make the tense of the 
dependent clause agree with that of the 
principal sentence 7 

14. Under what circumstances is it preferable 
to make them agree ? 


CONVERSATIONAL EXERCISES 


III. In the Street 


Which is my best way to King Street ? 

Straight on to the church, and then the fourth 
turning on the right. 

Thank you very much. 

Would you kindly tell me whore the cathedral is 7 
At the end of tlie next turning on the left. 

How far is it to the Zoological Gardens 7 
Scarcely five minutes. 

Oh, it is very far from here. 

Is there any ’bus or tram going there 7 
Oh yes, you can got there oy ’bus. 

Which is the High Street, please 7 
The long street opposite the church. 

Would you kindly tell me where there is a 
tobacconist 7 

How do I get to the Rome Hotel, please 7 
Round the comer, and then the second on the right. 
I want to go to the museum ; which is the 
shortest way ? 

Could you tell me the time 7 
Half-past five. 

May 1 trouble you for a light 7 

IV. In 

Do you keep picture postcards 7 
Here, if you please. 

I want some with the museum, the church, the 
Royal Palace. 

How much is a dozen ? 

One mark twenty pfennig. 

Here are ten marks. Will you, please, give me 
the change in one-mark pieces 7 
I want a hat. 

Of what kind 7 A top hat, a felt hat, or one of 
straw 7 

A soft grey felt hat. 

This one is too big for me. 

Here is a smaller one. This one fits well. 

What is the price 7 Nine marks. 

Can you send it to me at the hotel 7 
ITl put down the address. 
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®ic ge!)e td^ am teflcn in bte Jlciti^dflrafe 7 
Cycvabc bi^ gur itub banu btc mette @traje 

rcc^ts. 

banfc bcjlcn«, or, iBeilcn Daiif. 

.ifeuuen @ie mir flefallii^fl fagen, ivc bic Jlatl^ebralc ijl 7 
Vim ($nbe bet n&^flen (Strafe linf^. 

SBic melt ijl e« gum Soclcflifd^en ©arteu 7 
,^aum funf aWinuten. 

D, ed ill fel^r melt bcu Ijier. 

(4iibt ce< einen @iellmagcn cber eine ^ferbebal^n bal)tn 7 
D ja, @ie fomien mit bem Dmuibuei ^infommen. 

'Bitte, mcld^c ifl bic ^auptjlraje 7 
T)ie lauege @trafc gegenuber bev Jlird;e. 

.ftcunten @ie mir aiitiflft fagen, ma l^ter cin !labaf; 
labcu ip 7 

ViUe femme ic^ gum ^etel Olom, bittc 7 
Urn bie Cfde, unb bann bie gmeite (Strafe redpe<. 

.>d) mill nac^ bem SWufeum; melcbetf ijl ber fitrgepe 
ailcg7 

jtennten @ie mir fageu, mic ft>at (mie bid U(;r) ea ip 7 
^>alb fed^^ U^r. 

2)avf id) <Bie urn geuer bitten 7 

the Shop 

•ftabeii <Bie Vlupd^t^farfen 7 
^icr, bitte. 

mod^te mdd^e mit bem HWiifeum, ber Jlird^c, bem 
.ft'oniglid^eu Sdblofie barauf. 

^ae fpfiet bad S)ubcnb ? 

^ine ajlar! gmaugig Slfeituige. 

4&ier pnb gel^u SKarf. OJeben ©ie mir, bitte, ben (HeP 
in SRarfpucfen. 

3d^ braudbe cineu •^ut. 

Seld^er 9(rt7 @inen ^t)(inber, einen gifgl^ut, obet 
einen aui$ ©trol^ 7 
(linen meid^en graueu gilgput. 

T)eifer iP mir }u grep. 

^ier ip ein flemerer. JDiefer pjt gut. 

foPet er 7 91eun ^Karf. 

.Hinmen Sie ipu mtr in^ Jpotel fc^iden 7 
mill bie tlbreffe aufft^reiben. 



How much k the umbrella in joor shc^ window t 
Which <nie do you mean ? 

The black one with the silyer handle. 

Eighteen marks. 

That is too dear ; haven't you ^ta cheaper one ? 

yes, but not of such good silk. 

I snoiild like to change English money for 
German. 

Is it gold or paper ? 

1 have some sovereigns and five-pound notes. 
How much of each ? 

Ten pounds in gold and fifteen in notes. 

How many marks do you reckon to the pound ? 
Nineteen marks 75 pfennigs. 

Don't you want some small change as well ? 

Will you kindly change marks for English 
money ? 

How much do you reckon a pound sterling ? 

We charge 20 marks for one pound. 

I have 4^ marks, that would be £21. 

Can I have £1 in silver ? 

Do you want half-crowns, or shillings also ? 


fofltt bet (Kf^cnrd^irm in 5l;rfm Ulii^'lagffenftn ? 
SS)e((i^en attinett ? 

fc^irargen mil bem filbeuicn 
9Karf. 

5)ai( iff wir ^ teuer ; ^bfn Sie uid»t einen blUt^etren ? 
D ia, abet nt(^t ans fo fetnev (Seibe. 

mo^t gerne eiigUf^fS ©elb bettlf<be<> eii\j 
toed^ftin. 

3ft fS ©clb cber papier? 

3c^ uub ?^unf 'llfunbj^letcn. 

®ie tfie( ecti icbet Sotte ? 

Be^n $funb in @)clb nnb funfj^el}u in 9lrtrn. 
suit itie inel SWaif bered^nen 6ie baci '|lfunb ? 

SUtt 19 3kar! 75 ^fennige. 

^taud^en 6ie nid^t anc^ einiges JlUuigelb ? 
aBollen @ie mir gefilltgft ailarf in englifi^eei Ohio 
iimmed^feln T 

Sie bered^uen <Ste bas $funb ^teiltng? 

®ir beredmen 20 SWarf fiir tin ?fnnb. 

3(4 4<^be 420 baet iviirbr aif^o £21 iUtSmadben 
ilann i(4 fin SJfunb m Wilber l^aben? 

9Bunf(4rn <Ste balbe Jtrenen ober ciu(4 ? 


Coniinued 


SPANISH By Amalia de Alberti O H. S. Duncan 


DEPORE proceeding further with the study 
^ of the verbs, it may be well to pause for one 
lesson the more thoroughly to comprehend certain 
important points which affect one's knowledge 
of what may Ik* termed the living language of 
Spain ; points which have perhaps not boon 
Buffieiently insisted upon in previous lessons. 
In all languages there is, of course, the literary 
and the commercial use of words, and while a 
student who has had his attention concen- 
trated on one or other of these uses, but not 
equally on both, may truly have acquired a 
good working knowledge of the foreign tongue, 
he is in danger of lacking the readiness of appli(*u- 
tion which comes from knowing the varying 
values of words and modes of composition. W«* 
have so far endeavoured chiefly to give in our 
vocabularies and our exercises such examples 
as might be considered of literary " rather than 
“ commercial ” use, holding that the knowledge 
of any language for its own sake should always 
take precedence over its application to the uses 
of the market-place. But at this stage it is well 
that our consideration of Spanish should proceiKl 
with increasing regard to the work of, say, 
a Spanish merchant’s office in one of our gn»ut 
cities, or clerical work in one of the Spanish* 
^al^g countries of the old or new world. 
Inis also should be mentioned at this point : 
that in certain of the passages which we have 
transcribed from standard Spanish authors, 
words oocaskmally, though rarely, occur which 
in more recent years have become somewhat 
archaic, just as in J&oglish sp^h words are con- 
stantly undergoing modification. It should also 
be noted that the ^umish authors of the past, 
t^ugh the most entertaining and instr^ive to 
read, not only make use of certain archaic words, 
but also of phrases, which, while the student 
should be familiar with them, are not to bo 


reproduced by him in writing the language. Ho 
must avoid such forms as 

Dedas for dv edan 
Dethn „ dv vlhHf etc. 

All such cases, so far as our readings in tliis 
course are affooted, are covered by the words 
and phrases in the following brief vocabulary : 


Vocnbulary 

Vocabulario 

The grandfather 

El abuelo 

The grandmother 

i.ia abuela 

A share* 

Una accion 

The* farmer 

El agricultor 

Sea water 

Agua de mar 

The flag 

La bandcra 

A trunk 

Un l>aul 

The library 

IjH bibliotcca 

The country 

Kl campo 

A desk 

Una carfx'ta 

A surgeon 

Un cirujuno 

A merchant 

Un comcrciant^i 

Inasmuch os 

Como quiora que 

liestination 

Destino 

To contend 

Disputar 

An endorH(*ment 

Un endoso 

A sculptor 

Un <»8cultor 

The stars 

Las estrellas 

To exaggerate 

Kxagerar 

Field flowers 

Flores nil vest rt*s 

A picklock 

Una ganzua 

A gip»y 

Un gituno 

A guarantee 

Una garantia 

A throat 

Una garganta 

A sentry-box 

Una garita 

The gamekeeper 

Until 

£1 guarda 

Hasta 

Heliotrope 

Heliotropo 

A man ck knowledge 

Un hombre instruido 

Incredible 

Inereible 

A shawl 

Un mantdn 
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A doctor 
Foreign country 
Picturesque 
A porthole 
The cousin 
The sunset 
The hand-bag 
A joint-stock company 
A slash 
The grocer 
Draper^s shop 
The uncle 
The aunt 
Wholesale 

Miscellaneous Phbases 


Un medico 
Pais extranjero 
Pintoresco 
Una portilla de luz 
£1 primo (/em. , la prima) 
La puesta del sol 
£1 saco de mano 
Una sociedad en com- 
Un tajo [andita 

£1 especiero 
Tionoa 6 almacen de 
£1 tio [tejidoB 

La tia 

La vcnta al por mayor 
Prases Sueltas 


Let us count our money 

To go to the confec- 
tioner's to eat pastry, 
take ices, and drink 
lemonade 

We were fortunate to 
obtain a private audi- 
ence of the Pope 

I am glad to come home 

The bookkeeper is mak- 
ing up the accounts 
for the end of the year 

This gentleman has a 
letter of credit upon 
our house 


Coni^moB nuestro 
dinero 

Ir i la confiteria para 
comer pasteles, 
tomar helados, y 
bebcr limonada 
Fuimos afortunadoa 
en obtener una au- 
diencia privada del 
Papa 

Me alegro de volver a 
casa 

El tenedor de libros 
esta haciendo las 
cuentas de fin de ano 
£ste Caballero tiene 
una carta de cr^to 
contra nuestra casa 


Importance of Accents. Insignificant 
as these may appear to a beginner they are 
really of vital importance, as the omission or 
misuse of them may entirely alter the tense 
or person of a verb, confuse verbs with substan- 
tives, and one substantive with another. 

Examples. Yo amo, I love ; el amo, he 
loved ; el amo, the master or owner 

Yo hdble, I spoke ; hahh Vd, speak you ; que 
yo hable (subj.), that I may speak (imp ) ; or, let 
me speak. 

El Papa, the Pope ; el papa, the father. 

These examples might be multiplied indefin- 
itely ; but they will suffice to demonstrate the 
importance of thoroughly mastering the use 
and position of the accent. 

Article, Gender and Number. For 
the present purpose these three may be con- 
sider^ together in their relation to one 
another. Special care must be taken to make 
the articles and adjectives agree in gender and 
number with the substantives and pronouns to 
wMoh they relate. Verbs must also agree with 
these as regards number, and likewise in 
gender, where the past paHiciple is employed 
adjectively. The rules alrea^ given should 
be carefully studied. 

Examples. El Empemdor Nerdn fue cruel- 
isimo, The Emperor Nero was most cruel. 

Eaa muehacha es amabHisima, That girl is 
most amiable. 

'Tengouna hermoaa hiblioUca y fugwoe libros 
e^pUMOdoe, I have a beautiful library and 
some splendid books. 
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El mar edd fdacido, The sea is calm. 

Las seiloras eddn semtadas en el sahn. The 
ladies are seated in the drawing-room. 

La moral de las naciones difiere. The morals 
of nations differ. 

Las COSOS que tengo compradas no me gusUm, 
The houses which I l^ve bought do not please me. 

It might be noted here that a number of words 
change their meaning entirely according to the 
gender of the article employed. 

Examples. El capital (capital, money) ; 
la capital (capital of a country) ; d code (cut) ; 
la corte (the Court) ; d drden (o^er, sequence) ; 
la drden (order, command, mandate) ; el papa, 
the father ; la papa, the potato. 

Dates, Days, Months. The first of a 
month is variously called el primero del mes, 
d primer dia or d dia primero. 

Note that the final o in primero and tercero is 
dropped when used before a mascuhno noun. 

The days are written with a small letter and, 
like the dates of the month, are preceded by 
the article d. The months ore spelt with a 
capital: El domingo, el ll de JSeptiembte, d 
mes de Agosto. 

Euphony. This is also a very im|>ortaiit 
point in speaking and writing Spanish elegantly, 
but fortunately the ruk is easily acquired. 

Before words beginning with i or the un- 
aspirated h followed by i, be careful to use c 
for “and” instead of the usual y {ee-grieqa) 
Similarly, before words beginning with o it is 
usual to use u for “ or ” thus : 

Ese honibre es cobarde e ingrato, That man is 
cowardly and ungrateful. 

Los Caballeros e hidalgos. Gentlemen and 
noblemen. 

iialvo error H omision. Errors and omissions 
excepted. 

Feminine words beginning with a on which 
llip stfesB falls take the masculine article : 

El alma, the soul ; el aqua, the water ; el 
ama, the mistress. 

Errata. We take this opportunity of 
planting the following important corrections of 
a series of errors which unfortunately we weris 
unable to correct in all the copies containing 
page 2917. 

Personal Pronouns (Accusative) 

Le quiero, I like him 
La quiero, I like her 
Les quiero, I like them 
Las quiero, I like them (f.) 

Personal Pronouns (Dative) 

Le hable, I spoke to him or her 
Le di,l gave him, or to him or her 
Le compre, I bou^t him, or for him or her 
Le quite, I took from him, or her 
Les envie, I sent them, or to them, or to you 
Le hable d il, 1 spoke to him 
Le hable d eUa, 1 spoke to her 
Me dijo algo, lo mod no escuche. He said some- 
thing to me to which I did not listen [page 
3207] 

Hemos matado al ladron. We have killed the 
thief [page 3350] 

Continued 





THE TRIUMPH OF VENICE. BY PAOLO VERONESE 
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71. ALLSQOAY OF SPBING, BY BOTTIOELU 


and figurefl are bathed in the earliest approach of space, range after range of billowing bills 
to the modem conception of painting open-air under a limpid blue sky, only enhance the effect 

sunlight. He, too, was a master of perspective of pure spirituality^ As a master of space 

and foreshortening, and was endowed with a composition ho was only surpassed by his great 
rare sense of pure beauty. One of bis finest pupu Raphael. 

works, the ** ^ptism of Christ,*’ is to be seen To the same school belongs Pinturicchio, one 

at the National Gallery. His pupil, Luca of the most productive fresco painters of the 

Signorelli, of Cortona, the author of a great fifteenth century. The decoration of the Rorgis 

series of frescoes at Orvieto Cathedral, may apartments at the Vatican in Rome, and of the 

perhaps best be described as a painter of human library of Siena Cathedral, are his chief works*— 

limbs and of muscular activity. He delighted masterly space compositions which, however, 

in illustrating scenes in which he could intro- in their excessive love of splendour, of sump* 

duce seething, passionate crowds of unclothed tuous gold, ultramarine and red, overstep the 

humanity in every possible stage of violent natural limitations of decorative wall piuntinga, 

movement ; but he was not a painter of the Influence of the Paduan SchcM>l. 
** nude ** in the modem sense — that is, an artist Meanwhile, the Renaissance movement had 

who will paint the figure for its beauty of form made equal progress in Northern Italy. In 

and surface texture. For that his drawing was Padua, Squarcione, a painter who had travelled 

too hard, his colour too dry; and the charm in Greece and brought back with him a fine 

of the female form escaped his perception. collection of antique sculptures, was the 

The Umhgian School. Umbrian paint* founder of a school based on the study of those 

ing was an offshoot of the Sienese scbool^ antiques. His great pupil Mantegna (a.d. 1431 

modified b]^ Florentine teaching. It never to 1506) was entirely imbued with the classic 

attained artistic independence, and was always spirit, and treated his paintings in a noble, 

more or less tied to the illustrative tendency. sculpturesque stvle which has much in common 

The Umbrians were more concerned with with relief work. His “Triumi^ of Csesar,*’ 

tenderness of sentiment and intensity of religious now at Hampton Court Palaro, shows 

expression than with form and line and move* extent of his olassicsd and antiquarian knowledge 

ment for their own sake. A long succession of and his masterly drat^tsmanship, though 

minor artists, who need not here be enumerated, bis frescoes in tbe Gonzaga Palace at Mantua, 

culminates in Pietro Perugino, the most typical, which have for their subject scenes ol contem* 

as he was the most accomf^iidied master of the porary life, show even better the power of his 

school , His scriptural pictures — and he painted Inrush. The Paduan school exercised con- 

few, if any, otherB-*are peaceful, serene, de- siderable inflaence ovw Milanese and Venetian 

taohed from this world [73]. He piuated the life art in the fifteenth centiuy. partioularly over 

of the sou) and not of the bodv ; and the lovely Blramantino in Milan, and the Vivarini in 

Umbrian landscapes in which his figures are Venice, though Venetiao painring was soon 

set, landscapes that open up the whole depth directed into other channels. 
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The Splendour of Venice. Tho power> 
rui mercantile Republic of Venice was never 
tbe soil for humanism that Florence had been. 
Aoottstomed to gorgeous pageants, pomp and 
ceremony, and luxurious life, and living in an 
atmosphere that cannot but develop a keen 
sense of beautiful mellow colour, these wealthy 
traders required an art that should be neither 
academic nor didactic, an art that should not 
reflect classic knowledge or stimulate thought, 
but an art that should reflect the splendour of 
their daily surroundings and appeal direct to 
the senses through the musioal quality of 
colour. In Florentine painting colour had 
always been subordinate to line ; the Venetians 
wore the first school of real colourists — painters 
who thought in colour, not in line ; who studied 
the colour appearance of Nature, and rendered 
Ihc true appearance of things in pigment — true 
painters, in fact, in the modem sense of the word. 
The introduction of oil-painting by Antonollo 
da Messina was of inestimable aavantage to 
the achievement of this new ideal in painting. 

The BelHnia. The brothers Giovanni and 
Gentile Bellini show already the germ of the 
Venetian tendencies which were to culminate 
in Titian and Tintoretto. Gentile revelled 
in historical processional pictures of Venetian 
life, a type of work in which Vittore Carpaccio 
achieved the greatest fame. Giovanni B(dlini's 
paintings have a noble, 
classic dignity of style, 
an almost monumental 
character. Ho strove for 
the typical rather than 
I he individual. His 
colour is rich and hai- 
monious, though not as 
sensuous as that of th<‘ 
later niastt'rs. Two 
other masttsH oi the 
earliijr Venetian school 
must here be mimtioncd 
— Carlo Crivelli, a pujiil 
of the elder Vivarmi, 
and strongly influenced 
byManU'gna; andC^ima 
da Conegliano, whose 
altar-pieces are full of 
character and glowing 
colour. Crivelli, whose 
love of carefully cxecuttKl 
detail rivals the early 
Flemish masters, is mag- 
nificently repre8enU*d at 
the National Gallery. 

Towards the end of 
the fifteenth century 
there was scarcely a city 
in Italy that was not 
a centre of some im- 
portant school, and 
could not boast of some 
masters of more than 
local reputation. When 
the sixteenth century 
dawned, pamting, thou^ 
still frequently employed 


for the decoration of arohiteoturo, had to a great 
extent become an end in itself, independent ot 
the other arts. 

Lionardo and Raphael. Leaving Venice 
and returning to Florence and Central Italy, 
we come to the man w'ho inaugurated the greatest 
period in Italian art — tlie period when supreme 
teohnioal mastery went hand in hand with ideal 
beauty and classic perfection. This man was 
Lionardo da Vinci, that universal genius who 
could master and achieve greatness in every 
phase of intelleotual and artistic activity. 
Raphael was an eclectic who, gifted by nature 
witn a rare capacity for nssimilating all that was 
most admirable in the art of those that had gone 
before him, consciously combined these qualities 
in works that have for ceiiturit^s been held up as 
tlie acme of perfection, and have, through aca- 
demic teaching which encourages the cold, soulkss 
imitation of all that is purely formal, exorcised 
a deterrent mflucince on th(» evolution of art. 
Lionardo, too, had assimilatiKl the accumulated 
experience of two (’(mturies of painting, hut 
with him this process was uiKonscKUis, and 
though the perfection of his work sounds a 
unique personal note, ther<< w'as nothing his 
brush could not exprtM^s— imiotion or serenity, 
character or pure biMuity, strength nr iender- 
nosH. He was a masU'r of line and of colour, of 
movement and expn's^ion. Volumes have been 
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written about the deep nguifioanoe <d wery 
Bgm in hie ‘^Laet Bagoa ” £reeoo« in Milan, now 
a oomplete wreck, which eoaroely re< 
fleote a dim shadow of ite fonner 
glory. And the m^terioua 
malm smile of we '^Monna 
Lisa** has become the stock 
phrase of a generatioa of 
art writers [76]. 

Galled to the Court of 
the Sforza in Milan, 
lioiiardo became the 
head of an important 
school, from which iseued 
such masters as Luini, 

Beltraffio, Gaudenak) Fer- 
rari, and the Sienese 
paixiterSodoma. Lionardo 
himself produced but few 
finished works, and forms 
in this respect a marked 
contrast to his great 
rival Michelangelo, whose 
work is truly titanic in 
character and in extent. 

His ceiling of the Sistine 
Chapel alone would be no 
inconsiderable result [74] 
of a life’s work. We have 
already dealt with the 
master’s sculpture. In 
painting he shows the 
same powerful grasp of 
the human form, the 
same passionately height- 
ened vitality, the same 
grandeur of design. But 
he was not a colourist 
in the sense of the 
VeneUans, or of Lionardo. 

His genius was more 
sculptural than pictorial. 

His strong personality 
attracted many followers, 
of whom SebMtiano del 
Piombo achieved groat 
Raj^ael at one perm fell under his spell. 

••The Perfect 
Paiater.** Of the 

other Florentmes of 
the period. Fra Bar- 
tobrnmoo and Andrea 
del Sarto enjoy the 
widest fame. The former, 
a follower of Savon- 
arola’s, eschewed all 
woridlinesB m his art, 
and painted in his early 
period many serious and 
solemn altar-piebes of 
great beauty and har- 
moiiioeify blended, mel- 
low ookwr, thov^ later 
in life he attempted 
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of pompous character, 
but without much sig- 
nificance. Andrea cbl 
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Sarto, who eamed the epithet of ** the peisfeot 
>a^ed the Venetiaiis In his oon- 
of colour. Perfect in drawing, 
rare sense of beauty and 
be lacked power of expres- 
and depth of feeling. In 
rthem Italy, Correggio, 
hose chief works are to be 
leen in Parma, is ihe most 
typical master of the late 
Kenaissance. An artist 
of great nervous sensi- 
bility, he had little con- 
cern with nobility of form 
and carefully - measured 
rii 3 rthm of line. His art 
is intensely emotional ; 
the expression of his 
** Madonna,” as of his 
** Magdalen ” and his ** lo,” 
is almost ecstatic in its 
intensity of delight or 
grief. His real medium 
18 light and shade rather 
than colour and line, and 
he almost rivals Rem- 
brandt in his rendering 
of chiaroscuro. 

Raphael marks the 
tummg-point of Itaban 
art — Venice always ex- 
cepted — which after his 
death degenerates into 
eclectic mannerism on the 
one Land and crude 
naturalism on the other. 
Of Raphael’s pupils, Giulio 
Romano and Porino del 
Vaga continued for a while 
his tradition, but towards 
the end of the century 
Bologna took tlie lead. 
The Caracci and Guido 
Reni and Sassoferrato 
and other eclectics are, 
however, scarcely worthy of a place in a short 
survey oi the world’s art, except to typify the 
shallow depth to which 
painting had sunk after 
its glorious efflorescence 
at the beginning of the 
century. The natural- 
ists flourished especially 
in Naples, where Ribera 
painm numerous scenes 
of torture and other 
horrors with bold use 
of contrasts of light and 
shade. 

Giorgione. In 

Venice the sixteenth cen- 
tury is inaugurated hy 
thi^ gknnous masters — 
Giorgione, Palma, and 
Titian. Of the first of 
them (ndy lew pictures 

74. PORTION OF THS CBBATioN OF MAN, BY cstt be identtfi^ with 
MZOHBLANGXLO (Slftlnd Otepel. VaUoMi, Rome) oertainty, but they 
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fame, and even 



suffice to secure him a position among the elect. 
He knew how to express the omotmn of the 
figures in the sur> 
rounding land- 
scape; he was the 
first, in fact, that 
did not paint the 
background merely 
to fill in a pleasing 
manner the space 
between and be- 
hind the figures, but 
made the figures 
live in their sur- 
roundings. He was 
an idealist whosi) 
art was the fruit 
of his imagination. 

Palma. Palma, 
who owed much 
to Giorgione’s ex- 
ample, was intoxi- I 
eat^ with the 
sensuous l)eauty of 
Venic(‘ and of her 
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daughters, and revolM in painting the luxurious 
charm of their rounded forms and golden hair [76 \. 

Titian. Titian stands for the highest achieve- 
ment of Venetian art. He was, perhaps, the 
greatest colourist the world has ever seen, and 
could do justice to every 
task by which a painter 
may be eonfronied. Tluit 
he could express in terras 
of colour the most exaltt'cl 
emotions of the human 
soul is proved l)y such 
works as his “ Assump- 
tion,” at the Venice 
.-Veademy [see jiage 181]. 

In space composition he 
rivalled the greaU‘.st 
Tuscans. The sumptuous 
glow of his colour is 
only rivalled by the 
rhj’thm of his linear 
composition, and in por- 
traiture he ranks \Mth 
Velasquez and Rem- 
brandt. 

Tintoretto and 
Paolo Veronese. 

While in the later part 
of the sixteenth century 
the rest of Italy was 
given over to uninspired 
eclecticism, Tintoretto 
and Paolo Veronese 
worthily upheld the 
great tradition of Vene- 
tian painting. The 
former, who had chosen 
the motto, “The de- 
sign of Michelangelo, the colour of Titian,” 
was endowed with a feennd imagination, was 
a complete master of the human form, and 
of all effects of light, and a gigantic worker. 
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vi^o devoted himself with preference to decora- . 
tive tasks on a monumental scale. His principal 
works were oxe- 
i'uUhI for the 
Hugo’s Palace and 
the Seuola di Han 
Ropco, in Venice. 
Paolo Veronese, 
one of the greatest 
masUTs of com- 
position and a 
sumjituous eolouv- 
ist. was above all 
the ))aiutor of 
Venetian festive 
life. His subjects, 
true enough, are 
chosen from Scrip- 
ture, but tlio seencMi 
aa^ invariably clad 
in the gorgeous cos- 
tunui of sixteenth 
cent my Venire, 

Hhieli they bring 
vividly before our 



76 . MONKA USA, BY LIOKABDO DA VINCI 
(llie Louvre, Parts) 

and expressiveness. 


eyes. ^ Ho loved tlie beautiful surfac^t^ appearan<*o 
of things, and did not trouble much about their 
inner moaning. [Hj o Platt' facing 37t)3.J 
Canaletto. 7'intoretto and Veronese are 
followed by many florid imitiitors, but the end 
of th(‘ seventeenth century 
produced a now ” gome,'* 
of which the cfd(‘r (Vma- 
I(‘tto is the chief repro- 
sentative. Ho was a 
)»urcly objective painter 
of the architi'cturai 
ft*atur(‘s of this floating 
city of palact'H, which ho 
recordwl with great love 
ot (h'tail, without losing 
sight of the eilect of 
massed light and shade. 
Francesco Guardi chose 
similar motifs for his 
pictures, but tr<‘aU‘d 
them in a tojio- 

graphi(‘al spirit II is hi iish 
is rnort* liquid and broad, 
hiH tone silvery and 
creamy, his atmosphere 
truer ilian Canaletto’s. 

Tiepolo. The last of 
the masters of VeiiKo 
>vaH 'J’lcfMilo (l(im>.)770), 
who cabTcd for the 
craving of his time for 
florid splcnilour ~a great *' 
coIoiiijHt, who modelM 
hiin.s(*lf oil his greaUu* 
precursors of the* six- 
te/'nth century, hut 
totally lai'king in kloas 
He devoted himself chiefly 
to decorative paintings for ceilings and walls, 
and died in Spain, whither he hod been 
summoned as painter to the Court of Madrici. 
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bcumiiig of gaB» lights, and coal fires produces 
carbonic add and oUier gases. But we must 
note that carbonic acid gas produced in this 
wajr is very different from that produced by 
expiration, for it is free from all poisonous 
organic panicles. 

Stagnant air has a diminution of oxygen and 
an increase of COn, and in fogs a groat deal of 
solid matter is suspended. 

Trades give off innumerable particles and 
poisonous gases, and need not be enumerated. 

Towns are another source of impuritioB on 
account of the crowded life and the indoor 
existence. In a room there are ten times as 
many bacteria in the air as there are in town 
air ; and in town air there are ten times os 
many bacteria as there are in country air. 

In addition there is household dust of every 
sort, and street dust laden with particles of 
manure. 

Poisonous exhalations emanate from marshes, 
which are also the birth-placo of insect that 
cause malaria. 

Invalids are ever giving off oxhalations of a 
specially poisonous nature, while in all infectious 
diseases the air is laden with contagious particIiHi. 

The Health Value of Rain. Agents 
which cleasise the air from those defUemcnts are 
rain, ventilation (external and internal), preven- 
tion of smoke, plants, sunshine and ^vind. 

Rain is a great purifier of air; how groat, 
but few realise. Perhaps one of the best 
ways to prove this is to go out with a w'hite 
waistcoat on a dry day and on a wet day. 
If rain be prevented from falling on the waistcoat, 
it will keep quite clean on a wet day Another 
test is the difference in the taste of the air after 
rain, for air breath(*d through the mouth has 
a decided imU\ If w(‘ examim* lain-water, wo 
shall lind it filled with irapuritic'. which it has 
washed down from the air. 

In the best systems of ventilation of ehurehes 
and other large buildings, one of the processes 
is to wash all the air that is admitted by imita- 
tion rain (water running down a tine string 
screen), thus ensuring its purity. Jt is therefore 
fortunate for us in one way that this is such a 
rainy climate, for there is no doubt that from 
this cause town air is much purer than it would 
otherwise be. 

A combination of rain and electricity, as in a 
thunderstorm, not only purifies the air, but 
refreshes it by storing it with ozone. The air in 
towns, therefore, is at its liest and jmreHt after 
such a cleansing storm. 

Afr in Towns. External imitilaiion < 011 - 
sists in the ventilation of towns by tin* alwliticm 
of courts, cul-de-sacs and narrow streets, 'f o 
secure the best air in a town, it should have 
plenty of parks, and streets 30 ft. wide, with 
footpaths 24 ft., making at least 60 ft. betwi^m 
the houses, but no bock -to- back houses 
and no places without a through drauglit. 
We must rememlier that the air when it first 
reaches a town is countiy air. It is a curious 
fact that in so many of our towns the west end 
is the fashionable quarter, and on investigation 
it is found that this is connected with the question 
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of external ventilation, for in towns vhete the 
west end is the fashionable suburb the prevailing 
wind comes from the west. It is evident, there- 
fore, that those who dwell in this locality get the 
purest air, for they get it just fresh irom the 
country, whereas those in the east only get it 
when it has passed over the whoU* city. hUemal 
ventilation, or ventilation propir, is the other 
aspect of the subject. 

The i)revention and consumption of smoke 
are both of groat importances and not only make 
a town cleaner and brighter, but, through more 
perfect oombustion and decreased use of raw 
coal, prevent many deleterious j)roduelH, especially 
sulphur fumes, from entering the air. It is com- 
paratively an easy matt<)r to prevent smoke in 
factories ; the difficulty is to do away with it in 
private houses. ITio remedy will probably come 
from tile supply of electricity at so cheap a rate 
that heating will be largely done by its means. ' 

Nature** Purifying Agent*. Plants, of 
course, absorb 00 .j, and give out oxygen, so that, 
theoretically, sufficient jilants to absorb the CO.j 
given out by a man shimld keep the air pi*rfecily 
pure. Anyhow, there is no doubt that trees in 
tile parks and in the streets of a city are of great 
uws and assist in purifying the air. 

The Him is a mighty puritior. Not only by its 
heat and its light, but by tlie ehomieal action 
of its aetmie rays, it rapidly burns uf) and destroys 
the germs that k warm in the air. It does another 
thing. 1 1 makes the dirt visible, and a p<»rHon who 
walks through a sunlx^ain, where the air, thick 
with dust of all kinds, can be plainly seen, dis- 
tinctly hcsitati^ Inffore h(» breath<*s such a thick 
and nasty compound. 

Thi* last purifier of wliieh we have to speak 
is wind. We must, however, point out that 
it is also a great introducer of impurities as 
WH‘11 as a removes ot them by assisting venti- 
lation. When all the road-swei'pings are blown 
up in clouds, ..nd all the dust whirls round in 
eddies, the wind is scarcely acting as a jiiirilier. 
Tlie ht(*ady bn*ezes, which, without so much as 
raising the dust, cause the air to move rapidly, 
do much good. Air fiequently by this aid 
travels 10 to 14 mdcH an hour If you stand 
in Oxford Street, with sucJi n west wind blowing, 
the air you breathe is hardly tow'ri air at all, for 
it was over Wimbledon and Jhimes Oommons 
a few' !ninut<*B before, and the town air is 
quickly blown out to be piirifi(‘d in the country. 
Wind, therefore, is of the greatest v alius for 
nothing can be worse than i.tagnant air. 

Air Indoor*. Some idea will have bism 
formed by now how far we am from breathing 
pure air out-of-doors, in towns, at any raU*; but 
all this is us nothing eomjmied to the quality 
of the air indoors, on wdiieh we have not yet 
touched. 

'J'here is one country' in the world in a higli 
state of eivilisation where the question of venti- 
lation is of no importance, and that is Japan. 
Here, owing to the paper walls of the houses 
and rooms, and their extraordinary mobility, 
the air indoors and out-of-doors is more easily 
kept alike than anywhere else ; and it is quite 
possible that in our intimate associations with 
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JafMia we mmy find eome ^{»riiid|»lee tbet eould 
be adopted witb adwenteffe eran bm. 

Of oottrae» our groat diffioull^ in England is 
not onljr the ecfi^ty of our houaea, but the 
inclemttioy and ehangeableneM of our climate, 
m whidh nearlv every attempt at ventilation 
eansee a horrid drau^t. 

VentilatioaiB, of oourse, the science of effectually 
changing the air indoors tvitkcnU draught, and it is 
a science of the greatest importance to the health 
and well-being of this country. 

Out-of-doors the air is generally in more or less 
rapid movement, and thus, even in the heart of 
Ijondon, fresh breezes from the country, travel- 
ling at from 10 to 15 miles an hour, frequently 
come frmn the fields and fiowers, and the air is 
being continually changed. The largest crowd 
cannot make the air ck^, and it is o^y when it 
is allowed to stagnate that it becomes injurious. 
Hence the danger of courts and alleys which 
have only one entrance, the building of which 
is now wisely forbidden. No ; the evu really lies 
in the extraordinary folly we display in our 
dwellings, where, as a rule, with every arrange- 
ment for comfort and even luxi^, none is 
definitely made indoors for securing pure air 
for the breath of life. 

Poiaonoua Cottages In Fine Air. 

It is certainly startling to find what numbers of 
people are thus poisoned in the finest air in the 
world. In the country, and m Scotland especially, 
the death rate from consumption is very high 
amongst the women in proportion to the men ; 
and this is undoubtedly due to the indoor life 
of the former as compared with the latter, for 
any greater contrast between the air of a High- 
land moor and that of a Highland cottage it 
would be hard to conceive. It is for a similar 
reason that so many people derive small 
benefit from their seaside change. They spend 
half their time — their nights, at any rate — ^in 
such small, stuffy, over-crowded and poisonous 
rooms, with windows that do not open at the 
top, t^t the good of the fresh breezes of the day 
is quite undone. 

In the Hebrides, consumption is almost 
unknown, for the cabins there, built of unhewn 
stones, allow an abundance of fresh air to enter, 
while a great square bole, 18 in. in diameter, in 
the roof, carries off all the foul air. On a la^e 
estate on the mainland, where this primitive 
state of things was with the best intentions done 
away with, and the rough shanties were replaced 
witli neat cottages, whose walls and roo& were 
hermetically sealed with plaster and wliitewash, 
and whose windows and doors were close-ffttmg, 
the mortality speedily increased, in spite of the 
greater comfort thus afforded. 

Air in Hospitals. Yea s ago, in the 
Franco-Prussian War, numbers of the wounded 
soldiers were placed in draughty bams, the 
hospitals being over-crowded. Cold and com- 
fonfiess as these bams were, those who were in 
them got well more quickly than those who were 
in hoeqiital, simply because they had more fresh 
air ; and similar experiences have repeatedly 
occurred in other wars. It cannot be too much 
insisted on that close air is as poison to the lE^k. 
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sk in (mrEkmes, there k another thm;^^ 
will bear repeating. As to our lood^ we oan 
go about and select it when and where we will, 
and eat it at certain times ; as to our clothes, 
we can choose them where and when we will 
with equal ease ; but as to the breath of fife, 
we are coippelled by an inexorable law of Nature 
to draw in whatever air we happen to be standing 
in, about 17 times every minute of our lives, 
day Mid night, without ceasing, or about 
9,000,000 times every year, whether it be pure 
or poisonous. What an amazing importance, 
then, attaches to this one question of ventilation t 

Gradual Poiaoning by Vitiated Air. 

Another fact also shows the vital import- 
ance of thoroughly understanding this subjeot. 
Hie poison of carbonic acid gas is like those 
poisons (arsenic, etc.) seleotra by soientifio 
murderers for their victims, in that it is insidious 
and gradual in its action. By constant habits 
greater and greater quantities of it can be taken, 
profoundly mjurmg the whole system, though 
not absolutely destropng life. There are many 
rooms in which we live, and especially in which 
we sleep, which get in such a state that a person 
introduced into them from the open air is nearly 
stifled. 

The reader will soon demonstrate this if, some 
morning, he will get up and dress and go straight 
out-of-doors for a few minutes, shutting up the 
un ventilated bed-room, and then return and shut 
himself up in it and try to breathe. 

It must never, however, be imagined that 
because we can get accustomed to poison, it 
does U8 wt injury. The contrary is the case, 
and chronic slow poisoning is the worst. 

The eonstant breathing of impure air produces 
blood-poisoning of the most profound descrip- 
tion, known as anaemia. In this terrible disease, 
all colour goes from the face, and even from the 
lips and gums ; the breath is short, the blood 
itself watery, and the whole system a prey to 
other passing diseases. 

The Vital Need of Our Lives. It can- 
not be too widely known that we owe our hves 
to the power the fresh air has of entering a room 
and the foul air of leaving it If a man 
enters a large dining-room and seals up door, 
window and chimney, he can exist one hour 
on the air it contams and no longer; then be 
will die. His life does not depend on the size of 
the room, but on its ventilation, and thk people 
so often forget. 

Ventilation, then, is the process of intro- 
ducing into our rooms pure air for inspiration 
and getting rid of the impure air of expiration 
freely and without draughts. 

One very great difffoqlty exists with regard 
to all ventilation, and especiaUy amonret that 
class whose hoal^ is reeSffy their weslth and 
capital, those who earn daily bread by 

hara work in towns. We must remember that 
kesh air is cold, and that impure air, as it k 
breathed out of our lung^ k warm, nearly blood 
heat, or 98^, and it k wa fact which eonstitutes 
the fundamental difficulty in ventilation. 



Ike Coitiminioii of 1S85 on the Houaing 
of the Watkdm ClmeB wieely recognises this, 
and says: most never be forgotten that 

the human body has a desire and a need for 
warmth, and that fresh air, which is so necessary 
to the heidth of a well-nurtured body, chilis the 
half-starved, ill-olad frames of men and women 
whose homes have been described/* 

Fresh Air Costs Money ! The simple 
truth is this. The poor find out that by 
far the cheapest way of warming a room 
is by their own breath, and they therefore stuff 
up every crack and crevice, close door and 
wmdow, and crowd closely together, rigorously 
keeping out that on which their very life depends 
— ^pure air. And were it not for the chimneys 
in most rooms, deaths directly from this cause 
would be far more common than they are. Even 
at sea, some of the foulest air in the world is to 
be found in the seamen's cabins in the forecastle, 
which are warmed by the same poisonous means. 
The difference between pure warm air and foul 
warm air cannot be too strongly insisted on, and 
the fatal effects of living or sleeping in close 
rooms, warmed by the heat of one's own poison- 
ous breath, too plainly pointed out. It is a 
matiOT of pounds, shillings, and ponce, and the 
pity is that those who need this pure air most 
are those who have least of these three things to 
spare. If the room is to be kept fresh and pure, more 
coals must be burnt, or more clothes worn, or b<»th. 

It is curious, seeing the enormous im|K)rtan(‘e 
of this subject, that it has not yet betm found 
possible to apply to the dwellings of the poor 
any simple way of warming tlu* fresh air as it 
enters a room. Some of the rich who can afford 
it adopt a Galton grate, which dfxjs this by 
admitting the fresh air at its sides ; but we still 
think that in the vast blocks of model dwt^Uings 
rising all over London some way might U* 
found of economically laying on warm fresh air 
to a flat from a central furnace. 

In schools a wholesome horror of rebreathed 
air should be vigorously inculcated, and its 
deadly effect shown by experiment, so that 
when the children grow up, nothing will U^mpt 
them to live in ck^ rooms and breathe foul 
air. Carbonic acid gas, produced by the various 
functions of life in our bodies, 
and breathed out with every 
breath, is a powerful brain and 
nerve poison. Its effects are in- 
tensified when combined with 
the germs in expired air. 

Effects of Poisoned Air. 

It is this, too, and not always the 
sermon, that makes people so 
sleepy in churches and eha|Mds. 

It is this, and not the lesson, 
that makes children so Jisiless 
and fidgety in ilJ-ventilat<‘d 
schools. It is this, and not hard work, that 
makes people so dull and heavy when they 
«wake in the morning. It is this, and not mere 
temper, that makes me wife or the work -girl who 
has be^ working in a close room all day so 
irritable. Tlie for ventilation is so in*e88ing, 
as we have shown, that efforts will never cease to 
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come nearer and nearer to an ideal. That ideal 
IS to make indoor air in the country as pure 
as outdoor air. 

It must be remembered that that is the problem 
— since the foulest outdoor air is purer tlian the 
best indoor ; and the evil of cities is not the air of 
their streets, but the indoor lives of their inhabi- 
tants. Now, the air out-of-doors contains *04 per 
cent, of CO^, and it has long been found that to 
attain ^is standard of purity indoors is practically 
impossible. By common consent, therefore, the 
Btendard of pure indoor air has been made to 
differ from outdoor ; for the former has been 
raised to *06 per cent. COy, while the latter is 
*04 per cent. COy. Perfect ventilation may there- 
fore be defined roughly as the science of keeping 
indoor air below *06 per cent. COy without causing 
a perceptible draught. 

If indoor air on tlio average had to be kept 
actually as tiurtJ as outdoor air. about 100,000 
cubic ft. per hour should bcsuppliexl, which means 
a movement of 17 ft. per second ; but in this 
climate any movement of the air of over 6 ft. 
per second produces a draught, and the air must 
lie changi^d without draught, which shows the 
necessity of the compromise. 

An Analyaia of London Air, Out- 
door air in the New ('ut has 4 parts CO., in 
10,0(K). 

The following are specimens of indoor air : 

Ventilated and fresh . . 6 [larts (X).. in 10,000 
Rather close . . . . 8 „ ' „ 

Close 10 

Very close 1*1,, „ 

(%se bf»d-room .. . . 15 „ „ 

Foul by smell .. . . 17 „ 

Pit of crowded theatre 20 „ „ 

Box of crowded theatre JM) „ „ 

( Vo wded school -room . . 37 ,. „ 

The M(*tro{jolitan Railway m some parts luis 
15 parts CO.y m 10,0(K). 

These rt^sults are produewi in various ways, 
of which a rough outline has lH»en previously 
given, but it may be considensd a little further 
here. 

The following arc the amounts of 0(>^ given 
off and air usisl jmt hour by- 


Now, the maximum addition to outdoor air for 
pwrr- indixir air is *2 COy jier 1,0(X) ft. If a man 

S 'ves out *6 C/Oy f)er hour, and only *2 COy can 
) put into eai'fi 1,(KK) ft., it is evident that he 
must have 3,000 cubic ft. outdoor air pcjr hour 
HUppiied to him to put it in. This is the founda- 
tion-stone of all ventilation. 
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Combustion is the next impurity to oonsider. It has been found in schools that with 1230 
Two gas burners produce 6*0 cubic ft. CO 2 per cubic ft. per head there was *14 per cent. CO 21 
hour, or as much as 10 men. If, therefore, a being an excess of *08 per cent, (with two venti- 
man were shut closely up in a small room he lators open) ; with 200 cubic ft. per he^ there 
could live one hour in the dark ; with a candle was *32 per cent. CO^) being an excess of *26 per 
three-quarters of an hour ; with a lamp half an cent. ; with 100 cubic ft. per head there was 
hour ; and with two good gas lights five *37 per cent. COg, being an excess of * 31 per 
minutes ! But the COg from gas is so pure, as cent, (with one small ventilator) 
compared with that from human beings, that in This state of things is being improved every 
this oe^ each cubic foot of COg requires only year as the princip&s of good ventilation are 

00 cubic ft. of lur to dilute it per hour. more and more widely practised. 

A Teat for Pure Air* Every cubic foot Small rooms actuaUy get much more impure 
of gfiM burnt produces half a cubic foot COg and than larger ones, even when air is changed at 
requires 460 cubic ft. of air to dilute, besides the same rate, owing to the little diffusion, and 
fresh air needed for respirating impurities. A the clinging of the organic matter to the walls, 
simple test for pure indoor air is to fill two Change of Air in Rooms. The rapidity 
bottles (half-pint) with water and empty them of the change of air in a room practically 

in the room you wish to test, so that the air of dep<mds mainly on the difference between the 

the room takes the place of the water. Then inside and outside* temperatures. The mere 

to one bottle add one tablespoonful of limewater, existence of an opening does not make air move, 

cork the bottle, and shake it well. If the lime- It is when a room is hot and the atmosphere cold 

water remains clear the air is pure, and the COg in that air is drawn in in such quantities. Hence, 

it 18 ve^ much under *06 per cent. If it becomes a small aperture in winter lets in as much air 

milky it is impure, the air containing over as a larger one in summer. Indeed, there are 
*06 per cent. COg. days when, with all the doors and windows open, 

To the second bottle full of air add two the air does not move, and any purification is 
tablespoonfuls of Condy’s Fluid and shake it. If by diffusion, and not by currents of air. 
the colour remains, the air is pure ; if it dis- Air comes direct through walls. It was 

appears or changes to dirty brown, there is found that a closed room, containing 3,000 

excess of organic impurity in the air. cubic ft., had its entire air changed in one hour 

Cattle require three times as much air as men ; when the inside temperature was 65*^ and the 

a pig the same. The sick require at least a outside 32°. Air should not move more than 

quarter more than the healthy. 5 ft. a second in this climate if there is to be no 

Let us look, now, at the ideal and the actual draught. The opening to admit fresh air for 
allowance of cubic space of air. each person is thus 24 sq. in., and is worked 

Tho Air Space We Need. Pure indoor out in th's way. 
air at 61° contains not more than *06 per Twenty-four square inches is one-sixth of a 
cent, per 1,000 cubic ft. of COg and 75 per square foot of 144 in., and if the air moves at 
cent, of its capacity of water vapour. To 6 ft. per second, five-sixths of a square foot 
maintain this, theoretically, .requires a supjdy enters this aperture per second ; or per hour 

of 3,000 (;ubic ft. of fresh air per hour per (60 x 60), 3,000 pq. ft., which is just the 

human being. It is found, moreover, that, amount required by one person. Practically, 
as air can only be changed in this climate therefore, seeing 24 in. is a space 6 in. by 4 in., 
three times an hour without draughts, 1,000 a window 4 ft. wide— f.c., 6 x 8 in.— open 4 in., 
cubic ft. of air space is required to admit gives entrance to enough fresh air to supply 
of the circulation of 3,(K)0 cubic ft. per hour, eight people in a room. Of course, this is with- 
it is very seldom, however, that 1,000 cubic out lights. Theoretically, therefore, at night 
ft. is allowed. A man himself takes up 3 cubic when the lights are on, the operation should be 
ft. ; a bed, 10 . increased ; practically, it is decreased ; hence, 

A common allowance of air space in certain the air in a room is nearly always much fouler at 
buildings is as follows : factories, 400 cubic night than in the day. 

ft. ; lodgin^ouses, 240 cubic ft. ; public schools We are now in a position to consider intelli- 
and barra^, 600 cubic ft.; hospitals, 1,200 gently the question of natural ventilation; 
cubic ft. ; some London schools, 130 cubic ft. ; by tnis we moan the natural movements of 
some Edinburgh schools, 100 cubic ft. ; prisons, air as distinguished from artificial ventilation, 
860 cubic ft. ; infectious hospitals, 2,000 cubic ft. by which the air is extracted or pumped in. 

(Jontinvtd 
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By Professor J. R. AINSWORTH DAVIS 


ScerplMO Msd Spiders 

Araotmids <incliidmg scorpions, spiders, mites, 
etc ), tlMm^ sometunes popuWly confounded 
with insects, ^ffer from thorn m s number 
of ways, some of which are sufficiently ob^ous 
The head and thorax are always fusea together, 
and the former does not bear slender feelers 
(antennas) ; there are four pairs of walking legs ; 
wings are never present , and the young, when 
hatched, resemble the adult m form 


Scorpions* Scorpions [4S6 and 487] are 
characteristic of the hotUr parts of the globe, 
but some of the smalU'r spiKMcs live m South 
Europe Here, as in Ara(hnids generally, the 
^ngs or segments which make up the head and 
thorax are so intimately fused togetbei that 
their boundaries c annot be seem The si gnu nts 
of the abdomen, however, aie very cleaily 
demarcated (488], and it is charaiteristu of 


scorpions that this region should consist of a 
brof^ basal part 

followed by a nar- ^ 

row “ tail,'^’ at the f j ^ 
end of which a 0 jMr 0 

sharp curved sting 
IS situate d 

The food consists ^ 

chiefly of msec ts « ^ 

and spiders, as well 
a) of other small 
creatures These 
are seized by means - 

of the first two 
pairs of appcaid- 

ages, 8ttuat<Hi in ^ 

front of the walk- 
mg-legs Tlie first 

(diflicerce) art short scorpion (lpper side) 

and terminate in ^ Head ami thuiax h AlMloimo 

sharp nippers, while t Chelictrae d pedlpalp 

tniiAVi IfLPc/AF e AValkinBi Ickb / tftlnp 

uie muon l^gcr ironttves A central f>c» 

second appendages 

(ped^jxdm) bear largo pincers nsemblmg those 
of a crab Havmg seized a vi< tim, the scorpion 
raues t^ narrow tail over the l»ack and brings 
the stmg mto operation Near the shiup tip of 
this two htUe poison bags ojien, and then sensro- 
tioo being injected mto the wound immc'diately 
proves fatal The prey is not chew€*d and 
swallowed, but its juu es are c xtracted, the 
of the scorpion being a sort of suction 
pump and its mouth exccedmgly minute 


Mldnlslit Marsudeni. Scorpions lurk 
under stones and in other dark plac<«, and 
ate nocturnal m their habits In colour they 
are mostly dnU-^or even black, harmonising 
with their sarroundings, and thus securing a 
measure of protection as well as iiemg made 


inconspicuous to their prey There are two eyes 
on tlie top of the head, in the middle, and two 
groups of somewhat simpler ones on either side, 
at Urn front corners of the same region These, 
however, do not soom to bo partiouuirly efficient. 
On the under side of the b^y, just behind the 
last walkmg logs, are tw o curious comb-shaped 
structures repiosenting a modified pair of limbs, 
and probably sc^i \ ing as organs of touch [487a] 

A scorpion does not breathe, like an insect, 
by means of an tubes, but by four pairs of lung- 
books, the slits opening into which arc easily 
seen on the under side of the broad region of 
the abdomen 1 4871)] A large numlier of debcate 
plates, resembling the loaves of a bcNik, project 
mto each of them, and home the name Iting^ 
book It IS m them that the blood is purified 


Spiders, Tliese familiar animals diffcT 
from scorpions m sev oral rt>sj>ei is, as a glam e « t 
405 will tUarly hhow 'Fhe abdomen, instead 
of liemg elongated 



487 SCORIION (UNDfR sidk) 
a f omb h OfKiiinKH of Iiuim: ImioKm 
(V hot< tn ij»h« by Prof B 11 Bcntlev) 


and clearly divided 
into rings, is a 
iDundid mass m 
which the bound- 
aries lietween t hi^se 
arii not visible 
^riie jaws do not 
ti'rmmah* m pm 
cei H, but, in the hist 
pair (fhfiu(rn)^{\n 
<nd joint (iiu Im 
lK*nt down (or 
giasping purpoms 
lik( th( himie of a 
jMx kc t kniti 14881 
'Hu m { oml jaws 
m»rvi as helcis 
Then aic from six 
to eiglii simple eyes 
U|K)n the top of 
the hi ad 


spiders are fully as rajiacioiis as scorpions, 
and like them thc^y suck the juictm of th< ir 
\ictimB, which are killed or paralysed by the 
sc erection of poison glands that o|M*n upon the 
first jaws, ancl thus compc nsatc for the abm*ii(< of 
a tail stmg The c olours and markings, as m 
HcotpionH, make these crcaruies me cinspic uoiis, 
serving the* same double purpose Jfreathing 
IS effec ted either by four lung IkioUs, or, more 
commonly, by two of thc^ organs together 
with air tubes resembling those of msec*ts 


Web«wpidetw. The most familiar spMlers 
construct welis of various kinds to serve as 
snares for theur insect prey, a device which 
faUy compensates for the absence of wings 
Takmg the common garden spider (Epefra 
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diadma) as a type, we ^all find that the silk- 

glands open on six little teat-Uke projections, 

the spinnerets, situated on the under side of 

the abdomen near its 

hinder end [489]. The ^ 

ends of these are 

studded with about 600 Inf/ nM tnn'J 

minute tubes, some I f 

larger than the rest. \ 

The fluid which exudes \Li^DiiVV'5^^ ^ 

from each of those at 

once hardens into a 

thread of almost mcon- ^ 

ceivable tenuity Every / 

line of tho web is ex- ^ / 

ceedingly complex, for ^ 

it consists of some 600 / » 

strand) woven 

together. Hard- ff j ‘ Mf 

ening takes I 

place much 

more quickly 'r < 

than if it were v','\y //jl 
in one piece, II// 

and it is also rnrrr '-—/ h 489. 

very much /( spinnerets 

stronger than it \ \l garden 

would otherwise )J spider 

be. And yet r. 

it fa 80 exoid- JhK’nncrrt 

inslv delicate spider ii— d loiKf.and 
lugiy uoin.»w ^ End joint of left, « smalUIlk tubes 
mat It IS very turned dowii b End of a middle apin* 
much finer than right, turned up neret /. Threads 
the most deU- (much enliuged, 

cate human hair. 

Makiag the Web. ^ 

The web of the garden T ^ 

spider, noted for its \%Sr-’ i « 

great beauty and regu- \ 4 

larity, is vertically dis- J v/ ? v ^ 

posed in a hedge or some 

other convenient place, / r 

often in the neighbour- j ] o 

hood of water, where j / 

flies and gnats abound I j 

The web is made by tlie / / ^ 

female. To begin with, ’ 

a roughly four-sided ,<, 0 ^ q, 

quadrangular framf w spidkb 


489. 

SPINNERETS 
OF GARDEN 
SPIDER 
I — fl J<roiit, 
h niKldle, and 
r hind splnnerpt 
II —d IaiKP,atid 
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frame, where the Other end is made fast. Ascend- 
ing to the middle (0) of this vertical thread, she 
attaches a new one and, ascending to the top 
of the frame, pulls it tight and Axes it at a 
suitable distance from the vertical one (F). 
There are now three completed radial threads, 
two of which are the upper and lower halves of 
the vertical line. The radial part of the web is 
completed in similar fashion. 

The numerous radiating threads which have 
now been made are next united by a spiral one 
(the first spiral), the formation of which takes 
place from within outwards. This flrst spiral 
is then gradually removed and replaced by a 
second spiral, which is of stioky character, and 
serves to entangle the prey. It starts on the 
outside of the web, but does not reach the centre, 

where a piece of 
^ ^ ^ & the first spiral is 

A f yV allowed to re- 

^ uffr >>N mam. It is here 

\ \\ that the 

\ W I ingenious weaver 

. I commonly sta- 

\ r ® tions herself and 

I patiently awaits 

, j expected 

» booty. In some 

® * cases, however, 

she lurks in the 

490 BBOraNlNO OF A OABDEN _ 

«. b, 0 , rf. J.mn.e , Vertical thnart 

/, k. Radial thieads o CeiiUt brations of a 

Special signal 
line ” enable her to toll when a victim has fallen 

into the toils. It must be added that the 

exigencies of the case usually involve more or 
less departure from th(* type described, especially 
m the outer part of 
the web 1 49S]. 

^ , The Legs of the 

^ ^ / legs of a spider do not 

^ all play the same part 

in the makmg of a 
^ ^ web The two first 

pairs are concerned 
with mamtainmg the 
^ projxjr distances be- 


construetod, the upp(*r « Climbing cia\4a 492. web of house spider (reduced) tween the threads as 


side being made first 
Toothed brletle 


[490]. Fixing the be- “naiie 

ginning of this thread (A) to a support, the 
spider crawls horizontally to a convenient 
distanoe, spinning as she goes, pulls it taut, 
and then attaches its 

other end. The other \ ~ 

three sides of the frame 

(B, C, D) are con- 

structed in a similar 

fashion. # P* ^ I 

The second or radial ^ y ^ 

part of the web, ar- 
ranged like the spokes 
of a wheel, next re- ^ 
oeives attention. Climbing to the middle of the 
upper side of the frame the spider fixes to this a 
thread (E) and drops down to lower side of the 
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<• Backdoor d Bandgralm *P'“* 

the last two pairs have 

a ff to do with weaving the 

g — — same, holdmg them 

~ — clear till attachment 
~ points are reached, and 
then secunng their 
1 1^4 fixation. When wo 

~ further remember that 

the spider climbs over 

. her web with ease and 

speed, and without 

M. WATER SPIDER doing it the least dam- 

a. Negt ft. Eggi age, we shall not be 

spider with sirtibubble ^sed to find that 

her feet are of peculiar construction. Each of 
them [491] bears a couple of comb-shaped climb- 
ing claws, extremely smooth so as to obviate 


404. WATER SPIDER 
a. Negt ft. E^ 
e. Spider with sir^ubble 



cMilIgtmeilfcwiliitJieweb. ]>uriiigthe 
tim Oamx^cftvwtMoo. theee are wotebteS by 
a strong conred '^walking claw." toothed 
hose of the latter helps in weaving, as does also a 
onrtouB toothed fafristie which is present. . 

Cobwebo* The webs of the common house 
•spider (Teffemtria tkmesUea), woven in some 
convenient comer [402], ccmsist 
of a horisontal net, the actual 
snare, and a covered lair at 
the back of this, where the 
owner can wait unseen. The 
lahr is provided with a back 
door or emergency exit. Grains 
of sand and similar substances 
are sometimes employed to 
weight down ihe web and keep 
it in proper position. 

Goaaamer. The floating 
lines of silk which drift through 
the air in spring and early 
autumn are often believed to 
be the work of a special kind 
of "gossamer spider." This, 
however, is not the case. Th^ 
are spun by young spiders of 
various species to serve as means 
of dispersal. The little aeronaut 
commences ot^rationa by stand- 
ing on some firm object, facing 
the wind, and spinning mooring- 
strands. The end of the abdomen is then 
turned up and a thread woven which streams 
out in the wind. When sufficiently long to 
support the weight of the spider the moorings 
are out and the little creature is wafttd away. 

Water Spiders. Among the inhabitants 
of ponds and ditches in this country is to be found 
the water spider 
{Argyrofuta aqua- 
tica\ which hunts 
down small crus- 
taceans but does 
not construct a 
web. For the pro- 
tection of the eggs 
a thimble-shaped 
nest is woven [494], 
moored by threads 
to stems or leaves, 
and smeared exter- 
nally with liquid 
silk to make it 
watertight. The 
nest is filled with 
air brought down 
from the surface oi 
the pond in succes- 
sive Inibbles adher- 
ing to the hairy 
bem of the spider. 

Hunter Spiders, 
construct no 
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One such type is the tarantula spider (Lyoom 
knrmUuia), which was onco supposed to lo 
virulently poisonous. Violent and prolonged 
exercise was proscribed as the only means of 
cure, and the dance known as a " tarantella " 
seems to have been invented to promote this. 
The clover trap-door spiders are widely 
di8tril)uted hunting spiders, 
noted for the neat way in which 
their underground dwellings are 
constructed. A cylindrical bur- 
row is dug out and lined with 
silk tapestry, intruders being 
exclud^ by means of a circular 
door. This is made of fmrticles 
of oorth cementtKi togethrT 
with silk, and provided with 
a strong hinge of the same 
material. A combined home, 
hirking-pla(*e, ivnd m«t is 
thus provided. 

Bir4-*pi4l0i*** ^<)nie of 
the tropical species arc of gigan- 
tic size compared with oui* 
native forms. Well known 
among them is the bird-spidei 
{Mygalf avictilaria) of South 
America, the hairy body of 
which is little short of threo 
inches in length [405]. Its 
prey consists of insects, other 
spiders, frogs, lizards, and even smidi birds. 

Courtahip and Mating. The male 
spider is relatively small and weak, whih* the 
female is apt to 1 h) savage, so much so that 
incautious advances on the part of a lover 
art' not infrequtmtly fatal to lum. The body 
of the deceased furnishes light refri'shmeiit. 

In many sjiecies the 
male is iK'autifuUy 
coloured, and exln* 
bits hiH (‘harms to 
Ix'st advantiige in 
the eourm'ol a weird 
sort of dan<M‘. 

Mitea and 
Ticks. ThttfdMin* 
mostly of verv 
small size*, and all 
three regions of th(« 
iKxly are fustnl 
together inUi an 
ovoid moss. Mitcm 
are terrestrial or 
aquatic [498]. Of 
the former the 
cht'ese -mite ( Tyro- 
ghf}»ktut itiro) is the 
ni o si; familiar. 
Many an* parasitic, 
some damaging cul- 


WXB OF OABDBir SFIDBB (BBDirC»D) 
(FhotppmptM tif Prof. B. H. Bentlef) 


many 

their 


A great 
webs, hut mvi 

__ mm^ly for lining their dwellings — whicii 
are commonly underground — or the construction 
of protective investments for the eg^. 8uch 
forma simply stalk their prey, seizing the 
viethns when near enough by a sudden spring. 


tivaied plants, such as goowdjcrries and currants, 
others mving rise to certain diseases of animals, 
particularly itch and mange. Ticks are some- 
what larger forms, which suck the blood of various 
mammals, and e ven attack human beings. They 
lierce the skin by means of their sharp pro- 
ois, and only let go when gorged with food. 
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GILL BEARERS 
KinA«cralMi. TheBe remarkable creatures 
live in shallow water on the western shores 
of the North Atlantic 
and Pacific, feeding 
chiefly upon marine 
worms llioy are the 
last survivors of a 
waning group, and in 
some 1 aspects resemble 
arachnids, though they 
breathe by means of 
gills and are also allied 
to the crustaceans The 
front part of th^ body 
(head and thorax) is 
covered with a strong 
semi • circular shield 
[498], on the upper side a Heajl shield b Tall sh 
of which the eyes are II has head shield n. 

situated. This 
region bears six 
pairs of limbs, 
corresponding 
tothochelicorae, 
pedipalps, and 
walking-legs of 
a scorpion or 
spider. Their 
bases surround 
the elongated 
mouth, and are 
roughened to 
servo as jaws 
The last pair 
aio used for 
digging 
The rings 
making up the 
abdomen are 
also fused to- i 
K e t h e r, pi o 
^tod by a 

. . . y a Shiflid h Alinnmpn nniYiAii H. 



497 TBILOBITES 
Hearl shield b Tail shield I has tail shield missing 
11 has head shield missing III is rolled up 



^tod by a 

® Shield b Abdomen 
Shiela above, ^ Tail spine d Digging leg 
and boarmcr a «• Abdominal limbs 


and boarmg a «• Abdominal limbs g Sid< 

t a il - spine 

vhich serves to right the 
animal if accidentally turn- 
ed on its back. There are 
plate-like abdommal limbs, 
on the upper surfaces of 
which delicate folds play 
the part of gills. 

Eurypterids and 
Trilobitea. These are 
iwo ancient groups of 
animals, long since extmot, 
but resembling the king- 
crabs m softie respects 
Many of the body nngs 
wore distinct. Some of the 
Eurypterids [505] were as 
much as 6 ft. long^for 
details see Gsoloqy. _ . u , « 

Trilobites [497], which (Miotographs by Pi 

came mto existence long before the Euryptmds, 
wore mostly of small size, Uie largest species not 
exceedmg a length of 1 ft There were dehcate 
3800 
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(Photographs by Professor B. H. Bentley) 


feelers on the head, and numerous dender forked 
limbs, some of those in front bemg modified into 
jaws. Eyes, sometimes of great size and com- 
plexity, were usually 
present, but some 
species were blmd. Cer- 
tain kmds were able to 
roll themselves up like 
hedgehogs when 
alarmed. 

Crustaceans. 

This large class of 
jomted-limbed animals 
includes lobsters, 
prawns, shrimp, crabs, 
and other familiar forms, 
the great bulk of which 
aio aquatic, though the 
I I iiM^i riiield miasing wood lice have Income 
** adaptedtoahfoonland. 

The body is 

clearly divided 
into rings, 
though those 
of the head are 
fused together, 
and this is 
more or less the 
case— m higher 
forms — for 
those which 
compose the 
thorax Limbs 
are borne on all 
three regions 
of the l5)dy. 
and are typi- 
cally forked, 
but in many 
mstanc cs the 
outer branch of 

™ the fork has 

rhoraxfAb been lost The 

Large feeler DARNaci ES head bears two 

ce of tail fin (rlduced) pauB of feelers 

Crustaceans 
commonly hatch out as frec- 
swimming larvae, more or 
less like the adult m 
form. 

Higher Crustaceans. 

In these the body is made 
up of 20 rings , 5, 8, and 7 
of which bi'long to head, 
thorax, and abdomen res- 
pectively There are two 
large copipound eyes, and 
the larval form is known as 
a zooBat distinguished by 
the possession of a large 
shidd covermg the front 
part of the Imy, and a 
slender, limbless abdomen 

a, ± ,«ru" 

eyed and (5) sessile-eyed forms. 

8talK«eyad Crustaceans. The lobsters, 
crabs, etc., included m this subdivision possess a 
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flinttg i^ield or carapace, belongi^ to the 
bead and thorax, all the rii^ of which are in- 
timateljr united into a solid mass. The homy 
covering of the body is more or lees strengthened 
by limy matter, so as to constitute a hard 

crust, whence the name crustacean (Latin 
ertcsto, a crust). This is unable to increase in 
size as the body grows, and is therefore cost off 
or moulted periodically. The lack of mobility 
in the front part of the body that results from 
toion is partly compensate by the stalked 
eyes, which can bo moved about to a consider- 
able extent. The members of the group are 
often Imown os the “ ten-footed ” cetaceans 
(Deoapoda)^ because there ore ten obvious limbs 
— the two groat pincers and four pairs of 
walking-legs — all belonging to the thorax. 

Large - tailed Decapods. These in- 
clude lobsters, crayfishes, prawns, and shrimps, 
all marine except the crayfish, which lives in 
rivers. It will be convenient to take the last- 
named as a type [ 499 ]. The large tail consists 
of seven segments, all bearing appendages 
except the last (tolson). 

Thcise are forked 
paddles (awimmerets), 
which constantly swing 
to and fro, keepng up a 
current of water useful 
for breathing purposes ; 
besides this they are 
uwxl to some extent in 
swimming (espc^cially in 
shrimps and prawns). 

The eggs of the female 
are attached to them, 
and are thus well pro- 
tected up to tlie time of 
hatching. 

The Swlmmeret. 

A swimmeret [507] con- 
sists of a short stalk, an 
outer branch, and an 
inner branch. In those 
borne by the last seg- 
ment but one the stalk is very stout, while the 
outer and inner branches are broadened into 
plates which, together with the telson, make up a 
powerful tail-fin. Swimming is effected Iry 
powerful downward movements of the 
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602. SWIMMING CRAB 

(abdomen), during which the tail fin is spread 
out to its fullest extent. By Uiis means the cray- 
fish is propelled rapidly backwards. Every 
time the tail is straightened in readiness for a 
downward stroke, the tail fin folds up, so as to 
reduce the resistance of the water as much as 
possible. The front part 
of the body, coverea by 
the carapace, is divided 
by a neck -groove into 
head and thorax. On 
either side of the latter 
is a chamber ciontaining 
a number of plume-like 
gills. They are covered 
by the side of the (;ara- 
|)aco and thus protected 
from injury. Tho pin- 
cers and walking-legs 
l>ome by the last five 
segments of the thorax 
have lost the outer 
Viranch si^en in the swim- 
'merets. These are pres- 
ent, however, in tiio tiiree 
pairs of ffioi-jaws [508] 
attached to the first 
throe segmonts of the 
thorax and helping to break up the food. Some of 
the gills are attached to the thoracic: appendages. 

Powerful Jaws. The last three of the 
five head segments Inar jaws [608], named, 
from bc^hind forwards, Me.v/md maxillm, fjrd 
m.axill(P, and mandihles. Tho last (which, like 
the first maxitls, have Icjst the outer brancdi) 
ivre extremc^ly powerful. An oval plate, the 
haler, is attached to the H€H;ond maxilla, and 
lies in the front of the gill cavity. Its constant 
movements help to k(W!p wati:r moving over th(5 
gills. Jaws and foot- jaws alike move from side 
to side. These biting structures ore supple- 
mented by a complex chewing arrangement, or 
gat^ir miU, eontatned within the stomach. This 
is pres€5nt in all the higher crustaceans. 

In front of the jaws are two pairs of forwardly- 
dirocted feelers {artUnw). The hinder pah* arc 
large and relatively long. They are chiefiy 
concerned with touch, and constantly describe 
sweeping movements. The small first feelers 
obviously forked, and have to do with liotb 
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the base of each. Thou|^ this is often described 
as an organ of hearing, its chief, and perhaps its 
only, use is to assist in maintaining the balance 
^ the body by acquainting the crayfish with its 
varying positions in space. The 
front end of the carapace tapers into 


extent from their numerous foes. Others are 
protected by a chevaux-de-frise of long, idit^ 
spines. Others, again, make themselves in- 
conspicuous by cultivating seaweeds or sponges 
^ on their backs. Sponges smell and 


a sharp spine, on eitlier side of which 
is a deep notch occupied by the 
stalked eye. ^ 

Relativea of tho Crayflah. 

The marine relatives of the crayfish J'V 
hatch out as larvae, but such an ^ ^ 
arrangement is unsuitable for life 
in rivers, for these would be unable 
to resist the current, by which they 
would be swept down to wn 

the sea to perish. Thecray- / IS 

fish that is just hatched ^ Sn 

closely resembles the aidult jr \ 

in appearance, and for 8om<‘ . , ^ Qrw 

time holds on to a swim- m H 

meret by means of its sharp |j 

pincers. Even when some- ^ || 

what further advanced it Sut ^ v 

receives a share of mater- 606. 

nal protection, sheltering buryi*tbmd 

under its mother’s tail on ^ j 

the approach of danger. v "jl 

Among other long-tailed ^ 

crustaceans the little iEsop ^ 

prawn (Hippolyte varians) % 

is of particular interest on ft f ^ 
account of the way in 607. 

which it is able to change swimmebbt 

colour for protective pur- 508 . jaws and 4 o,.wr and 
poses. A red, green, or foot-jaws ob c. inner biancu 
brown livery is assumed, crayfish y 
atjcording to the hue of the i, Mandibien 
seaweeds among which it H- First aitd , ^ 

lives. On the approach of iv.^v”&vi.*Fi!8t, 
night it changes to a beauti- Hocmni and* tiiirci ^ 

ful blue but the mining f^Sl.:4r.re?ri; {SH 
of this sunset eoloura- a. Baler 
tion is not fully understood. 

Some of the deep-sea prawns are blind. 
others possess enormous eyes, and many - JL 
emit a phosphorescent light. 

Short-tailed Decapods. These are wood-^us; 
the Crabs [502-41, in which a swimming habit ”* 

has been abandoned for a creeping 
one. The head and thorax are g ^ 

enonnously broadened out, while 
the insignificant and dwindled tail 
is tucked up on the under side of 
the body out of harm’s way. All ' ( 

Crustacea are scavengers, but the ^ 

erabs are notoriously so. Some of 
them have taken once more to ^ 

swimming, but not by means of the 511. sand-hofp 
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taste unpleasantly, besides which 
they are full of sharp spicules ; and 
hence, fishes and other enemies leave 
them alone. We also find a sort of 
comradeship between certain crabs 
and sea-anemones attached to their 
carapaces [see Plate facing page 
4081]. The anemone gets carried 
about and, therefore, has a better 
chance of secur- 
^ ,€ ing food, while 

^ its stinging 
powers go far to 
shield its mess- 
y mate against 

attack. 

Hermit Crabs. 

H Hermit crabs, which 

H are intermediate in 

\ /V character between or- 

Ir^ dinary crabs and the 

/>/ long-tailed lobster tribe, 

r possess father long tails, 

606. ZOABA LARVA which are, however, 

a. ShjeUl b. SpiDos quite soft and defence- 
..AiSiomeli >««s. To make up for 

this the empty 

« shell of a sea- 
snail is used as 
a covering. 
Upon this shell 
one or more 
sea - anemones 
arc usually 
found as mess- 
mates |5011. 
From time to 
time a new and 
larger shell has 
to be appro- 
0. NAUPUUS LARVA priated, to 
Unpaired uye fr. First which the 
•lei8 c. Second feelers hermit crab 
d. Mandiblei . , . 

18 said to 

transfer his guardian anemones. 
Seasile-eyed Crustaceans. 

These are much smaller than the 
stalk-eye*d forms, and only the front 
ring of the thorax is fused with the 
hoi^. There is but a single pair of 
foot-jaws, and the eggs are sheltered 
in a brood-chamber on the under side 
of the thorax. The eyes are devoid 
of stalks, giving origin to the name 


610. NAUPUUS LARVA 
a. Unpaired eye b. First 
feeleiii e. Second feelers 
d. Mandiblei 


tail, whidi has been too much re- a. Head and first ring of thorax sessile. Thq group includes (a) 

duoed to be again enlarged for the Abdomen*” /**^e*^« sand-hoppers and their allies, and 

performance of its original function, and /.second feelers a. Foot- (h) slaters. Thcb sand-hoppers and 

The swimming oigans p-re here the 1*^* ,**aPP^’ ,“?,?• their allies are distinguished by tho 

last pair of wwking-legs, which strongly bent body, \^ch is g^tly 

have been broadened out into paddles [502]. . flattened from side to side [511]. This not 

Protective Colouration. Most crabe only promotes swimming, but also springing, 
are so coloured and marked as to resemble the latter movement being particularly o& 
their surroundings, thus escaping to some vious in the common sand-hopper {Talitras\ 
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which lives m vast numbers between tide-marks 
on sandy shores 

SUOera are creepmg forms i^ith the body 
greatly flattened from above down\iards This 
IS an adaptation to life in chinks and crevices 
Sea-slaters are common on locky coasts, but 
the most famihar 
crustacean of the 
kind IB the land- 
slater or wood- 
louse (Ontscvs) 

[509], common 
under stones and 
in the crannies of 
old masonry An 
allied form pro- 
tects itself by roll- 
ing up The water- 
slater or w ater 
wood louse (Asel 
Iva) 18 a common 
inhabitant of our 
ponds but its 
numbers arc kept 
down by many 
enemies, of which 
the w atc'r spidc»r 
IS one of the most 
formidable 

Lower Crus- 
teceana. These 

are generally small fcJer 'rf SecoiuHniu 
or even minute I*’”!**’ / A*Mioiutn 
creatures, present 
mg ( onsiderable \ariation aw to thc» number of 
the rings and the c harac tc i of the appendages 
They commonly hatch out in the form of an 
oval nauphuA larva [610] which lows itself 
about by means of the fi'cleiH and mandibles, 
the only appendage w present at Ihiw wtage 
There is a simple unpaired (*yt 

Gill • footed Crustaceans {lirandno 
poda) These forms arc so name cl because 
their flattened limbs au used foi bi eat lung 
purposes and beai the 
gills when these are pre s 
ent One of the laigcst 
and most interesting 
types, Apus [513], lives 
m stagnant w atei , and 
poBsesses a large head 
shield which covers the 
chief part of the body 
It rows itself along on 
its back by means of 
the numerous leaf like 
aff^ndages, to whu h soft, 
pear-shaped gills are attac he d Afue h moi 
spec lahsed are the water Heas one kind ol which 
(Daphma) [512] abounds in ponds and is a ' ei^ 
attractive object for the micioscope The tail is 
greatly reduced, and most of the bod> is * iie hise d 
in a large bivalve shu'ld The enormous second 
feelers are used as oais Between the shell 
and upper side of the body is a spa t used as 
a brooo-pouch Mussel -shrimps {OdtcKma) aie 
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small forms which swarm in lioth salt and fresh 
water The tail is reduced to an msignificant 
stump, as m watei fleas, and the whole of tlie 
body 18 enclosed m a strong bivalve shell [514] 
Borh»footed Crustacesns (Copepoda) 
These minute creatUK'w lue m vast shoals at 
the surface of both salt and fiesh watei, and 
receive their name fiom the' shape of most of 
then appendages The ft male' of a eommon 
freshwater specie's ((’i/c / ojks) is he it' tiguu'd 
canying hei pan of egg bags |615] Tlu' umUih 
aic' the ehitf swim 
ming organs The^ 
meinbc'is of this 
group are of git'at 
economic imjioit 
ante, for tlu'^ 
iiguit'laige'ly m the 
food of hshc's, sue h 
os, foi examjile, 
thelmrimg Many 
of them are 
strangely moditicHi pat a 
site's, which may be foimd 
adlit'rmg to the skin oi 
gills of fishes 

Barnacles ((Vrt 
prdifl) In those' mem 
Im'ih of this group that are 
not paiasitie most of tlii' 
thorae le limbw an* nieKli 
lied into long, hair> lila 
nu'nts, used as a swe'C'p 
net to piodute food The 
tail IS reduced and the liody hxed by its he ad end 
to some hrm object as wc'll seen m the shio 
barnae U' (Ap/kis) |600) and the' atom bamat u' 
(lialanuH) which abounds on lotks bc'twe'en tide 
inaikw In both eases the body m prote*<ted by 
shelly ])l«.ttH, but the 
he ad e'nel of a ship barnae le 
IK drawn eiiit into a long, 
fleshy •'talk 

Many (iiatuies of the 
liaTnaele kmel are degen 
(late paiasitts a leiiiark 
able' example' being 

aflorde d bv a foim known 
as S(t((ulm4i of which tlie 
adult female will be 
ioiind aituhc'd to the 
unde I Hide of a crabs tail 
1 6041 Disweftion shows 

that this IS pioviderj with 
bi an e h 1 ng root like 
till e ads, which ramifv 
within the body of the 
unfortunate host, extending even into the 
tijw of Its legs These absoib the blood eif 
the erab to serve eis iKMiriMhinent loi the 
parisite, which is little moie than an eggpiei 
due mg arrange nmnl The life hmtoiy, howe vei , 
pio\es that Sace^ulina ually be lemgs to the 
lower Crustacea, for it hatches out as a typaal 
naupiius larva 

ConHnued 
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men and a knowledge of the relative values 
of things. 

A Daily Record of Good and Evil. 

The whole world is alive to the journalist who 
knows his work and is in earnest. The well- 
edited newspaper has no “ dull ” season. Until 
the world is a dead place, until men cease to 
think and roses cease to smell sweet, life can 
never bo dull to the journalist worthy of the 
name. What, indeed, could be more full of 
tragic interest than the very despair of a man 
whose business it is to watch and interpret 
the ceaseless panorama of human life who 
wakes up in the morning to sec the panorama 
passing before him, but finds that “ there is 
nothing to write about to-day ” ? 

It can hardly be too strongly insisted upon 
that the business of the journalist is to give to 
the world a living record of its own life. It is, 
no doubt, to be insisted upon as strongly that 
there are things with which the journalist has 
no business ; but, on the whole, the editors 
know their business a great deal better than 
the critics who would teach them. It can never 
be admitted that the journalist should give only 
the better side of things. Those mistaken ad- 
vocates of a journalism which would whitewash 
the world, of newspapers which would fill our 
minds with only pleasant things, have never 
surely thought for an hour of what would happen 
if they had their way. 

Let them imagine a patient who hides hii 
symptoms from the doctor, a witness who keeps 
back vital evidence from the judge. If the power 
of journalism is anything but a phrase, it depends 
chiefly or entirely upon its unique capacity for 
the exposure of wrong, the denunciation of 
tyranny and injustice. Could we ever hope that 
the world will one day be free from the curse of 
drink, if it were not that its trail of sin and ruin 
runs across every paper we pick up ? C’ould 
we ever hope that the poor will one day be 
better housed, if it wore not that every 
paper in the land is filled with pictures of the 
wretchedness of their lives ? 

Should an Editor Lose His Temper 7 
Let us remember, in making up our minds to 
be journalists, that a simple picture of some- 
thing that exists is sometimes the most power- 
ful agent in improvement that could Iw* devised. 
There are times, no doubt, when gfiod men 
feel that journalism oversteps its hound.-!, when 
good men would welcome for an hour a censor- 
ship of the Press. But only for an hour. And, 
after all, it is still true in these times that the 
newspapers reflect the nation. Shall we, then, 
censor a nation ? 

“ Is it not, then,” the young journalist may 
ask, “ the greatest tribute that can be paid to the 
newspapers to say that they reflect the nation 
in its hot temper as well as in calm, in its 
worthiest and least worthy moods ? ” 

That would be so if there did not enter into 
our consideration here a vital function of jour- 
nalism which the true journalist can never 
overlook. It may be held, no doubt, that 
the entire business of the journalist is to 
hold a mirror up to nature and reveal the 


world unto itself. That, once upon a time, 
was true in practice ; in theory it is admirable 
still. Nothing could be better for an ideal 
world. 

But there has grown up in the development of 
civilised societies a mysterious and wonderful 
factor, with the full authority of a judge but 
without the limits of a court, sitting in judgment 
over the good and evil of society at large. It is 
the newspaper editor. 

And, just as a judge, though the system of 
justice he administers reflects the average sense 
of justice in the nation, is still calm and unmoved 
by the excitement in the streets outside, so tho 
editor, though his paper reflects the average 
mind of his reader, should be unmoved by the 
wild temper of the mob and calm amid the dan- 
gerous excitements of the hour. Who claims 
tlie right to sit in judgment must prove himself 
fit to be a judge. 

It is one of the misfortunes of journalism 
as a profession that it attracts to itself men 
who enter upon it as a career without an 
adequate sense of its importance or a serious 
consideration of their fitness for it. Tho very 
democracy of journalism, which is one of its 
finest characteristics, is in some senses a draw- 
back. Ooen to all, demanding no tools but a 
pencil and a notebook, with ])lca8ant prospects 
and “ quick returns,” it is not surprising that the* 
newspaper offices are besieged, and that the 
number of people who would gain a livelihood by 
writing for magazines is ever increasing. 

Character and Learning, At the very 
outset of our course let us emphasise tor our- 
selves a truth of tho utmost importance. 

The road to success in journalism is as free as 
the air we breathe, and wc need have no sym- 
pathy with any attempt to inak(‘ journalism a 
close profession — a profession, that is, which 
can be entered only through a particular door, 
under particular conditions. It is as impossible 
as perpetual motion, and we need not con- 
sider it. 

But it does not follow from tliis that there is 
no need to guard llie gates of journalism, as 
th(‘ gat(‘s of medicine, of law, of banking are 
guarded — though not by tlic same means or 
for tho same reason. There is no way of (‘losing 
the door of journalism against a man who has 
not passed an examination. Su(‘h a rule as that, 
if any means existed of enforcing it, would have 
made it impossible for Herbert Spencer to bi* a 
journalist, for Herbert Sjiencer never passc‘d an 
examination. A journalist without edication 
is, of course, a controdielion in t()rms, but edu- 
cation is not the only, not even the chief, 
bulwark of journalism. Jt is not learning but 
character tJiat should be the decisive factor in 
th(» choice of journalism as a profession, and it is 
a thousand pities that men should enter upon a 
car(*er so full of responsibility, so fraught with 
po.ssibility, without realising that journalism is 
something more than a wage-earning career. 
The surgeon who would perform an operation 
solely for his fee, without any regard to the value 
of life, and the journalist wlio writes purely for 
his pay, without any regard to the effect of his 
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writing, belong to the same category of men who 
are unworthy of their profession. 

The Two Kinds of Journaliam, It 

does not follow, of course, that a journalist 
must have settled convictions about everything 
on which he writes. That cannot be, nor is it 
necessary. Journalism is of two kinds — ^Ihe 
kind that interesta and the kind that influences. 
We may compare them with a public meeting 
called together in support of a particular cause, 
and a lecture by, say, Mark Twain, whose 
business it is only to entertain. 

It would be impossible to defend a speaker 
at a public meeting who moved a resolution in 
favour of a cause to which he was in his heart 
opposed, but Mark Twain need not be called 
upon to defend anything he insiy choose to do or 
say in entertaining his audience. Wc do not ask 
Mr. Pett Kidgc to siibstantiate his stat<‘ments, 
or whether he really believes in them, and, 
happily, the vast majority of journeJists are in 
th(‘ same position It is not necessary for them 
to perjure th(*ir conscience, or to sink in the 
esteem of sincere men, by writing what they 
do not believe. 

There is another side to journalism, however — 
a journalism which shapes opinion ; and here 
it cannot be too emphatically said that the first 
of all considi'rations is sincerity. The journalist 
who car(‘h for the honour of nis calling cannot 
have too great a contempt for the man who 
brings his mind but not his soul into work which 
should engag(* his deepest feelings and enlist 
his warmest sympathies. There are hundreds 
of men, it is true, who make a living to-day by 
writing in absolute contradiction of what they 
wrote yesterday, and who will make a living 
to-morrow in denying what they wrote to-day 
Hut we need not call them journalists. We could 
much more correctly describe them as men who 
will sell their souls to anybody who w ill pay for 
(himi, or, in the slang of the profession, penny- 
a-liners, or sixjience-a-liners, according to the 
profit their empty phrases bring them 

We may have opportunities of discussing this 
matter again ; but to the candidate for journalism 
it may be said here that the man wlio will write 
anything he is paid to write never rises high 
in his profession. The great names in journalism 
are those of men who wrote finely because they 
felt doi'ply, who wrote interestingly because 
th^ thought earnestly. 

Factors in the Journalist's Success. 
It is not/ an exacting demand that journalism 
makes upon those who would enter its ranks. 
The man who brings to it a clear head, plenty of 
common sense, good judgment, a sense of the 
relative importance of things, an average experi- 
ence of the world, a capacity for interesting 
himself in anythulg and of expressing himself 
plainly, is likely to succeed. 

He must have many otlier things, of course, 
which we shall have to consider in their place. 
He must never, for example, admit to himself 
that the age of wonder is past. A sense of 


wonder — ^with something in it of the surprise 
of the little ohil^ that the stars do not fall from 
the sky, with something of the terror of the 
child at the approach of an express train — is a 
gift for which a journalist can never be grateful 
enough. 

Is it a commonplace thing to you that from 
three seeds should come in one placo a violet, in 
another a wallflower, in another a turnip ? Can 
you take down the telephone or send off a tele- 
gram without feeling that you arc touching a 
miracle ? Can you stand in a country lane at 
night watching a well -lighted train flying through 
space with a thousand lives without feeling that 
here is something of the majesty of man and 
th(‘ supremacy of mind ? Are these things 
nothing to you ? Then there may be somewhere 
in journalism a bushed und(*r which you can sit 
and hide the little glimmering of light that may 
come from your mind ; but you will not do great 
things. You will not intere^ a vast public in 
the things that happen day^)y day. You will 
not take up a book and make it live. You will 
not think of a great idea and 8tB.mp it on the 
minds of your fellow-men. You will not carry 
your reader into a world of imagination where 
you can do with him as you will. 

You will find that the world prefers some- 
body else’s poetry to your prose, and you will 
wish, when it is too late, that you liad earned 
your bread at something w'anting less of thc‘ 
wonder of a little child than journalism. 

The Journalist at Home. One other 
nsjH*ct of journalism may be touched upon here 
The journalist leads the intense life that eats 
into the souls of men,” and one point may be 
insisted upon as of great practical importance to 
the candidate for this strenuous career. It is liis 
domeslio atmosphere. If it is the attraction of 
journalism that all life comes into it, it is also 
its great temptation. For, obviously, if all that 
happens comes into his work, nothing that 
hs/ppens will take him away from his work. The 
power of detachment, the capacity for putting 
things out of his mind, is of the greatest value to 
him, and no means of reaching this happy state 
of being is so easy and so simple as sympathy at 
home. Cong(*nial friends, sympathetic interests, 
})lea8iirable associations, are half of life to us all, 
but to the journalist wrapped up in his work 
they are much more than half the secret of a 
happy life. The accountant goes home from 
his office le^aving the world of figures liehind. 
The merchant finds at home a welcome pause 
from the stress of business. The shopkeeper 
puts his work out of his life when he puts up nis 
shutters. The journalist takes his work home, 
for his work is life itself. 

Of profound importance to him, therefore, are 
the atmosphere in which he lives and moves 
and the hours which belong to' himself, when, if 
ever, he may be encouraged to detach himself 
from the things that possess him, to change his 
mental vision, to find fresh stimulus in the 
affections and pleasures of home. 


Continued 
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D ACK-and-pinion railways have been devised 
^ to overcome the difficulties arising from the 
slipping of the engine wheels when excessively 
steep gradients have to be negotiated in moun- 
tainous districts, and are therefore much used 
in Switzerland and similar countries for tourist 
and other traffic. To understand the necessity 
for some such contrivance as a rack-and-pinion 
arrangement, which adds considerably to the 
cost and maintenance of a line, the following law 
of physics must be recognised. 

If on a fixed horizontal plate of smooth steel 
a steel rod be pressed vertically, no action will 
take place ; but if the top of the rod be gradually 
inclined, with the pres- 
/ sure continued, until a 
y ‘ / certain angle between 

/ / the rod and plate is 

/ reached, the point of 

^ the rod touching the 

/ plate will slip. This 

/ ^ angle is called the 

/ of rej)ose or friction, 

^ and it differs according 

to the nature of the materials in contact. In 
this position [1] the friction, represented by 
A B, is insufficient to counteract the resultant 
A D [see Mechanical Engineering, page 411] 
of the jiressure A 0, and its reaction A E. 

Weights on Inclined Planes. Now, 
let us apjily this to railway traction, the 
smooth plate being the surface of the rail and 
the rod being the wheel at its contact with it. 
Let H G [2] represent the surface of a level 

railway. Let the length F J 

represent the weight on the tf. ^ 

driving wheel of an engine, and 
FH the force which it is able / 

to exert — that is to say, the - 

pressure — in the direction F H, / 

at the circumference of the wheel, / 

which, if resisted by friction at / 

F, represents the tractive force 
drawing the train, including the 
engine, in the direction F G. The resultant of 
the pressure of gravity, FJ, and the resistance, 
F H, of the train is F 1, which, produced towards 
K, makes an angle G F K with the rail H G. 
Now, let G F L be the angle of friction of steel 
on steel. It is evident, therefore, that if this 
angle be less than G F K, the steel of the wheel 
will not slip on the steel of the rail, and the 
* force of the engine, exerted against the surface 
of the rail at F, will be utilised in drawing the 
train in the direction F G. 

Two conditions may vary the angle GFK 
and destroy this result. First, the weight F J 
on the driving wheel may be reduced to, say. 


FJ', when the angle GFK' will bo less than 
G F L, and the engine will become powerless 
through the wheel slipping ; and, secondly, the 
railway may ho. on such an incline as m h g 
[3], when the resistance of gravity is added to 
jk such an extent to 

I / ^ the ordinary re- 

/ sistance of the 

/ train that the 

resultant / », pro- 
//^ duced towards A*, 

^ forms a smaller 

angle witli lig 
yy \. than the angle of 

y^ / y^ 3 friction g f I, and 

Iv^ /y^ the engine loses 

^ its hold, or pwr- 

^ . c/uzae, as it is 

called. Hence, 
given the weight on the driving wheel and that 
of the train, there is a limit to the grades on which 
ordinary adhesion suffices. By multiplying the 
driving wheels by coupling them, and by the loco- 
motive carrying its own supply of water with it, 
in the form of what is called a tank engine, so 
that more of its weight may be utilised on the 
drivers, and fj and the angle gfk increased 
accordingly, the limiting grade may be extended. 

Locomotive Power on 
A ^ an Incline. The angle of 
/ / friction of steel on steel varies 

/ / y^> with the weather, the greasy 

/ / state of the rails affecting it; 

/ / y' ft but, ordinarily, an engine, even 

yy' ^ with all wheels coupled, can 

G seldom take any reasonable load 

iK'yond its own weight up steeper 
grades than 1 in 15 to 1 in 20, according to 
climate. To oviTcomt* such inclines, either 
the locomotive must lie abandoned altogether 
and the tractive force supplied by means of a 
rope and stationary engine*, such as in the cable 
trams, or some special contrivance must be 
devised to enable the locomotive to retain its 
hold on the rails. Such a special contrivance is 
the rack and pinion. 

The Rack and Pinion. This invention 
of the rack and pinion is almost contem- 
poraneous with the introduction of the loco- 
motive. Trevethick’s engine of 1804, owing to 
its lightness ns well as its want of power, could 
not ai) much more than draw itself. Blenkinsop, 
in 1811, not seeing that additional weight would 
overcome the want of adhesion, provided tht* 
rail with teeth, and the driving wheel itself 
was the pinion, and by this his 5-ton engine 
succeeded in drawing 90 tons at 4 miles per 
hour on the level, and 15 tons up 1 in 20. 
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George Stephenson, however, with his keen 
insight, perceived that as the great additional 
power which he foresaw as inevitable would, 
with its heavier boiler, cylinders, and all parts, 
provide sufficient weight for adhesion, reverted 
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to the simj)Jcr plan of the smooth rail, and 
subsequent designers increased it by coupling 
the wheels. Tlit* advance of railways necessi- 
tating steep grades revived the idea of 
Blcn&nsop, and Cathcart, in 1 847, devised a rack 
line in America, but placed it between the rails 
with a special pinion worked by the engine, the 
outer rails and wheels merely bearing the load, 
and all subsequent improvements nave been 
based on this principle. 

The next development was by Silvester 
Marsh, in 1858, in America, and by Riggenbach, 
in Europe, in 1871. In these an apparatus of 
ladder-like form was fixed in the centre between 
the rails, on the rungs of which corresponding 
protuberances on a centrally driven wheel 
acted. The Mount Washington line on Marsh’s 
plan, and the Righi [8], the Wengern Alp, Brunig, 
Appenzel, and others in Europe on the Riggen- 
bach system are examples. Roman Abt, how- 
ever, who might b<‘ called the George Stephenson 
of the rack railway, introduced, in 1882, the 
system called by his name and now almost 
universally followed. Fig. 7 shows a portion of 
the Zermatt railway on the Abt system. 

Present Day Practice. In the Abt 
system the ordinary adhesion principle, as 
the smooth wheel on the smooth rail is called. 


the train is on the level or on an easy graded 
part of the line where there is no rack, the 
pinion engine is stopped, the adhesion one 
doing all the work ; but when the steep rack 
portion is reached, the whole power of both 
engines is put into action. It may be asked, 
How can adhesion help in this case ? But it must 
be remembered that the boundary between 
the grading on which adhesion alone is sufficient 
and that on which it tails is very indeterminate, 
depending on two factors — the condition of the 
rails and the load to be drawn. For example, 
on a fairly steep grade an engine may be able 
to draw itself up by simple adhesion, but fail 
to draw a load behind it in addition, and to 
the former extent the rack mechanism of the 
engine is relieved of its work. It has also been 
found by experience that, should the adhesion 
diiving wheel be inclined to slip, the action of 
the pinion and rack not only prevents any 
running back, which would increase the ten- 
dency, but by impelling the engine forward 
causes the aclhesion wheel to bite on a new 
place, and thus regain its purchase. 

A German Mountain Railway. The 

llartz Mountain railway, in Germany, which 
has a heavy goods and passenger traffic, is 
one of the most notable examples of the Abt 
system, and, with some slight modifications, a 
description of it will seive tor all. The line, 
though making a considerable aggregate ascent, 
is uneven, having many comparatively easy 
grades in its length of 19 miles, 4J miles made 
up of several separate short lengths l>eing 
provided witli the rack. The steepest gradt* on 
the adhesion part is 1 in 40, and on the rack 
portion 1 in 16'67» the sharpest curves being 
b chains and 12J chains radius on each res- 
pectively. The permanent way, which is on 
the standard gauge, 4 ft. 8j in., consists of 
steel rails weighing (>0^ lb. per yard, laid on 
steel sleepers of about 90 lb. weight each and 
2 ft. 10| in. apart from centre to centre. The 
rack is of three steel bars, each 4*33 in. deep and 
0*79 in. thick, and these are separated from 
each other by a distance of r3() in. The rack 
bars, which are suitably fixed to the steel 
sleepers are what is ('ailed staggered — that is to 
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and the rack-and-pinion S 3 rstem are combined 
in one engine, one pair of cylinders working 
the driving wheels on the ordinary smooth rails, 
which carry the weight, and another pair 
actuating the pinions [^, which engage with the 
rack lietween the rails. By this method, when 
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say, the teeth on one bar are not opposite to 
those on the one next to it, but ore one-third 
of a tooth space in advance of them. In the 
pitch-line the teeth and spaces on each bar 
measure 2'36 in. [5]. The top of the rack is 
21 in. over the rail level. 
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With regard to the pinions on the engine, 
there are two sets, one behind the other, each 
consisting of three discs at the same ^stance 
apart, 1*36 in., as that of the rack-bars, so as to 
engage with the latter. Their teeth are also 
staggered in such a manner that fresh cogs 
are being continually engaged, and there are 
always nine teeth in contact with the rack. 
By this arrangement [ 4 ] great smoothness in 
running is attained. 

Enteriag the Rack. The transitions 
from the adhesion to the rack portions are 
not confined to where stoppages at stations 
occur, hence a device is necessary so that the 
engine, with its train, can run on easily from 
the former to the latter, without stopping. 

The entry on the rack is by means of a straight 
triple rack-tongue [8], about 10 ft. long, sup- 
ported on pairs of volute springs, based on a 
longitudinal sleeper in a pit, so as to admit of 
the vertical depression of the tongue if the 
teeth of the pinions should not engage per- 
fectly on approach, and ride upon the teeth of 
the tongue-rack. The tongue is hinged at the 
end whore it joins with the ordinary rack, and 
is tapered, as to its depth, at the other end, so 
as to facilitate the entry. 

The steam is shut off from the pinion 
machinery on those lengths vhere the rack is 
not laid ; but when approaching it the regulator 
of the pinion maohineiy is sliglitly opened so as 
to cause the pinions to r<*volve slowl,>, and 
enable them, as they ride on to the tongue, to 
engage the teeth of the tongue-rack without 
concussion. As soon as this is effected the 
regulator is fully opened, vhen the })inions take 
their fair sliare of the work in the ascent. As 
tb<’ engine is placed at the rear of the train in 
the ascent, the rack extends on to the adjoining 
lower adhesion length to the maximum length 
of the train, as otluTwise the engine would 
not get the help of the rack when a portion of 
its train ahead is on the incline. Similarly, ilw? 
rack is extended to some distanci* lieyond tJie 
top of the incline, so that the engine, which 
leads in the descent, may have its pinions 
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safely geared into the rack before the actual 
descent is bagun. 

The Locomotives. The engines are of 
the tank typo, working without turning. The 
three axles of the adliosion wheels, 4 ft. 1 J in. 
in diameter, which are in front of tlie firebox, 
are coupl(*d. In addition there ii^ a fourth pair 
of wheels on a Bissol truck under the footplate. 
The pair of cylinders working the adhesion 
drivers is outside ; those driving the pinions are 
inside. Each pair has separate steam-pipes from 
th(‘ same boiler, and has indej>end<‘nt action. 
The two sets of pinions, which are 22*56 in. in 
diameter, are coupled, the roar one being the 
driver. 

* The toothed gearing is supported by an entirely 
se])arate tram(‘ r<‘sting on tlie leading and trailing 
driving axles of the adlu^sion wheels, so that th(‘ 
grip of the pinions is in no way affected by tlie 
play of tht* s))rings, and this inside frame is 
lifted from time to time to allow for tin* wear 
of the adlu'sion- wheel tyr(*H. 

The total weight of the ( iigine in working order 
is 55 tons, and the maximum gross load b(*hinil 
the engine is 137 tons. The ordinary load, 
however, is much loss, and the coal 
consumption is about 50 lb. per 
train mile. 

'I’h(‘ wear of the pinion teeth, 
of cours(‘, is much grcat(‘r than 
that of the rack-bar tectli, as each 
one of the former has a contact lor 
every revolution, while each of th(* 
latter has only two contacts for tJie 
passage of each train. The pinion 
discs are takim of? from time* to turn* 
and reversed, so that each side of 
the teeth may w(‘ar evenly. 

Brakes and Points. There 
are four brakes on the (‘ngin<‘, tw'o 
hand-brakes, one acting on the tyri^s 
of the wheels in the ordinary way, 
and the other on grooved discs on 
each of the pinion shafts, which 
. latter are, of course, effective only 
on the rack lengths. The other 
two are compressed-air brakes, one 
3815 
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acting on the adhesion mechanism, and the 
other on the pinions, and they operate by 
preventing the tree escape of the air from the 
cylinders, thus using the compressed ' air in 
retarding the progress of the engine. The two 



where good hardwood timber is easily procur- 
able, the latter is found to be sufficient. There 
are several Abt lines in which the grade is as 
steep as 1 in 4. 

Other Syeteme. In the “ Locher ” system, 
invented in 1886, and used 
in the steep tourist line up 
to the summit of Mount 
Pilatus, in Switzerland, the 
rack is of a different form. 
There is a longitudinal 
steel sleeper in the centre 
on which is mounted two 
racks, projecting outwards 
laterally from a central 
vertical rib. The pinions 
locomotive, 
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hand-brakes arc used for shunting pui*poses, 
while the latter two arc for the dc'seent. By 
Uic (Jovernment regulations, half of the vehicles 
besides the above must be provided with brakes, 
but those are not required, as a rule, to control 
the train, the* engine brakes being sufficient. 

On the Hartz line there are no points and 
crossings on the rack length, hence these are 
ol the ordinary description, but on other Abt 
rack lines tliey are made of tlic typo shown in 9, 
which fully explains the movement of the 
switches of the rack in harmony with those of 
the bearing rails, the rack being here reduced 
for simplicity to a singU' bar. 

Speed. As to speed, the trains take from 

1 hour 5() minutes to 2 hours 20 minutes on the 
ascending journey, and from 1 hour 44 minutes to 

2 hours 20 minutes descimding, to do the 1 9 miles, 
the ordinary speed on the rack being 
about 4 miles per hour. On the* Nilghiri 

Abt line in India a much higher speed is 
attained on tlu* rack. The traffic is com- 
paratively heavy on the Hartz railway, 
and on many of the 42 lines on different 
gauges in all parts of the world which 
now exist on the Abt system two rack- 
bars are found to be sufficient. Having 
the racks and pinions duplicated or 
triplicated, as in tlie Abt system, affords 
a good guarantee of safety in case of the break- 
age of a tooth. In fact, such a thing is not 
known to have happened. 

Steel sleepers are generally used in order that, 
through their stiffness, the relative levels of the 
rail and rack should be well maintained; but 
on the Nilghiri line in India, and in other places 
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which are in hori- 
zontal pairs, en- 
gage with these, 
grqiping the rack 
between them. 
The maximum 
grade is as much 
as 1 m 2-08. 

The Strub rack, 
invent(‘d in 1896, 
rev(*rt8 to the 
vertical type. It 
is being used on 
the Jungfrau 
metre gauge elec- 


tric line, and is of very heavy construction. Tt 
was considered that, as so much of this railw'ay 
was situated at a great elevation above the snow 
line, and was diffieult of access for maintenance, a 
special heavy form of rack was required, and 
also on account of the severity of the grade, 
much of it being as steep as 1 in 4. As only 
about 100 days of summer tourist traffic in 
the year were available for working, heavy 
loads for such a grade were, therefore, to be 
expected as concentrated within that period, 
and a strong rack was consequently necessary. 
The line is about 7J miles long, and the greatei 
portion of the upper part is placed underground 
in tunnel, to avoid in- 
jury and intorru})tion to 
traffic from avalanches. 

A lift from the 
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terminus, which is underground at 13,425 ft 
above sea-level, will take the passengers to the 
mmmit of the mountain. 

Details of the Strub Rack. The rack, 
which is single, is fixed centrally on heavy 
hollow steel sleepers 6*91 ft. long, 9^^ in. wide, 
and in. deep, 3 ft. 3|in. apart, centre to 
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centre, and weighing 81*57 lb. each. The rack 
[10 and 11] is in. deep, and 2f in. wide at 
the top, narrowing downwards to suit the grip 
brakes employed. Its tensile strength is 28*57 
tons per square inch, and it weighs 08*55 lb. 
per yarfl. 

The train is composed of a compound vehicle 
comprising an electric motor carrying 30 pas- 
sengers, and another car with 50 passengers, 
the whole weighing alx)ut 20 tons. The motor, 
as well as the electric installaticn of this line, is 
Inferred to in courses of Electricity. 

The brakes are of the shape of a ^ 

forceps, worked by hand from the I 

floor of the vehicles, and their action v 

can be fully understood from 12. *7^ \ 

When not closed on to the rack for r ^ 
actual braking, the jaws of the brake . Vu 
project under the head of the raek so ^ 

as to prevt*nt derailment should the 
vehicle tend to rise from any obstrue- 
t ion on the lige or other cause. They 
also prevent the side-slipping of tlu* 
pinion. 

,In the excessively steep line's, it is J 

loiind necessary to anchor the road— (7/7^/ 
th\t is to say, to drive piles down at 


rule being possible. However, the advantages 
and otherwise of each alternative may be 
briefly shown. 

Respective Advantages. First, as to 
the adhesion line. This has the advantage of 
involving no departure from the usual typo 
of permanent way and engine proj)er to the 
rt'st of the line, the latter running through 
the whole length; and though by the Abt 
combination engine this could bo done, yet it 
the rack forms only a small jwrtion of the whole 
^ ^ railway the pinion mechanism would 

’ : be largely unemployed. If the raek 

i engines were limited to the short -rack 
^ . incline, unless there were a very larg(‘ 

. traffic they would bo probably often 
' standing idle waiting for traffic. 
^ ' Secondly, as to the rack ; the cost of 

construction, apart from the rack, 
would lx* less, not only l)eeause Uie 
; liru' would Iw shorter, but Uicnuse, 
; being less limited as to grade, greater 
•’ choice of alignment ie optm to the 
: surveyor wlien locating it. Again, 

V ' the (‘onstriiotion and maintenance of 


toiind necessary to anchor the road — O/TZ / ) '^'n, 7y777T)k ^ the permanent way, though heavier 

th\t is to say, to drive piles down at mile for mile, might lie much l(*ss, 

iutc^rvals at the low'cr side of the «cction of strub t>wing to the shorter length, and, apart 
sleeper, otherwise the combin<‘d eflort rack from the pinion mechanism, the* wear 


of the steep slope, the vibration, and 
the pressure of the pinions would cause the whole 
permanent way to shift gradually downwards, dis- 
torting itself at the curves. In the very steep 
tourist lines 

in 8witzcr- ^ 

land the seats \ 

in the curs *>1 , * . — . \ 

are inclined / — J *?* L — i 

so as to bo as I I — i 

nearly level ^ ^ ^ 

as possible Z jV’ ^ 

when on the 

grade. 

In the two — ir" - rzr : . : 

railways last n. elevatjon of strub rack 
referred t o , 

which are on very steep inelines to mountain 


and tear of all rolling stock, which is 
roughly pro})ortionate to the dis- 
^ tanee travelled, would Ix' less. 

Thirdly, th(‘ 
dead weight 
I) of engine in 


proportion to 
load drawn is 


ItzrizmZjj ^ i drawn is 

j J the fuel, etc., 

- til ^IK-ndi-d iK-r 

I ing load lifted 

_ X I X i^» k’HW- 

Subject to 

12. SKC’TION OF STRUB BRAKE tbc last COn- 

sideration, 

the actual mechanical work, and therefore the 
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summits, and in similar ones, there is evidently working cost of raising the load, would be much 
no alternative bt*tween the rack or rope and sta- the same in each ease, for the greater speed 

lionary engine, and any other system. Adhesion on tJie adhesion line would Ixi neutralised by 

alone is out of the question. Bui it sometimes its greater length. 

happens that in a section of an ordinary railway. Where, in any general railway system, a rack 
w’here a mountain range has to be overcome, section is interposed lH*twe(*n two groups of 

a choice may lie between a comparatively easy ordinary lines, such, for instance, as a connection 

adhesion grade and a steep rack. In the former between a coast and a tableland eountiy, the 

ease it would be necessary to climb the mountain rack grade should not, if possible, (‘xeeed 

side jp’adually in order to attain a given elevation, that on which an ordinary engine could 

the lino being made much longer than it other- draw its(‘lf up. Otherwise the circulation of 

wise need be, or developed, as it is called, curving engine stex'k lietweeii the two systems would 

round spurs and valleys for the s{H*cial purpose of be }iam})cred. 

giving the necessary length in projiortion to the ICack railways have had their chief develop- 
height, BO as to have a “workable adhesion grade. ment in Switzerland, Austro-Hungary , and (4er- 

In the latter case, the height, by means of many, but they are in use also in France, North 

the steep grade which the rac'k admits of, can and South America, Australasia, India, Japan, 

be reached in a very much shorter length. Each and otlier countries. The development has not 

problem of this kind has its own conditions, and lieen great in the United Kingdom, the necessity 

must be solved on its own merits, no general for steeply-gradhMl railways being limited. 

Railway ConMruUion condvded 
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Benxoic Acid. The acid which has the 
formula C,|H,-,COOH is the characteristic con- 
stituent of the gum known as bonasoin, and is 
found in various balsams. It used to be extracted 
from benzoin by sublimation. This process 
carries away with the acid a certain quantity of 
the volatile oil contained in the resin, thus giving 
it a very pleasant odour. Nowadays, however, 
the acid is largely prepared from coal-tar. It 
crystallises into very delicate and very light 
colourless needles. In the presence of water 
vapour it is volatile. It is only very slightly 
soluble in cold water (1 part in 400), but dis- 
solves readily in hot water, alcohol, and solutions 
of alkalies. We have already seen that this acid 
is the valuable constituent of Friar's balsam. 
It is a powerful and volatile antiseptic. When 
administered internally, it is found that benzoic 
acid appears in the secretion of the kidney as a 
closely allied acid called hippuric arid. This acid 
may bo regarded as a compound of benzoic acid 
and the body known as glymcoll or amido-acetic 
acid, which has the formula CoH^NOy. This is a 
rather remarkable case of synthesis, the building 
up of compounds into more complex compounds 
within the animal body. Outside the body, 
hippuric acid can readily be convtTted into 
benzoic acid and glycocoll by boiling it with 
dilute hydrochloric acid. 

Bensoic Aldehyde. Benzoic acid, 
C„H-,COOH, corresponds to benzoic aldehyde, 
C„HsCOH, just exactly as acetic acid, CH ,C()OH, 
corresponds to acetic aldehyde, CH.-jCOH. Fur- 
thermore, wo know that acetic aldehyde is derived 
bv removal of two atoms of hydrogen from ethyl 
alcohol ; similarly, benzoic aldehyde has corre- 
sponding to it an alcohol kno\^'n as benzyl alcohol, 
which contains two atoms of hydrogen more than 
the aldehyde, having the formula Cj-H.-.CHjOH. 
The aldehyde may be produced by oxidation of 
the alcohol, which thus loses two atoms of hydro- 
gen. Its natural fource, however, is of very 
groat interest, and has already been referred to. 
The oil of bitter almonds contains a highly 
complex body which, since it yields glucose on 
decomposition, is known as a glucoside. It has 
the name of amygdalin, derived from amygdala, 
the botanical name for the almond. This amyg- 
dalin is normally decomposed by a ferment 
known as emulsin, which is also a normal con- 
stituent both of the bitter and the sweet almond. 
The action of the emulsin is to hydrolyse the 
amygdalin, and the products are sugar, benzoic 
aldehyde (which is therefore often known as 
oil of bitter almonds), and prussic acid. When 
the so-called oil or aldehyde has been purified 
by the distillation of the prussic acid, it is quite 
harmless, as well as pleasant. The reaction, 
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which depends upon the presence of moisture, 
is represented by the following equation, the 
first term of which is the formula of amygdalin : 
aoH.,-NOii + 2H..O=C„H,OOH+2C„Hi..O„ 
V HCN 

Benzoic aldehyde, often known as henzalde- 
hyde, has reactions which closely correspond 
with those of acetic aldehyde ; thus, nascent 
hydrogen reduces it to its alcohol, and oxidising 
agents form benzoic acid from it. 

Salicylic Acid. Very closely allied to 
benzoic acid is salicylic, acid, which is, indeed, 
a hydroxy-benzoic acid — that is to say, benzoic 
acid, one of the hydrogen atoms of which has 
been replaced by hydroxyl. Thus its formula 
is . OH . COOH. This acid is known 

in commerce in two forms. One is known as the 
vegetable acid, being derived directly from the 
vegetable world, while the other is known as the 
artificial acid, or synthetic arid, but must ulti- 
mately also have its origin referred to the 
vegetable world, coal being a vegetable product. 
A comj)arison of the two processes of manu- 
facture is of interest, and of very considerable 
practical importance. The plant known as the 
winter grten yields an “ oil of winter green,” the 
chief constituent of which is a methyl salt of 
salicylic acid. This methyl salicylate readily 
yields salicylic acid on decomposition. This 
natural or vegetable acid is relatively very ex- 
pensive, but has the great virtue of purity. 
Thus, the salicylate of sodium formed from it, 
and now recognised as one of the most valuable 
of all drugs, is pure and safe. 

On the other hand, salicylic acid, destined to 
be a source of salicylate of sodium, may also 
be prepared by the action of carbon dioxide upon 
the carbolate of sodium. If dry carbon dioxide 
be passed through this salt at a temperature of 
about 400° F., an impure sodium salicylate 
results, and this, under the action of hydrochloric 
acid, yields salicylic acid. The following is the 
equation for this interesting reaction ; 
2C„H60Na H CO.. = C„Hi. ONa. COONa -f 

Pure salicylic acid occurs as needle shaped, 
colourless crystals soluble only to the extent of 
1 part in 500 of cold w^ater, but readily soluble in 
hot water, alcohol, and ether. Watery solutions 
of it yield a beautiful reddish yiolot colour, with 
a solution of feiyic chlorida. 

The artificial acid is extremely cheap, and is 
widely used as (1) a source of sodium salicylate 
for medical purposes and (2) a preservative of 
foods — for it is a very powei^ul antiseptic indeed. 

Synthetic Salicylic Acid. The syn- 
thetic acid, however, invariably contains a 
considerable quantity of impurities — ^allied acids 
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called creaotic acids. Certain of these are very 
highly poisonous,* so that extremely minute 
quantities of them may cause serious symptoms. 
Now, sodium salicylate is a drug which has to 
be administered in very large doses, so that the 
dilference between two or three pence and 7s. 6d. 
per lb. — which represents the ratio of the two 
prices, at any rate — is an important matter. 
The use of the salicylate of sodium derived from 
the synthetic acid has led to the belief that the 
drug is dangerous, especially to the heart, and 
must be used with caution. The salt which is 
derived from the natural acid, however, and 
which contains no salts of cresotic acid, is re- 
markably free from any injurious consequence, 
and as much as 300 grains of it have been 
given in a dose without any injurious result. 
In the case of a drug which is the only known 
specific for a disease so important as rheumatic 
fever, these chemical considerations demand 
most serious attention. It is worth noting that 
just as benzoic acid uniU'S with glycocoll in the 
kidney to form hippuric; acid, so salicylic acid 
unites with glycocoll to form w'hat is called 
mlicyluric acid. 

Salicin. Sali(‘ylic acid derives its name 
indirectly from the willow tree, the botanical 
name of which is t^alix. The bark of various 
Kj>ecieB of Salix contains a crystalline glucosido 
known as salicin^ which, under the influence? of a 
mildly alkaline fluid and warmth, is decomposed, 
yielding glucose and salicylic acid. This decom- 
-jmsition occurs in the blood, and the value of the 
acid was first discovered by the administration 
of salicin. The pharmac'ologists are at present 
unable to tell us why the salicylate of sodium 
is so extremely valuable in rheumatic? fever, 
but the great student Professor Bin/., of Bonn, 
has suggested that the salt is decomposed 
by the carbonic acid which is known to exist 
at a considerable pressure in inflamc'd joints, 
and that salicylic acid, a powerful antiseptic, is 
thereby liberated slowly and without irritation. 
Rheumatic fever is known to be due to a microbe, 
so that this most attra<?tive explanation may 
possibly be verified some day. 

Salol. Another close ally of salicylic acid 
deserves mention. Its common name is saU)U 
and it may be regarded as phenyl salicylate, 
]>eing prepared by the interac?tion of salicylic 
acid and carbolic acid, and consisting of sixty 
parts of the former and forty of the? latter. This 
is an extremely insoluble substance, but is very 
valuable indeed as an antiseptic in the bowel, 
the reason being that it undergoes no decompo- 
sition until it is Bubje(?ted to the action of tryj)- 
sin — the powerful ferment which it meets in the 
bowel, and which slowly decomposes it, with 
deliberation of the two potent antiseptics of 
which it is composed. 

Salicylic Acid in Food. It remains 
for us to discuss the extremely important qu<?s- 
tion of the use of salicylic acid as a preservative 
of food, and thereafter we must raise a few 
general considerations concemii^ the chemistry 
of food preservation, this being a practical 
subject of very great importance, which is now 


recognised as a matter for discussion and 
examination by various chemical authorities. 
Salicylic acid may bo chosen as a typical chemi- 
cal preservative of food, since it is used in enor- 
mous quantities, and in foods of very diverse 
kinds. In certain foods, salicylic acid, we have 
lately learnt, is a natural constituent, as, for 
instance, in such fruits as strawberries, plums and 
oranges. Hence the acid will occur in many 
jams, and this must be remembered, since it is 
the favourite antiseptic employed for jams and 
other forms of preserved fruit, as well as for a 
number of wines which may also naturally contain 
it. Besides being artificially added in considerable 
quantities to jams, wines, syrups, cider, perry, 
and beer, salicylic acid has “ also been found in 
butter, sauces and ketchups, in meat juices, 
potted meat and sausages, in sherry, port, 
ipecacuanha wine, and orange and quinine wine. 
Occasionally it is employed, cither alone, or 
more usually in conjunction with boric acid, 
for preserving milk and cream.” This and the 
following quotations are from the most complete 
study of the subject in English : ” Preservatives 
in Food, and Food Examination,” by John C. 
Thresh, M.l)., D.Se., F.I.C., and A. E. Porter, 
M.D., M.A. (J. and A. Churchill, lOOfl). 

Specific Value ae a Preservative. 
Tlie report of the Departmental Committee 
appointi?d in 1889 by the President of the Local 
Covernmont Board to consider this subject 
shows that salicylic acid is generally sold under 
various trade names, like other cliemical pre- 
servatives. This acid is not emplc?yed in vc?ry 
larg(‘ proj)ortions in any artich? of diet, and 
according to the best authorities “ the decla- 
ration of its presence and amount will ])robably 
meet most of the objections that can r(?asonably 
b(? raised to its use.” Other authorities diseuss(»d 
the subject- quite rectuitly, and have, more or 
less, rofut<‘d the assertions that the a(?id as used 
is injurious to health. The excretion of the acid 
is extraordinarily rapid, and since it do(?s not 
tend to ac(?nmulate in the body, it has no cumula- 
tive action. Salicylic? acid seems to bo almost 
invariably found in lime-jui(?e preparations, 
and especially in lime-juice cordial. “ There 
is, apparently, no evidence that salicylic? acid, 
employed as a preservative, has over produced 
any injurious effects.” The acid is one of those 
used for the preservation of milk, though much 
less frequently than boracic acid. Its use for 
this purpose is definitely to be condemned. It 
is very commonly found in cream and butter. 
In both of these cases, the use of boracic acid, if 
any preservative is to be used, is much preferable. 

Official Recommendations. In con- 
cluding this brief study of our subject, and 
as an introduction to the study of the chemical 
preservation of food in general, wo quote in full 
the very important recommendations which 
conclude the report of th(? Departmental Com- 
mittee referred to. 

“ (a) That the use of formaldehyde or for- 
malin, or preparations thereof, in food or drinks 
be absolutely prohibited, and that salicylic acid 
be not used in a greater proportion than one 
grain per pint in liquid food, and one grain p(T 
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und in solid food. Its presence in all oases to 
declared. 

“"(6) That the use of any preservative or 
colouring matter whatever in milk offered for 
sale in the United Kingdom be constitued an 
offence under the Sale of Food and Drugs Act. 

“ (c) That the only preservative that it 
shall be lawftil to use in cream be boric acid, 
or mixtures of boric acid and borax, and in 
amount not exceeding 0*25 per cent, expressed 
as boric acid. The amount of such preservative 
to be notified by a label upon the vessel. 

“ {d) That the only preservative permitted 
to bemused in butter and margarine be boric 
acid, or mixtures of boric acid and borax, to be 
used in proportions not exceeding 0*5 per cent., 
expressed as boric acid. 

“(e) That in the case of all dietetic prepara- 
tions intended for the use of invalids or infants, 
chemical preservatives of all kinds be prohibited. 

“ (/) That the use of copper salts, in the so- 
called greening of preserved fruits, be prohibited. 

“ (g) That means be provided, either by the 
establishment of a separate Court of Reference, or 
by the imposition of more direct obligation on 
the Local Government Board, to exercise sufier- 
vision over the use of preservatives and colour- 
ing matters in food, and to prepare schedules 
of such as may be considered inimical to the 
public health.” 

The use of salicylic acid and other preserva- 
tives in milk is forbidden in Austria-Hungary, 
Belgium, France and Switzerland. 

Chemical Preeervativea in Foods. To 

a race of city dwellers, the preservation of food 
is a vital matter, for it is a necessary condition 
of their life. Means to this end have been 
adopted from time immemorial. Whether chemi- 
cally or otherwise, food most certainly must be 
preserved from decomposition if city populations 
are to bo fed. Here we have no concern with 
what is in general, the safest, simplest, and 
best method of preserving food — that is to say, of 
killing the microbes which it contains. This 
method is boiling, or in any other way raising 
the food to sucli a temperature that the microbes 
in it are killed In general, the methods 
include exposure to great heat, and to great cold 
— this latter being of the utmost importance 
in the preservation of milk — the exclusion of air, 
drying, smoking, and the addition of salt, boracic 
(bori(*) acid, formalin, salicylic acid, alcohol and 
many ot.her substances. A number of these 
moans are not only innocent and effective, but 
necessary. The addition of chemical preser- 
vatives, our present concern, cannot bo excluded 
from the number of these. The recent official 
inquiry showed that “ practically every person 
in the United Kingdom who has passed the suck- 
ling stage consumes daily more or less food 
containing chemical preservatives. It is obvious, 
therefore, that if such food were markedly dele- 
terious, some conclusive evidence should have 
been forthcoming.” On the other hand, the ex- 
tensive use of these processes coincided with a 
steady fall in the death-rate, “and it is very 
probable that one of the causes of this decline 
is the better feeding of the pec^le in consequence 
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of the introduction of cheaper foods, this being 
rendered possible by the use of chemical and other 
means of preservation. . . . The dangers 
arising from the use of preservatives have been 
greatly exaggerated. It is impossible to say 
definitely that a single case of illness has ever 
been conclusively traced to the preservative 
used in any article of food or drink.” On the 
other hand, “ danger may be apprehended 
from the indiscriminate use of certain preserva- 
tives. It may be desirable that there should 
be some restriction as to their employment, 
and that in certain cases their use should 
be forbidden, as, for example, in milk.” 

A Proof of Succesa. The public, if 
it were capable of learning the lesson, has lately 
been provided with an astounding proof of the 
practical success which attends processes of 
food preservation — in this case chiefly by heat. 
The tinned products of Chicago, wo now know, 
are x^reparea under conditions which, until the 
last moment, are abominable in the highest 
degree. The food is infected with every kind 
of dirt, filth, and disease, and much of it is mere 
refuse from the first. Consumed in such a state 
it would spread death everywhere, yet millions 
and millions of people live and thrive on it. 
As the present writer has said elsewhere, “ if, 
then, the preservation of food is a science so 
far advanced that it can actually make a palat- 
able, nutritious and safe product, such antece- 
dents notwithstanding, it is surely evident, a 
fortiori, that when the antecedent conditions 
are decent we may place very great faith indeed 
in the -methods already known.” This is the 
contention which Drs. Thresh and Porter have 
conclusively proved in their most important 
treatise. They show that methods of food 
preservation, for instance, enable the poor to 
be supplied with good, wholesome food at low 
prices which would have to be multiplii‘d 
manifold if these methods were unknown. It is 
well that society should protest against abomina- 
tions such as those of Chicago, but it is well 
also that our actions should be qualified by 
knowledge, and that we should seek merely for 
the legitimate use of methods, many of which 
have been found necessary and successful for 
ages past. How long, for instance, is it since 
sodium chloride — that is, common salt — was 
first added to food in order to preserve it ? 

Why Milk Should not he AduU 
terated. And now, having endeavoured to state 
properly the general principles of this matter, let 
us consider and emphasise to the utmost a con- 
spicuous and all-important exception. It con- 
cerns the most important of all foods, milk. It 
is the most important because it is the best of 
all foods, and because its state is a matter of 
life and death for every one ofvus during the first 
years of life. It is an ideal food, not only for 
man, but also fqr microbes. It is constantly used 
for this purpose by bacteriologists, who know 
no better “ culture medium.” Hence this best 
of foods is the most in need of preservation. 
When contaminated, as it constantly is, it may 
become ^the most deadly of poisons. The most 
common decomposition undergone by milk 
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oonsisU in that lactic acid fermentation which 
we have already discussed. On the whole, 
this lactic acid fermentation may be regarded as 
practically innocent ; Professor Metchnikoff, 
as we have seen, thinks that even more may be 
said for it. All the other decompositions and 
contaminations of milk may be regarded as 
more or less deadly. 

The Slaughter of Children. The lament- 
able thing is that whereas the innooent fermen- 
tation has a result obvious to the nose and the 
palate, the deadly fermentations and contamina- 
tions are inconspicuous to those organs — though 
they play a great part in the death-rate, killing 
babies in tons of thousands every year and 
forming one of the chief factors, if not the chief 
factor, in the spread of tuberculosis — the most 
deadly of all diseases — of diphthe^ria, typhoid 
fever, scarlet fever, and many other diseases of 
less importance. Now, the second most un- 
fortunate fact is tliis — that the lactic acid 
bticteria can be killed by proportions of chemical 
preservatives, such as boracic and salicylic 
acid and formaldehyde*, which are not injurious 
to health and which do not aff(*ci the flavour of 
the* milk. But these bacteria are the most 
delicate of all that infest milk, and the propor- 
tions of preservatives which kill them are im- 
potent to affect the dangerous microbes, though 
these proportions unfortunately succeed in 
keeping the milk sweet and, therefore, apparently 
safe. No more unlucky combination of facts 
could be imagined. We say, then, dogmatically 
— and this is one of the most important facts 
for the public health that can possibly bs 
stated — that the use of chemical preservatives 
m milk does not lessen in the slightest degret* 
any dangerous properties that the milk may 
possess, but intorfei(‘s merely with the multi- 
yilioation of innocent microbes which, as we have 
seen, if allowed to multiply, would themselves 
arrest the development of certain dangerous 
microbes. 

The conclusion, therefore, is that the use of 
chemical presc'rvatives for milk is invariably 
useless. But this statement is only a feeble 
indi(*ation of the real facts, as we shall see in a 
moment. Here let us meet the objection that 
such methods are inevitable. 

Preservatives in Milk Unnecessary. 
It has been conclusively proved, as, for 
instance, by the Aylesbury Dairy (Company, 
which deserves all honour, that it is possibk* 
to supply, as they do, “ at l(*ast a hundred 
thousand persons a day in London w'ith milk 
absolutely free from preservatives, although a 
portion of their supply comes from Wiltshire, 
and even Cheshire, a distance of 200 miles.” 
Ninety-eight per cent of the milk sold in 
Liverpool is free from any preservatives. Milk 
can be sent long distances and yet be supplied 
in a good condition to the consumers without 
the addition of any preservative and without 
the aid of heat. This can be done by immediate 
and efficient cooling, which ought to be a legal 
necessity in the case of all milk sold. Quoting 
again from the report of the Departmental 
Committee, we may note that the Aylesbury 


Dairy Company, who used to add 0*2 per cent, 
of boracic acid to their cream, have, for several 
years, been able to supply cream absolutely 
free from antiseptics. And the same is the case 
of Uie cream supply in Copenhagen. This 
last city is the model for the whole world in 
these matters. The only butter free from 
boracic acid which we import into this country 
comes from Denmark. Wo conclude, then, 
without any question or possibility of dispute 
that the use of prc'scrvatives in milk is un- 
necessary. 

Dangerous to the Health of Children. 

We must go further, and say that their 
use is dangerous. This, as we nave already 
seen, cannot be because of their mere 
in th(^ milk. Tt depends upon the comparative 
chemistry of the lactic acid bacteria and the 
dangerous bacteria that commonly contaminate 
milk, in their relation to chemical antiseptics. 
Th(* point, and the whole point, is that the 
addition of t}i(‘se preservatives to milk, killing 
the lactic acid bacteria but no others, cloaks 
the nsuUs of the dirty conditions under which 
the milk may then he produced. The report of 
the Departmental Committee contains a para- 
graph objecting to the use of presorvativos in 
milk on the grounds that ” there is evidence 
pointing to an injurious effect of boracised milk 
upon the h(‘alth of very young children.” The 
report goes on to say that there are no means 
of controlling the amount of preservative that 
may he added to milk, “ The farmer or producer 
sometim(‘B applies it ; so does the wholesale 
purv(‘yor ; so does the retail dealer ; lastly, 
tlu* domestic use of preservatives is increasing, 
and has become very general, and hence tlio milk 
may receive a fourth dose before it reaches tlie 
unsuspei't ing consumer. ’ ’ 

The Need for Cleanliness in Milk. 

But all these matters are relatively trivial. 
Tilt* vital objection is dealt with in the thirteenth 
jiaragraph of tlie report — which we quote in 
full. It embodies statements which should be 
part of universal knowledge : 

“ There is this further objection to the use? of 
preservatives in the milk traffic — that they may 
be relied on to protect those engaged therein 
against the immediate results of neglect of 
scrupulous cleanliness. Under the influence 
of these preservatives milk may be (‘xposed 
without sensible injury to conditions which 
otherwise would render it unsaleable. It may 
remain sweet to taste and smell, and yet have 
incorporaU'd disease germs of various kinds, 
whereof the activity may be susj^ended for 
a time by the action of the preservatives, but 
may be resumed before the milk is dig(»sted. 

“ It ha.s been nut before u.s that it is not 
possible to supply large towns, especially London, 
with new milk without the aid of preservatives ; 
but we have received abundant evidence to 
prove that this is no more than a matter of 
organisation and system. No doubt the pro- 
hibition of preservatives in milk offered for sale 
would tend to the disadvantage of small retailers 
who have no cold storage, but this is not a 
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consideration which should stand in the way of a 
much-needed reform. 

** As to the feasibility of conducting the traffic 
in the largest towns without preservatives we 
have no doubt whatever. In Denmark the use 
of all preservatives in milk is strictly prohibited, 
and the prohibition is stringently enforced. . . 

London’s Milk Problem. '' In face of 
these facts,” the report continues, “ we are of 
opinion that it is idlt‘ to pronounce it impossible 
to supply London with milk not artificially pre- 
served. The business would be attended with 
some inconvenionco at first, but we are impressed 
with the need for facing that inconvenience, and 
for rendering the vendors of milk containing pre- 
servatives subject to penalties under the Sale 
of Food and Drugs Act. Obviously, the con- 
ditions under which milk is sometimes kept in 
the homes of the poor are likely to hasten the 
processes of deoompo.sition, but we do not think 
this a sufficient argument in favour of the sale of 
chemically preservatised milk.” 

To this we may add that the argument is the 
more worthless in that the chemical preservation 
of milk in any proper sense at all is impossible, 
as we have shown. What has been said about 
milk applies entirely to cream — notwithstand- 
ing the small degree of licence suggested 
to be permitted by the Committee. [Since we 
prepared this subject for the reader the 
Local Government Hoard have issued a circular 
condemning the addition of any chemicals to 
milk.] 

The Need for Legislation. Space 
does not avail for any further consideration 
of this very large and very important sub- 
ject. For fuller study of it we would refer the 
reader to Swithinbank and Newman’s “ Bac- 
teriology of Milk,” and to the work of Thresh 
and Porter. We have been able merely to out- 
line the general principles and to enter into some 
small detail regarding the most important 
aspects of the subject. We have had to pass 
unconsiderod the comparative utility of many 
chemical bodies which are used, questions of 
the proportions which are effective and safe in 
each case, the relatively unimportant question 
of colouring matters (which now include the 
coal-tar colours, used very extensively in con- 
fectionery, jellies, jams, sausages, temperance 
beverages, and wines), and also the important 
practical matters of the detection and estimation 
of boracic acid, salicylic acid, etc., in actual 
samples of food. It is a pity also to have had to 
ignore the legal aspect of the question. The 
Food and Drugs Act of 1875 is in urgent need of 
revision, and it would bo well for us to have a 
municipal laboratory in our large cities compar- 
able to the famous laboratory in Paris. The 
Act of 1875 has led to conviction in cases where 
margarine or butter has contained as little as 
51 grains of boracic acid per pound. In a case at 
Bootle the amount was actually 120 grains per 
pound. Conviction has frequently followed 
the detection of formaldehyde in milk and the 
presence of large quantities of salicylic acid in 
various substances, such as jam, marmalade, 
ginger wine, etc. 


The day has for ever passed when chemistry 
consisted merely of the knowledge gained by 
the alchemists as they tried to transmute the 
baser metals into gold — or of little more ; it 
has now invaded the whole of human life, and 
thus, as we consider in turn the more important 
organic compounds, it is both necessaiy * and 
desirable that we should indicate the existence 
of great practical departments of chemistry, the 
importance of which increases daily. 

Gallic Acid. We saw that salicylic acid 
is a hydroxy-benzoic acid. Of these there are 
many, of which two more must be discussed. 
These are tannic and gallic acids. Both are tri- 
hydroxy acids, three hyhroxyl groups being in- 
cluded in their composition. The formula of 
gallic acid is CeHjj(6H);,COOH. This derives 
its name from the curious excrescences which are 
found on the bark and the leaves of the oak and 
are called galU or gaU ntUs. These galls are due 
to the irritation caused by the deposit and 
growth of the eggs which a humble creature 
deposits in the substance of the bark or the leaf. 
The chief constituents of these curious galls 
are the two closely related acids which we are 
now discussing. Gallic acid is found in tea and 
coffee and may be obtained from various other 
vegetable sources. It may be obtained from 
galls by powdering them and boiling them with 
dilute sulphuric acid. In their natural state 
galls contain not more than five per cent, of 
gallic acid, and even as much as 75 per cent, 
of tannic acid. But this process causes the hydro- 
lysis of the tannic acid with the formation of 
gallic acid, which crystallises out in white, silky 
needles or thin needle-shaped prisms, containing 
one molecule of water of crystallisation. The 
acid is soluble only in about 100 parrts of cold 
water, but readily dissolves in hot water, ether, 
alcohol and glycerine. The most important 
chemical fact about gallic acid is that it has no 
power of coagulating albumin. We shall shortly 
see the importance of this. If gallic acid be heated 
it undergoes decomposition, yielding carbon 
dioxide and the body which is known as pyro- 
gallol, pyrogalUc acid or tri-hydroxy benzene and 
has the formula CoH;j(OH)jj. This is a power- 
ful antiseptic. 

Tannic Acid. Much more important than 
gallic acid is its relative tannic acid, oftener 
known, perhaps, as tannin. It may be de- 
scribed as anhydrous digallic acid. We have 
already seen that it may be hydrolysed to form 
gallic acid by means of boiling with dilute 
sulphuric acid. A most important fact is that 
tannic acid undergoes a similar hydrolysis 
within the bowel, even at the temperature of 
the body, and is absorbed into the blood not as 
tannic acid at all, but as gallic acid or, rather, 
as the gallate of sodium. Gallic acid and its 
salts have no power of coagulating albumin. 
Hence, the value of tannic acid as an astringent, 
which depends upon its power of coagulating 
albumin, is absolutely confined to the skin, 
the mouth and the upper part of the alimentary 
canal. It is absolutely useless to administer this 
(hug as a “ remote astringent ” since it undergoes 
the transformation we have seen. 
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Preparation of Tannic Acid. Tannio 
aoid may be prepared from gallic acid by 
boiling a watery solution of the latter with 
arsenic acid, but it is very readily obtained 
from galls, which are powdered, are kept warm 
and moist so as to undergo a kind of fermenta- 
tion, and from which the tannic acid can bo 
extracted by a mixture of water and ether. 
Whereas gallic acid has an acid taste, the taste 
of tannic acid is very strongly astringent. To 
this astringency there is some bitterness added, 
and persons who like their tea to have “ a little 
body ” or taste in it are really seeking for a high 
proportion of tannic acid. The astringency of 
this acid ought not really to be d<*scribed as 
affecting the nerves of taste. In reality it is 
none other than the local action of the acid, 
dependent upon the faet that it precipitates 
albumin (including the albumin of tlu* cells that 
line the mouth) in the form of an insoluble 
tannate. Tannic acid is readily soluble in 
water and in alcohol. It forms with salts 
of iron a bluish black precipitate which is none* 
other than ink. For this reason it is a matter of 
importance to the druggist that he shall not 
mix up, in one pn'scription, salts of iron and 
’vegetable infusions or tinctures <‘ontaming 
tannin. There is no real objection to the ink 
that is formed except that it gives tlu* mixture 
a very unpl(‘asant appearance. Tannic acid 
also precipitates alkaloids in general. Hence 
tannic acid or strong tea may lorm valuable 
antidotes in cases of aikaloidal poisoning. 

The Abuses of Tannic Acid. W(‘ must 
now discuss in turn the uses and the abuses of 
tannic acid. This substance has no properties 
desirable for the human body in health. On the 
contrary, its chemical properties cause it to 
interfere, in proportion to th<* amount of it that 
is taken, witli the processes of digestion from 
first to last. Its (‘vil action begins in the mouth, 
where, by precipitating albumin, it interferes 
with the flow of saliva, and docs not end till 
it reaches the bowel, the activity of the upper 
part of which is interf(‘red with. Tlie most 
familiar form of tannic acid is thtjreaftcr converted 
into gallic acid, which, as we have seen, has no 
astringent properties. The amount of tannic 
acid in a typical black tea is about 16 yjer cent., 
and in a typical green tea about 27 per cent. On 
the average, there is very much more tannic acid 
in Indian and CUeylon teas than in China teas. 
This difference is a matter of great importance 
because it suffices to make the China tea far 
more desirable as a beverage. 

Tannic Acid in Tea. On this important 
matter we cannot do better than quote from the 
most authoritative book in Englisli, th(* well- 
known work of Dr. Hutchison on “ Food and 
the Principles of Dietetics.” He says : “ The 
composition of the infusion is of much greater 
practical importance than that of the leaves 
from which it is made. . . . The caffeine (or 

theine, the valuable stimulant alkaloid contained 
In tea and coffee) is so soluble that it is prac- 
tically all dissolv^ out of the leaf immediately 
infusion has begun. With tannic acid this is not 
the case. There is certainly less tannic acid 


after three minutes infusion thap after five, 
and less after five than after ten ; bnt beyond 
that one does not find much increase, for by that 
time practically the whole of the soluble matters 
have been extracted from the leaf.” In general, 
the proportion of tannio aoid is much more 
affected by the length of infusion than that of 
caffeine. Hutchison quotes a large numl)er of 
experiments made by others, and repeated and 
extended by Iiimsolf, which show that the longer 
tea is infused, the higher is the proportion of 
tannio acid dissolved out, while the proportion 
of caffeine, on the other hand, is but little 
affected. From this the practical inforonco is 
that if one 'wishes to avoid having much tannin 
in tea one should infuse it for as short a time 
as possible.” In order to emphasise the great 
superiority of China tea, wo may quote one series 
of experiments in which it was shown that 
while three minutes’ infusion, on the one hand, 
and 15 minutes’ infusion on the other, yielded 
respectively 7*7 and 7*9 per cent, of the tannic 
acid in a China tea, the figures for an Indian tea 
w<we respectively 11*5 and 17*7 p<w cent. 

How to Make Good Tea. Dealing further 
with this very important matter. Dr. Hutchison 
shows — and tht‘ whole of oxpiTt o})inion agrees 
with him absolutely — that tea should really bo 
infused, not boiled or sU'wod, as is so often the 
case ; also, that the amount of leaf commonly 
used is excessive ; further, that infusion should 
be limited to, at most, four minutes, not 
only Ix'cauBC prolongc^d infusion extracts too 
much tannic acid, but also because it ” dissipaU's 
the volatile oil, to which much of the Iragrance 
of a good eup of tea is due.” It is also pointed 
out that the addition of milk or cream is to bc^ 
commended on hygienic grounds — not, as might 
be thought, because the albuminous matter of the 
milk is a valuable food, but liecause it precipi- 
tates some of the tannic acid of the tea beforti 
it is swallowed, and so prevents it from doing 
harm afterwards. The readvT would certainly 
not consider excessive the brief amount of space 
wc have devoted to the chemistry of tea if he 
realised the very grave injury to the digestion 
which strong tea works in thousands of ca8(‘S. 
A large part of th(j injurious effects of tea, com- 
monly attributed to its action on the “nerves,” 
is not really due to its stimulant ingredient at 
all, but to the injury which improperly made tea 
infiicts upon the digestion in virtue of the simple 
fact that tannic acid precipitates albumin. 

The Uses of Tannic Acid. Ignoring the 
IcH’al medical uses of tannic acid, which all diqxjnd 
upon the important property already emphasised, 
wc may refer briefly to the uses of this substance 
in the process of tanning, by which animal hide 
is converted into leather. And here it is necessary 
to point out that, as a matter of fact, there is a 
very large numlier of different kinds of tannic 
acid. Indeed, it may almost be said that every 
vegetable source of tannic acid yields a product 
somewhat different from every other. Hence, 
compound names have been invented. Ordinaiy 
tannic acid is known as gaUo-tannic acid, since 
it is prepared from gall nuts ; the bark of the 
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oak yields t, ,querci 4 annic acid, which does not 
yield gallic acid when it is boiled with sulphuric 
acid. The tannic acid in coffee, again, has been 
sharply distinguished, as also calechu 4 annic acid 
and ih^‘no-tonmoaoid, derived from the vegetable 
products called catef^u and kino. These two 
last are very much less soluble in water than 
ordinary tannic acid, and hence are of special 
value in medicine. 

In general, it may bo said that the process of 
tanning consists in the formation in the hide of a 
dense and insoluble tannate of albumen. Thus, 
the meal known as a meal tea^ which ruins so 
many digestions, is almost equivalent to filling 
one's stomach with leather. 

Naphthalene. In preparing for the study 
of the extremely important homes known as 
alkaloids, we must begin with a substance, the 
supposed relation of which to benzene itself is 
very simple ; this is known as naphthalene, and 
has the empirical formula Long ago, 

Berthelot showed that we may suppose this, 
and many other complex bodies derived from 
the distillation of coal at high temperatures, to 
be formed by a synthesis from much simpler 
bodies, as the consequence of the action of high 
temperature alone. Thus, the quite simple sub- 
stance ethylene, which wo have already studied, 
yields not only benzene, but also naphthalene 
when it is passed through a porcelain tube kept 
at a high temperature. 

Naphthalene is an important constituent of 
what is left when carbolic acid has been re- 
moved from coal-tar. It crystallises in the form 
of large, thin, and beautiful colourless plates 
which are only very slightly soluble in cold alcohol 
but readily in hot alcohol. It melts at about 
80 ° C., and boils at 217 ° C. Small quantities of 
it are present in coal gas, and it is also added 
sometimes to ordinary coal gas — which is im- 
pregnated with naphthalene vapour just before 
it escapes from the burner — ^in order to increase 
its luminosity. Naphthalene also plays a part in 
the coal-tar colour industry. 

Constitution of Naphthalene. There 
is every reason to believe that the mole- 
cule of naphthalene consists of two benzene 
rings joined together so that they possess two 
carbon atoms in common — the said carbon atoms, 
unlike the others in the molecule, not having 
hydrogen atoms attached to them. If the reader 
will draw tw^o benzene rings for himself, side by 
side, he will readily discover the slight modifica- 
tion necessary to convert them into the graphic 
formula of naphUialene. A large number of 
chemical facts ^ to support this theory of the 
constitution of rae body. Its numerous deriva- 
tives show a veiy close correspondence to those 
of benzene itself. The colour value of many of 
them has already been alluded to. 

Chinolin. Very similar to naphthalene 
in many respects is the substance known as 
chinolin, the importance of which we shall soon 
see. It occurs in coal-tar. Instead of consisting 
of two benzene rings having two atoms of carbon 
in common, like naphthalene, chinolin consists of 
a benzene ring and a p3rridin ring having two 
carbon atoms in common. The empirical formula 


of pyridin is C5H5N. It is a volatile, offensive- 
smelling base; it is, like benzene, veiy stable, 
and is found in coal-tar. 

The chinolin thus constituted is a colourless, 
oily substance and, like pyridin, has a character- 
istic smell. Its special interest for us lies in 
the fact that it is very closely copied in consti- 
tution by the great group of organic compounds 
which are found in a vast numter of plants, and 
also in the animal body under various conditions, 
and are known as alkaloids, A very large 
amount of work has been done on the pure 
chemistry of this great group of bodies in recent 
Years, and lately a considerable number of them 
have been constructed by synthetic chemistry. 
Before we consider their characters in general, 
and those of the more important members of 
the group in particular, let us look as closely as 
possible at their relations to the compoimds 
which wo have lately been discussing. The 
importance of this question is two-fold. There 
is no need for us to emphasise its importance in 
pure chemistry ; but it is important because 
the alkaloids in general exercise extremely 
marked and definite and sharply contrasted 
actions upon various kinds of living tissue. 
Now, it is coming to be found — as we are now 
well prepared to believe — that there is the most 
precise relation between the constitution of an 
alkaloid and its behaviour in the body. In 
other words, it is pre-eminently the alkaloids 
which promise to enable us to unravel many of 
the mysteries of the chemistry of life itself, and 
even of the chemistry of consciousness. Already 
they supply us with hundreds of facts which 
prove the relation between chemical constitution 
and pharmacological action — that is to say, 
action upon the life and function of various 
kinds of living matter. 

The Evolution of the Alkaloids. 
Let us, then, briefly retrace the imaginary evolu- 
tion of an alkaloid from the benzene ring. If it 
occurred to the reader to attempt to construct 
for himself the graphic formula of pyridin — 
which we have purposely omitted to discuss until 
now, so that he might have a chance of teaching 
it to himself — he would be able to guess that it 
is none other than the formula of benzene, with 
an atom of nitrogen substituted for one of the 
CH groups. This, then, being noted, there will 
b(? no difficulty whatever in writing the formula 
of chinolin, the constitution of which wo have 
already described. Now, it can be shown that 
if we double the formula of chinolin, and make 
a few changes in the formula thus produced — 
changes no graver than the substitution of 
hydroxyl for hydrogen and so on — we obtain 
the formula of one of the most remarkable and 
important of all the alkaloids — ^namely, morphia 
or morphine. This has the 9omplicated empirical 
formula C17H19NO.,, and the graphic formula 
naturally looks very complicated indeed, yet its 
architecture can be traced up without any diffi- 
culty from benzene through pyridin and chinohn. 

Nor is this a mere lucky chance. On the 
contrary, we find that the simplest manipulations 
of the molecule of morphine, thus obtained, will 
provide us with many other alkaloids. The 



OHBMWTIIV 


abstraction from it of one molecule of water, for 
instance, gives us the very characteristic alkaloid 
known as apomorphine, which has a unique action 
upon one particular spot of nervous tissue, and 
that alone — namely, the spot in the lower part 
of the brain, the activity of which reverses the 
normal movements of the stomach and causes 
vomiting. This dehydration of morphia can 
easily be effected in practice, apomorphine being 
prepared for medical purposes by heating 
morphine in sealed tubes in the presence of 
hydrochloric acid. Then again, if we replace 
a hydrogen atom in the molecule of morphia by 
the methyl radical, CH-, we obtain the alkaloid 
thehaine which, like morphia, is contained in 
opium, and has an action on the body directly 
and specifically antagonistic to that of morphine 
itself. Thus the one molecule will depress 
almost to the point of death the motor nerve 
cells in the spinal cord, while the other molecule, 
identical in every respect of its architecture, 
except, so to speak, for the substitution of 
hydrogen by methyl at one odd comer, will 
violently stimulate those very same cells so as 
to cause extreme convulsions. Obviously, these 
facts have a meaning and an interpretation which 
must some day be discovered. 

The Properties of the Alkaloids. 
We have already seen that a large number of the 
alkaloids, including some of the most important 
of the group, are to be regarded as modifications 
of chinolin, and we have observed how a minute 
change in the molecule may cause complete 
reveraal of the chemical processes displayed by 
the alkaloid when it is imbibed by certain living 
cells. Now, before we consider tlie properties 
of the alkaloids in general, we must note a fact 
which will help us to understand those general 
properties — the fact that the alkaloids may bo 
regarded as compound ammonias, that is to say, 
ammonias in which hydrogen atoms have iHMjn 
replaced by various radicals, usually extremely 
complicated. This view of the alkaloids is justi- 
fied by purely chemical considerations, but it is 
also strongly supported by those more remotely 
chemical considerations which are involved in the 
action of the alkaloids upon the body. 

We may define the alkaloids, then, as highly 
complex derivatives of ammonia or of benzene, 
formed in nature by the action of living matter 
alone. As the name implies, they strongly 
resemble alkalies and, most notably, the alkali 
called ammonia. Thus their solutions are 
definitely alkaline in reaction, and with acids 
they form definite salts. All alkalies contain 
carbon, hydrogen, and nitrogen. The great 
majority of them contain oxygen. A few 
containmg no oxygen are liquid, but the 
remainder are solids, usually crystalline. The 
best instance of a liquid alkaloid containing no 
oxygen is nicotine, which we must afterwards 
discuss. The alkaloids are found to be electro- 
positive on electrolysis. They are only very 
slightly soluble in water, but r^t^dily soluble in 
ether, alcohol, and chloroform. The solutions 
are very bitter to the taste. In general, we may 
say that ether dissolves alkaloids, water dis- 
solves their, salts, and alcohol dissolves both the 


alkaloids and their salts. If an alkali bo 
added to the solution of an alkaloidal salt in 
water, the alkaloid is precipitated. Alkaloidal 
salts are formed on the plan of the salts of 
ammonia, as, for instance, in the formation of 
ammonium chloride, which is NHjjHCl. Water 
is not produced. All alkaloids yield precipitates 
with tannic acid, with tetrachloride of platinum, 
and with perchloride of mercury. In this respect 
the alkaloids are distinguished from the large 
group of substances found in the vegetable 
world, and known, in our present state of 
ignorance, as nerUral principles. 

Names in Chemistry. Of recent years 
chemists have made a serious attempt to obtain 
uniformity in the spelling of the names of the 
alkaloids. The authorised spelling nowadays is 
to terminate the name of every alkaloid in •ina 
as the scientific form of Uie name common to all 
countries. This we render in English as -ine. 
Closely similar bodies which are not alkaloids 
but neutral principles or glucosides are always 
to he spelt without the “ e.” Thus the termina- 
tion we have indicated is recommended to be a 
conclusive mark of the alkaloidal nature of the 
substance to which it is applied. Hence tlio 
proper way to spell phenacotin is without a 
final “ e ” ; and the same applies to the neutral 
principles such as ahin ana to tlie glucosides 
such as salicin. 

Structure and Function. Before we 
pass on wo must insist once again upon the 
groat importance of the alkaloids, dependent 
upon the intimate relations between tlu'ir 
structure and their function. Students of bio- 
logy and natural history are familiar with these 
two terms, and with the correlation between 
stnicturo, on the one hand, and function on the 
other — anatomy on the one hand, and physiology 
on the other. Now, not only do the alkaloids 
exhibit the same corrc‘lation, but they promise 
to provide us with a key to tlie far greah'r 
questions of vital chemistry. Already we have 
noticed the effect of substituting a methyl 
for a hydrogen atom in moiphine. Let us now 
add the general observation that a large number 
of alkaloids which may act in various ways in 
their original state agree in having a sjiecific 
paralysing action ujion the extremities of 
motor nerves just at the very point where these 
motor nerves are distributed to the ultimate 
muscular fibres — provided that a methyl has lx?cn 
substituted for a hydrogen atom in the con- 
stitution of the alkaloidal molecule. Instances 
of this are furnished by stryclmine, on the one 
hand, and methyl-strychnine on the other. 
Similar facts are recorded of brucine and methyl- 
brucine and of thebaine and methyl-thebaino. 
Here, also, since our desire is tocorr(*late different 
parts of know^lcdge, we may briefly note how the 
facts of chemistiy and the facts of pharmacology 
agrt‘e with the facts of botany. It is found that 
plants of a given natural order yield alkaloids 
which are, in some cases, identical. In other 
cases the alkaloids are very similar in chemical 
constitution and, therefore, very similar in 
pharmacological action, or thev may be markedly 
contrasted in pharmacological action because of 
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chemical differences which, though slight, are 
cnicial. Of such differences we have already 
seen illustrations. Opposing though allied alka- 
loids are often found in one and the same plant. 

Animal Alkaloids. Before we consider 
the characters of the most important individual 
members of the alkaloid series, we must note the 
existence of a large number of alkaloids which are 
of quite different origin, and which may be 
described as animal alkaloids. They are the 
products of decomposition produced in dead 
animal matter by the action of microbes, and 
their poisonous character has caused great atten- 
tion to be paid to them. The most important 
ot these animal alkaloids used to be called, and 
are still called, ptomaines. Thus we frequently 
hear of “ ptomaine poisoning,” but this word 
has been variously used at various times, and 
it is really best abandoned altogether, as also 
is the companion term leucomaine, which used 
to be applied to alkaloids formed during life 
within animal tissues. It is far bettt‘r to use 
merely the term animal alkaloids^ which fur- 
nishes us with a convenient term in contrast to 
the vegetable alkaloids. 

Food Poisoning. The animal alkaloids 
produced in food material in the course of de- 
composition effected by microbes are the active 
agents in cases of food poisoning — properly 
so-called. Not so long ago it was generally 
supposed that cases of illness following the 
eating of pork pie and so on were all due to 
what was called ptomaine poisoning, and it is 
still recognised that these animal alkaloids are 
capable of causing very serious symptoms. 
These alkaloids are most commonly discovered 
in tinned food, in cases in which the tins are 
” blown ” — the ends being made to bulge by 
the formation of gas within the tin. Various 
animal alkaloids have been identified and 
have been proved to be capable of causing very 
severe symptoms, but it is quite time for the 
public to recognise that the teim ptomaine 
jmsoning is misapplied in nine cases out of ten. 
As a matter of fact, it is actually doubtful 
whether a sufficiency of ptomaines occurs in any 
food-product, liowever bad, to cause really 
deadly symptoms. In short, we may almost 
venture to say that ptomaine poisoning is a 
myth. In general, these animal alkaloids 
arc very much less poisonous than the most 
familiar vegetable alkaloids, and some of them 
are practically inert. 

Microbes in Food. The truth is that the 
presence of these animal alkaloids in food is 
important, not in itself, but as an index to 
something else — the presence of active and 
possibly dangerous microbes in the food. In 
all probability it will soon be generally believed 


by experts that all cases of ptomaine poisoning 
are, in reality, not cases of intoxication by a 
chemical poison already present in the food, 
but cases of infection by living microbes present 
in the food. It is true that microbes cause their 
serious effects by the production of poisons 
witliin the body, but only very rarely are these 
poisons alkaloids at all, and even if they were, 
the true facts of the matter — facts which must 
markedly influence our action in regard to it — 
are widely different from those which were 
supposed when ptomaine poisoning, so-called, 
was first described. The latest authorities on 
this subject say, “ In practically all cases, when 
a substance is being examined for ptomaines, it is 
found that the liquid containing them is far more 
poisonous than the alkaloids isolated therefrom.” 

In short, so-called ptomaine poisoning is 
really either poisoning by the non-alkaloidal 
})oi8ons or toxins alrt»ady produced by microbes 
in the food in question, or else is none other 
from the first than an infection by living 
microbes. 

The Education of Public Opinion. 

It is high time that public opinion on this 
subject should be educated up to th<‘ level of 
presemt expert opinion and not to the level of 
expcTt opinion of lwenty-fiv(* years ago. It is 
especially to be hoped that no reader of the 
course on Chemistry in the Self-Educator will 
forget that the animal alkaloids, very interesting 
and important though they be, are not really 
responsible for so-called ptomaine poisoning. We 
may here quote from l)rs. Thresh and Porter 
an account of what typically happens in cases 
of so-called ptomaine poisoning : 

“ A’ cow or pig is attacked with diarrhoea, 
possibly du^ to the Bacillus enteritidis^ or an 
allied species, and some of the bacilli enter the 
general blood stream. The animal is slaughtered 
and the flesh possesses the normal appearance. 
Probably at this stage no bacilli can be deteett'd 
in the muhcles, but a rapid multiplication takes 
place after death, when the circulation has 
ceased. The meat is cooked or made into pit's, 
or pickled ; the process is insufficient to destroy 
the bacilli in the interior, and an epidemic 
results, or it may be that while the bacilli have 
been killed the toxins produced have escaped 
destruction, and these may be present in suffi- 
cient quantities to produce poisonous effects.” 

In short, the result of modern inquiry by 
chemistry, on the one hand, and bacteriology 
on the other, is to transfer the subject of ptomaine 
poisoning from the domain of the older science 
to that of the newer. Thus, the sooner the term 
pttmiaine and the term ptomaine poisoning are 
abandoned, the better. The first is useless, 
and the second is entirely misleading. 
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and sediment are transferred to a separate tank. 
The lime is used to neutralise the natural acids 
of the juice, which, if allowed to remain for any 
length of time, would cause inversion of the 
sugar. 

The heat removes the albuminous matters by 
causing coagulation, and the lime assists mechani- 
cally and chemically in removing the coagulated 
albumin as scum or sediment. The process of 
adding lime is called tempering, and as the 
quantity to bo added varies, the lime is added 
until a faint alkaline reaction is indicated by 
means of litmus paper. 

Continuous Defecation. Of late years 
continuous methods of defecation have been 
devised. Harvey’s apparatus is 
a trough-like vessel heated by 
steam. Adjustable batHe plates 
or transverse divisions are 
fitted at spaced distances within 
the defecating vessel, forming 
practically separate chambers, 
while a settling chamber is fitted 
at the end of the defi'cator. 

Channels are arranged to draw 
away the scum and clear juice. By adjusting 
the temperature a continuous movement is 
given to the liquid, which readily parts with 
suspended matter in the settling chamber. 
In Deeming’s superheat clarification method, 
the juice is hcat(‘d in successive^ stages to a 
high temperature, and is thence passed to a 
special form of settling tank. This tank is 
a large cylinder with a conical bottom, arfd 
inside this is a conical vessel that reaches down 
to the conical part of the cylinder. The hot 
juice is conducted into the outer tank, and 
causes currents of juice 
which induce the sedi- 
ment to fall into the 
conical bottom of the 
cylinder, the clear 
liquid being drawn off 
at the top. 

The scums which have 
been yielded by the 
defecation process have 
steam blown into them 
to still further coagu- 
late the albuminous 
matter and are then 
filtered, lime being 
sometimes added to 
assist the process. 

Carbonatation. An alternative process of 
clarifying cane juice is known as carbonatation. 
The method is always used in boot sugar manu- 
facture, and is described at a later stage. The 
advantage claimed for the process in the ca,so 
of cane sugar is that the resulting produce is purer 
and fetches a higher price than sugar submitted 
to the usual defecation process. 

Concentrating. The next step in the 
manufacture of sugar is to remove the water 
from the clarified juice so that the sugar may be 
obtained in a solid state. Usually, this is done 
by evaporating the liquid until it reaches the 
syrup stage, when it is transferred to a vacuum 
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pan, and concentrated until only 5 or 6 per 
cent, of water is left in the mass. The oldest 
method of evaporating the water from the 
sugar is effected by using a series of pans 
known as the copper wall [4], A description of 
it is useful as leading to a consideration of the 
improvements which have been made on the 
primitive apparatus. The copper wall consists 
of a series of open pans called teaches or laches, 
the set of four being placed over a flue. The 
fire is at one end and is directly beneath one of 
the teaches, the heat passing along the flue 
to the chimney at the other end. The clarified 
juice is first placed in the pan nearest the 
chimney, and when it has been concentrated 
a little it is clarified out into the 
next one, and so on, until it 
reaches the pan over the fire, 
where the evaporation is con- 
tinued until the crystallising point 
is reached, when the mass is ladled 
out into cooling vessels. In this 
method a good deal of fuel is 
wasted, and theni is danger of 
overheating the sugar, which not 
only spoils the colour of the product, but results 
in inverting some of the sugar — that is, preventing 
crystallisation of the full quantity of sugar. 

Introduction of Steam Pipes. The 
next step was to replace the opem fire by st/cani- 
pipes in the pans. This led, owing to the choking 
of the pipes, to what are called film evaporators. 
The earlier patterns consisted of a cylinder 
heated by steam, revolving in a trough of sugar 
juice. This gave place to the Wetzel evaporator [3], 
. in which the cylinder was replaced by a number 
of copper pipes. The steam passes through the 
pipes from one end to 
the other, the apparatus 
revolving in a trough 
of juice. A modifica- 
tion of the Wetzel plan 
is that in which discs 
are employed instead 
of steam -pipes. 

The Concretor. 
Fryer’s concretor is a 
more economical 
method of applying 
lieat to the evaporation 
of water. The object 
in the concretor is to 
pass a shallow stream 
of juice over a series of 
trays heated by an open fire or steam. The 
trays are divided by ribs running from one 
side nearly to the other, so that the liquid 
requires to take a narrow winding course during 
its passage from one end of the apparatus to the 
other. One of the concretors consists of a series 
of ten trays, measuring about 48 ft., and with 
the serpentine course which the juice must needs 
take, five or six times this length is traversed, 
and this in about five minutes. On leaving the 
last tray the juice is run into a trough with a 
revolving cylinder heated in its interior by hot 
air. The heating in this part of the apparatus 
is continued until the mass becomes flaky 
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instead of liquid, v^en it is discharged into 
casks, where it solidifies, and is ready for the 
refiner. The whole process takes about half an 
hour, and the average ^aeld of concrete is about 
2 lb. to the gallon of juice. 

Evaporation Under Reduced Pres* 
sure. Howard, in 1813, patented a method 
of evaporating sugar by what ore known as 
XHicuum pans, which it will be convenient to 
refer to here. He found that by reducing the 
atmospheric pressure by pumping out the air 
from a covered pan solutions of sugar boii at a 
much lower temperature, and thus no risks were 
run of injuring the sugar by overheating. Further, 
the process was more rapid, as, owing to the 
lowering of the boiling point of the liquid, the 
difference in temperature between the heating 
steam and the boiling liquid is greater, and 
hence greater transmission of heat is obtained 
for a given heating surface. The heating of 
Howard's vacuum pan was effected by means of a 


before a meeting of the Society of Chemical 
Industry: “Suppose,” he said, “we have at 
our disposal heating steam of what is termed 
in practice hedf an atmosphere (or one and a half 
atmospheres expressed in absolute pressure), 
such as the exhaust steam from an engine. The 
temperature of such steam would be about 
112° C. Suppose, further, that wo have em- 
ployed the best practical means for producing 
vacuum at the outlet of the third vessel, so that 
the temperature would be about 46° C. We 
have, therefore, a temperature difference of 
112°“ 46° =- 66° C. available for evaporating 
purposes. This difference would have to bo 
distributed over the three vacuum vessels or 
effets. If wo make the heating surface of each 
vessel the same, it follows that the amount of 
water evaporated will be the same in each vessel. 
Consequently, the difference of temperatures in 
the three vessels must be the same — 66/3 — 
22° C. We have now the following state of 
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steam jacket, but this was afterwards replaced 
by steam coils within the pan. The steam jacket 
is not an economical method of transmitting heat, 
as the air introduced with the steam forms a non- 
conducting medium in the upper part of the jacket. 
The remedy in this case was to blow off the steam 
every now and then by means of a tap. Roth 
introduced the use of steam-pipes, and J)(‘grand 
endeavoured to utilise the vapours of the pan 
for heating a further quantity of liquid. 

Multiple Evaporation, This plan of 
Degrand's was further developed by Rillieux, who 
designed a series of three vacuum pans, which he 
called triple e§et [6]. Th(‘ vessels are connected 
by means of valves so that the juice can bo 
drawn successively from one to the other, but 
the most important principle is that involved in 
using the latent heat of steam three times over. 
Dr. J. Lewkowitch recently gave the following 
explanation of the principle of the multiple effet 


affairs : the steam entering the first effect has a 
temperature of 112° C. Wo require 22° C. for 
raising the liquor in the first vessel to the boiling 
point ; the liquor would then have a temperature 
of 112° - 22° C. — 90° C., and the vapours 
escaping from the outlet tlie same t<*mporature 
of 1K)° (1 To this temperature of the vapour 
corresponds the absolute pressure of 025 mm., 
or in technical parlance, a vacuum of 23.5 mm. 
— say 9 in, A gauge {imrumeter) fixed to the 
outlet of the first vessel would ther(;fore register 
this vacuum. The steam enters the heating 
system of the second effet with a temperature of 
90° C. The liquid in the second vessel requires 
22'* for raising it to the boiling point and has 
therefore the temperature of 68° 0. If no loss 
of heat take place the temperature must be 
slightly higher, as the flow of liquid goes in the 
direction from the first effet to the second effet, 
and the liquid coming from the first vessel has 
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the temperature of 90® C. ; but this point may 
be neglected here. The vapour escaping from 
this second vessel will have the temperature 
of 68® C., which corresponds to an absolute 
pressure of 213 mm. (8‘6 in.) or a vacuum of 647 
mm. — say, 21*6 in. This vapour of 68° C. enters 
the heating chest of the third vessel and brings 
the liquid therein to the temperature of 46° C.” 

The Yaryan Evaporator. Rillieux, the 
inventor of the system of multiple evaporation, 
employed horizontal cylinders furnished with 
a number of horizontal tubes. A disadvantage 
is that the steam passes 
through all the heating 
tubes with a uniform 
velocity, very low in the 
ease of the second and 
third effets, thus making 
a rapid exchange of heat 
impossible. This led to 
the use of vertical vessels 
with shorter horizontal 
heating tubes such as 
are now employed. The 
next innovation was 
Yaryan’s, in which the 
liquid is passed through 
narrow tubes while the 
steam circulates around 
them. Yaryan adopts 
in his apparatus [6] the two principles of 
evaporation in vacuo and multiple effet. The 
evaporator consists of a series of straight tubes 
passing from end to end of a shell or drum 
and coupled together by an ingenious arrange- 
ment of pockets to form coils, the main advan- 
tage gained being the case with which the straight 
tubt^s can be examined and cleaned. 

As a rule the coils consist of an odd number 
of tubes, the inlet being at one end of the 
evaporator and the outlet at the other. At 
the outlet end of the evaporator is a separating 
chamber in which the liquid dis- 
charged from the tubes is completely 
separated from the vapour. Below 
the separating chamber is a collecting 
chamber into which the liquid flows, 
whence it is drawn by superior 
vacuum into the vaporising coils of 
the second effet, in which it under- 
goes a second process of evaporation 
by means of the vapour that comes 
thT-ough the vapour pipe at the top 
of the separating chamber of the first 
effet into the shell of the second effet. 

As noted above, evaporation takes 
place within the interior of the vaporising coils, 
the heating agent being outside the tubes, and ^ 
the rate of the feed of liquid to bo evaporated is 
arranged so that it cannot fill these coils, there is 
never any depth of liquid to be displaced by the 
vapour in its endeavour to escape from the 
heating surface. In addition to this the rapid 
circulation induced by the formation of the 
vapour in the interior of the tubes promotes a 
movement which brings into play the whole of 
the heating surface in a manner not attained 
in the multiple effet. 
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Lille’s Evaporating Apparatus. This 
apparatus, introduced in 1893, has for its object 
the separation of suspended liquid particles 
from the vapours evolved during the evaporation 
of liquids. By means of perforated plates 
the juice is distributed over a series of hori- 
zontal pipes arranged in a closed chamber. 
Steam is circulated through the pipes. The 
vapour from the juice passes through and around 
baffle plates into a prolongation of the evaporat- 
ing chamber called the subsiding chamber. 
The baffle plates cause the suspended particles 
to separate and fall to 
the bottom of the sub- 
siding chamber, whence 
th(\y are drawn off by 
means of a pipe below. 
The vapour passes off 
by an outlet pipe in a dry 
state, the pipe being in 
th(i upper part of the 
subsiding chamber. 

Harvey’s Evap- 
orators. Patented in 
1899, these evaporators 
arci constructed of a 
series of steam - pipes with 
vertical juice-circulating 
tubes and vapour- gen- 
erating vessels which are 
superposed in vertical columns so as to act as 
triple or multiple effet. Rapid circulation of the 
juice is attained and a quick rate of evaporation. 

There are numerous other varieties of evapora- 
tors, but each will be found to fall within one 
of the general kinds enumerated above. 

Crystallising. In the copper wall, Wetzel 
apparatus, and Fryer’s concretor, the juice 
is converted into solid sugar, while in the 
multiple effet and Yaryan evaporator the juice 
is only riduced to a syrupy consistencf' — until 
it has lost 79 per cent, of its bulk. When the 
juice has reached this stage it is 
transferred to a mcuum jxm and 
boiled* until grains of sugar are 
formed. The vacmuni pan [8] is 
fitted with two or three coils [7] of 
st(*am-pipe sufficiently separated to 
allow of free circulation of the con- 
tents of the pan. The pan is fitted 
with pumps for making a vacuum 
and a contrivancii called a proof 
stick for obtaining samples of liquid 
from the interior without brealong 
the vacuum. The working of the 
vacuum pan is as follows ; The air 
pump is started, and as soon as the vacuum 
reaches 26 in. or 27 in. the feed cook on the side 
of the pan is opened and sufficient liquor drawn 
in to cover the botto-A coil. Steam is then 
turned into the coil and ' the liquor rapidly 
evaporates. Further supplies of liquid are 
admitted at short intervals, the feed cock being 
opened for about 16 seconds at a time until 
the contents of the pan show signs of graining,” 
when samples are taken with the proof stick. 
The grain is ” fed” carefully, the cock l^ing opened 
frequently and each time the quantity admitted 
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increased. As the amount of syrup in the pan 
inoreaseB steam is turned on in the other coils 
until at the completion of the charge the pan is 
nearly full or up to the “ bull’s eye,” or sight 
hole, in the side of the pan. In this way the 
grain “ grows ” in size. The whole skill of the 
pan-boiler consists in inducing the grains to grow 
to their utmost, and this can only be done very 
slowly and by manipulating the temperature. 

Striking the Pan. The mass in the 
pan at the finish of the boiling is termed imsse- 
cuite, and the operation of discharging or 
emptpng the pan is kno>Mi as striking. The 
striking iK)int is judged by the firmness of a 
sample taken from the pan and suddenly 
cooled in water. When the grain is very small 
the pan is sometimes only half emptied and 
fresh syrup admitted, the half-emptying process 
bung imown as doMing^ and the discharged 
massecuitc as fird cut. Thb process with 
pure juices can he 
repeated several times, 
but a point is reached at 
last when the crystals do 
not increase in size, imd 
the whole charge is 
struck. 

To sav<» time in boiling 
it is now general to add 
sugar grams to tht‘ pan 
instead of forming grain 
from the syrup, this 
licing known as seeding. 

In fl pan containing 
about 30 tons of massc- 
cuite one ton of sugar is 
required, the sugar used 
being that recovered 
from the molasses. 

Demerara Sugar. 

The yellow crystals 
known under this nanie 
are produced by adding 
to the massecuitc sul- 
phuric acid so as to 
slightly char the sugar 
grains, and give the 
bright yellow colour so 
much admired. About three gallons of sulphuric 
acid diluted with one and a half galUms of water 
IS used for five tons of sugar. It was tormcrly the 
practice to employ a small quantity of chloride of 
tin, but this has been discontinued in view of the 
fact that the cumulative effects of the metallic 
impurity might be injurious, although no cases of 
bad effects have been reported. Artificially dyed 
sugar in which aniline colour is employ<»d lias been 
sold as Domorara sugar, but legal proceedings 
have now stopjied this. 

Curing the Sugar. Tlie masseciiite 
from the last operation consists of a mixture of 
crystalline sugar and molasses. Tlu* problem 
now is to separate the two. The oldest method 
is to run the mossecuito into coolers and when 
set to dig out the mass and put it into casks 
with perforated bottoms. In this way the 
molasses drained out partially and yields raw 
or muscovado eu/gar. This crude method has 


been replaced in most countries by treatment 
of the massecuitc in centrifugals. This process 
and crystallisation in motion, which now 
accompanies it, is dealt with in lesson 
dealing with refining. 

The recoveiy of sugar from molasses is dealt 
with at the end of the article on lieet sugar os the 
processes are common to the manufacture of 
cane and beet sugar. 

Cane Syrup. There is such a decided 
preference in the United States for sugar in the 
form of syrup that attention should be con- 
centrated on syTiijw. The Florida sugar cane 
is particularly well adapted for syrup production. 
In canning syrup the important point is to 
destroy all ferments in the syrup and the vessel 
by heat, and ther^ore prevent germs from 
entering. For family use fruit jars with rubber 
bands arc quite suitable. Golden-coloured table 
syrup manufactured in Barbados and Porto 
Rico commands such a 
fancy price in the United 
States that it would pay 
the growers better U» 
convert the whole of the 
cane sugar crop into 
syrup.' Th(‘ addition of 
a little citric acid helps 
to clarify the syrup and 
is advantageous,- because 
it inverts some of the 
sugar and thus prevents 
crystallisation. When 
an acid syi’up is used m 
cooking it advantageous- 
ly reacts with the bicar- 
bonate of soda employed 
as a baking - powder. 
The casks in whu*h the 
syrup is stored should 
have been steamed and 
Bulphurod before being 
filled with syrup. 

Cane Sugar Fac^ 
tory. A factory capahle 
of dealing with UK) 
of c.-uie per 24 liours and 
employing engines of 15(1 
h.-p., turning out 8 tons of sugar daily, could be 
erected and equipjied for about £40,000. The 
eaiie mills are placed on tlie ground floor and the 
juice 18 pumped up to the top floor and dirn'cnds 
as it is manufactured. In the la))oratory a 
'polariscope, such as is figured m the lesson on 
sugar U^sting, costs £10 ; a balance costing about 
£10 will also be required as well as dishes and 
other pieces of apparatus. I’he cstablisliinent 
of central factories has been urg<‘d as a means 
of resuscitating the sugar industry in the 
West Indies. A factory in which modern 
machinery and scientific control are installed 
would be able to obtain a better yield of sugar 
than smaller factories. The position of the 
factory would be determined by the facilities 
of transport, and if the factory were worked on a 
co-operative system among the cane growers 
friction would be avoided. In buying sugar 
cane the sugar yield is the only satisfactory basis. 
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HISTORY AN AGE OF MARTYRDOM 

21 Fall of Cardinal Wolsey. Sir Thomas More. Accession of 

coutii.iiedfioiu Edward VI. Queen Mary and the Persecution of the Protestants 


By JUSTIN 

\Y/E must go back some years to record the fall 
^ and death of Cardinal Wolse>. His fall was 
as rapid as his rise. He displeased the King by his 
indecision about Henry’s divorce, and his manj 
enemies quickly took advantage of his mis- 
fortunes. In 1529 he was prosecuted under 
the Statute of Praemunire, and resigned his office 
of Chancellor. He was afterwards impeached in 
the House of Lords, but the Bill was thrown 
out in the Commons, partly by the influence of 
Thomas Cromwell and paitly, it is said, by that 
of the King. His property was confiscated. He 
withdrew to York, but in 1530 was arrested on a 
charg(* of high treason. On account of his health 
he was allowed to travel to London by easy 
journeys, but he became so ill in consequence of 
an attack of dysentery that he had to stop at a 
monastery near Leicester, where he died on 
November 29th, 1530. 

Sip Thomas More. The reign of Henry 
VIII. is made painfully memorable by the 
manner in which death sentences were inflicted 
on some of his most distinguished subjects. Sir 
Thomas More, scholar, author, and statesman, 
born in London, February 7th, 1478, came to 
hold high public offices. He was a member of 
the legal profession as well as of the House of 
Commons, was elected Speaker of the House of 
Commons in 1523, and was later made Lord 
Chancellor. Like Colet and Erasmus, with both 
of whom he was acquainted. More was of the 
new order of thinkers, and went with them in the 
desire for certain reforms in the Church. But he 
could not consent, any more than they, to a 
complete rejection of the ecclesiastical authority 
of Rome. When Henry VIII. was declared head 
of the English Church, More, who had resigned 
the office of Lord Chancellor in 1532 because he 
was altogether opposed to the King's assumption 
of supremacy, refused to recognise any other 
head of the Christian Church than the Pope. 
His refusal to take the Oath of Supremacy was 
made the occasion for a charge of high treason 
against him, and after more than twelve months’ 
imprisonment he was sentenced to death, and 
was beheaded on July 7th, 1535. 

The Career of Thomas Cromwell. 
The fate of Thomas Cromwell is another 
event of Henry’s reign which has been almost 
universally condemned," although not, as in the 
case of Sir Thomas More, through admiration for 
the character of the sufferer. Thomas Cromwell 
is said to have been the son of a blacksmith and 
innkeeper in Putney, and to have served in his 
early years as a common soldier in Italy, and 
then to have been a clerk in Venice, Antwerp, 
and other places. Ho returned to England and 
became very successful as a lawyer and money- 
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lender; he attracted the attention of Cardinal 
Wolsey, who made much use of his services, 
and was probably the means of getting him into 
the House of Commons. He became Wolsey's 
secretary, and through him got into favour 
with King Henry. Cromwell advised the King to 
declare himself the supreme head of the Church 
of England, so that he would thus be able to 
settle the question of his divorce in his own 
Ecclesiastical Courts. Cromwell’s action also 
brought about the suppression of the monasteries, 
although it is understood that he himself re- 
mained a member of the Church of Rome. He 
was made Chancellor, Secretary of State, and, 
finally, Earl of Essex. Then the tide of success 
suddenly turned, the reaction against Henry's 
claims to absolute spiritual domination H(‘t 
in, and Henry found himself embarrassed by 
the unpopularity of Cromwell’s measures and 
character. 

When Henry could no longer with safety make 
use of any favourite minister, it seldom cost him 
much time to discover the quickest way of getting 
rid of the encumbrance. Cromwell had not been 
for quite two months the lK*arer of an earl’s title 
when he was arrested on June lOth, 1540, 
and sent to the Tower. He was accused of high 
tn‘ason by the Duke of Norfolk, was not allowed 
any form of trial, but was condemned on a Bill 
of Attainder, an antiquated^ and odious practice 
which had been much favoured by Cromwell 
himself during his days of power. 

The Bill of Attainder. The effect of a 
Bill of Attainder in those days was that when 
once it had been doelart^d in force by the ruling 
powers against any obnoxious person that 
jK^rson was thereby put outside the range of legal 
trial, and had to be forthwith condemned. 
Oomwell was accordingly beheaded on Tower 
Hill, July 28th, 1540. 

There were several oth<‘r executions during the 
reign of Henry VIII. which seemed as sudden 
and as capricious in their character as those we 
have mentioned, executions which appear to 
have been mere judicial murders, committed to 
gratify some humour or to secure some sujiposed 
interest of the sovereign. The foreign policy 
of Henry continued for some time in alternations 
of antagonism, nOw with France and now with 
Germany, but the historical responsibility for 
this continuous warfare cannot be laid altogether 
on the shoulders of the English monarch. The 
whole condition of Europe at that time tended to 
lOBolve itself into a struggle for superiority 
between England, Germany, and Franco, the 
great rising and rival Powers of the world ; 
the political life of Europe was then only at an 
early stage of development, and there seemed to 
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be something going on which resembled a mere 
struggle of organic physical forces. 

Peace Between England and France. 

France gave much excuse for some of Henry’s 
hostility to her by her constant endeavours to 
obtain control over Scotland, and to convert the 
northern and the southern division of the British 
island into two entirely separate States, the 
Scottish kingdom becoming a sort of partner 
with the realm of the French monarch. In 154f> 
a peace was concluded between England and 
France which, among other advantages to 
Henry, relieved him for the time from the inter- 
ference of the French monarchy with Scotland. 
Henry’s life was now drawing to a close. He 
had overtasked himself in every sense, had put a 
strain upon all his powers, physical and intel- 
lectual, had had too much work, too much 
pleasure, too much passion, and his life came ‘to 
an end on January 281 h, 1547, when, according 
to our modern estimate of man’s age, he had 
not long passed the most vigorous pf'riod of his 
e.vi8tence. 

Henry VITI. He lived and reigned during a 
period when one of the greatest political and 
religious convulsions which had come upon 
Kurope since the birth of ( ’hristianity was jiassing 
over England. By one class of historians he is 
regarded as one of the greatest impelling forces 
of that movement, wliile by others ho is set down 
as merely one of its involuntary instruments. 
Many of his deeds as a sovereign and a man are 
inc'apable not merely of defence, but even of 
excuse ; and the most favourable plea that can 
lie made for these passages in his career is 
that other monarchs have committed sins as 
great and have yet been allowed by the general 
verdict of posterity to have mad<» their country 
greater and stronger than they found it. So 
mucli, at least, must acknowledged when we 
study the reign of Henry Vlll. Ho made his 
country greater than he found it, and if his life 
was stained with sin and crime, it must be owned 
that he lived at an age when the successful main- 
tenance of his country against many powerful 
enc'mies was believed to be a sovereign’s best 
excuse for his sins against the codes ol morals 
and religion. 

Edward VI. The reign of Edward VI. is 
memorable chiefly because ot som(‘ of the 
‘ trangt* and even grotesejue incidents and 
characters which it encloses. Edward, the son 
of Henry Vlll. b\ his third wife, Jane Seymour, 
was only in Ids tenth year when he succeecled in 
the January of 1.547. The boy’s uncle, Edward 
Seymour, Earl of Hertford, in defiance of the will 
of Henry VIII., by which Edward VI. succeeded 
to the throne under th(* regency of a counc il of 
sixteen members, mostly Reformers, got himself 
made Protector to the young sovereign. He 
invaded Scotland in 1549, with the object of en- 
forcing the contract of marriage between Edward 
and the Scottish i)rince88, afterwards famous in 
history as Mary Queen of Scots. Mary was the 
daughter of JaAies V. of Scotland, and was bom 


at Linlithgow on December 8th, 1542, when her 
father was lying on the bed of sickness from 
which he was never to rise. Mary thus became a 
queen a few dajrs after her coming into the world. 
It was arranged by the K(*gent of Scotland that 
Mary should be given in marriage to Prince 
Edward of .England. The Scottish Parliament, 
however, annulled the contract ; thcri*upoii the 
English Protector invaded Scotland, and tlu' 
Scots w(*re defeated at Pinkie on S<'pt ember 
10th. The marriage* between Edward of England 
and Mary of Scotland was not accomplished, and 
Mary was affianced to the* Dauj)hin of France*. 
The Protector, who liad now created himself 
Duke of Somerset, received information, on his 
return to England, that his brothc'r, Lord Sey- 
mour, an Admiral in the Service*, had bc('n 
intriguing against him, which Somerset regarded 
as intriguing against the welfare of the King 
(ind the State ; and without troubling himself 
about considerations of family and f(*eling, he 
had Lord Seymour executed in March, 1549, 
I.-ord S^‘ymour was the sc'cond husband of 
(’atlieriiie Parr, widow of Henry VIII. 

same year there were two uprisings in 
one of the Catholics in Devonshire, who f<*It 
themselv’es lieavily oppressed by the new laws 
follouing the Reformation, and another of tlu* 
discontented agrarian population around Nor- 
^\ich. Both risings were suppressed without 
much mercy by Somerset. But Someis(*t’s power 
was s(HUi to come to an end. He found an 
()])ponent in the p(*rson of John Dudley, Earl of 
Warwick, who was making himself very influ- 
c‘ntial throughout England. I’lie country turned 
against the Prote(*tor; he was a(*<*us^*d of ambi- 
tious designs dangerous to the State, and was 
executed on January 22nd, 1552. No sooner was 
Somerset execuU‘d than the country found it 
h '..d reason tf' regret liim, for the n(*w manager of 
affairs proved to he even a more seltish and, if 
possible, a less statesmanlike rul(*r. Dudley’s 
great ambition w^as to bring his own family into 
the liiK* of succession. He liad by this time 
obtained the title ol Duke of Northumberland, 
and married his fourth son. Lord (luildford 
I)udl(*y, to Lady Jam* (jlrey, wlio was the ^ 
d.'iughter ol Mary, younger HiHt(*r of Henry v x 
and to whf>m, hy the will of that sover(*ign, wu- 
crown was to pass if there were no children 
of Edward or of either of his sisters, Mary and 
Elizabeth. 

The young King was now dying of eonsumpt ion, 
and Northumberland induced him to consent to a 
project for the ex(*luHion of his sisters from the 
succession, and the nomination of Lady Jane 
Cin*y. He prevailed on Edward to accept this 
«arrang(‘m^nt, and a d(*claration embodying its 
purpose was formally drawn uyi. Tlw* boy King 
died at rireenwieh on July fith, 1.5.53. Northumber- 
land was supposed by some to have hastened 
his death by poison, but of this there is no 
auth(*ntic evidence. Edward had no opportunity 
of proving that he had any capacity for rule, 
though he seems to have possessed much of tlic 
talent as well as some of the vices of the Tudors, 
and he lives in history only a i a name. 
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On tlie death of Edward, Mary, daughter of 
Henry VIII. by his first wife, Katharine of 
Arragon, became Queen. Mary was born at 
Greenwich on February 18th, 1516. She had been 
remarkably well educated, loved reading and 
books, could read many languages, and was 
devoted to the Church of Rome. Northumberland 
had ptrevailed upon his half-brother and his 
Council to sot aside her claims. Lady Jane Grey 
was actually proclaimed Queen in London, July 
10th, 1553, but had no support. The force of 
public opinion throughout the country was 
exerted for the maintenance of Mary’s claim, 
and she received a triumphal welcome on her 
public entrance into London. The English 
people had become thoroughly weary* of 
Northumberland and his policy, and he and 
two of his confederates were sentenced to death 
and executed. 

A Friend of Rome. It was not long 
before Queen Mary began to take measures 
to prepare the way for the restoration of the old 
form of faith in England. She restored to their 
S^es the Catholic Bishops who had been dispos- 
sessed, and she even went so far as to imprison 
some of the most prominent Reformers, although 
she did not as yet venture to take any steps for 
the re-estahlishment of Papal supremacy. Her 
first great trouble arose out of her proposed 
marriage with Philip of Spain, only son of the 
Emperor Charles, who afterwards became, on 
the death of his father, the sovereign of Spain, 
the two Sicilies, the Netherlands, Mexico, Peni, 
and other regions. Philip became tlie husband 
of Mary, in spite of the protests raised against 
the marriage by the great majority of the English 
people, who regarded Spain as the enemy of 
England, and were convinced that the union of 
their Queen with the Spanish prince could moan 
nothing less than an attempt at the restoration 
of the Catholic religion. 

One of the first measures taken by the 
new Queen and her Council was the bringing 
of Lady Jane Grey to trial, her imprison- 
ment in the Tower, and her sente ice to 
death. Ij&dy Jane Grey might probably have 
been spared if she had consentc'd to give up the 
Protestant faith, but she scorned every proposal 
made to her, and the rebellion raised by Sir 
Thomas Wyatt against the marriage with a 
Spanish prince only served to stimulate the 
supporters of Mary to the harshest deeds. Mary 
at this time suspected her sister Elizalieth of 
complicity in Wyatt’s rebellion, and imprisoned 
her in the Tower. As no evidence could be 
found against her, however, she was released 
in a few months and sent to Woodstock in 
the care of Sir Henry Beddinghold, Lady Jane 


Grey, her husband and father were publicly 
executed in 1554, even before the marriage of 
the Queen. 

Protestant Persecution*. After the 
marriage began the reign of persecution, which 
brought upon the Queen the odious and well- 
remember^ popular name of “ Bloody Mary.” 
How far Mary was responsible for the cruelties 
committed in her name it is hard to say, for she 
appears to have had at the opening of her public 
career a generous and a loving nature ; but she 
certainly made herself responsible for the out- 
rageous acts of persecution committed during her 
reign. Cardinal Pole, an Englishman by birth, 
was sent over to England as a Papal delegate, and 
became one of Mary’s most favoured counsellors, 
and was created Archbishop of Canterbury. Such 
eminent men as Latimer, Ridley, and Cranmer 
w'ere tried for heresy, found guilty, and burnt at 
the stake. Latimer was burnt with Ridley in 
front of Balliol College on October 16th. 1555. 

It is believed that during the last three years 
of Queen Mary’s reign no less than 300 victims 
of religious persecution were put to death on the 
scaffold or at the stake. We must bear in mind 
that in those days religious persecution by ruling 
powers expressed itself in deeds unknown to the 
modem world, and that long after the reign of 
Mary there was a persecution of Catholics which 
brought its victims to the axe and to the flames. 
But even for Mary’s time such cruelties w'cre 
extravagant, and nave marked the history of 
her reign with a horror which must live for ever 
among the world’s most ghastly records. Mary, 
meanwhile, suffered from many disappointments. 
She was the victim of long illness ; she had fcAind 
that her husband was selfish and worthless, and 
it was a bitter disappointment to her that she 
had no children to maintain the succession. 

Calais Recaptured by France. She 
dragged the country into a war against 
France to support her husband, who had suc- 
ceeded to the dominions of Spain. The people of 
England could not throw their souls into Ibis 
war, and it had hardly begun when the French 
won a decided victory and recaptured CaUis, 
which had been taken by Edw'ard IIT. Mary 
was wounded to the heart by this calamity, for 
which she must have felt herself to be mainly 
responsible. Her health broke down com- 
pletely, and she died on November 17tb, 1558. 

Before the war had gone much farther, England 
was loft without any territory in France. Yf 
Mary had lived longer, it is probable that the 
country would have risen against her disastrous 
rule. Her death at that crisis seemed to light a 
ray of hope in the hearts of the majority of her 
subjects, whose patience was almost exhausted 


Continued 


3834 



Group 14 

METALLURGY heiais 

1 

Classes of Ores and the Various Methods of Recovering 

their Metal Contents. The Physical Properties of MeUls " 


By A. H. HIORNS 


|^ETALLUR(5Y originally implied a knowl<‘dge 
of the art of extracting metals from their 
ores in a sufficient degree of purity to enable th(‘ra 
to be employed for industrial purposes. The 
methods employed were largely empirical, 
depending partly on chance and partly on know- 
ledge handed down often from father to son ; and 
although great skill was acquired by the work- 
man, only special ores could be treated, with 
the expenditure of enormous labour and an ex- 
cessive consumption of fuel. At the present 
time metallurgy is ttmding to become a true 
science. The importance of the prof<*asional 
art is diminishing each year bt»fore the applica- 
tions of science, methodically conducted by 
c'xperts in every branch of the subject, who are 
applying th(‘ laws of chemistry, })hysics, and 
mechanics to metallurgical operations of all 
kinds. 

What is Metallurgy? The term metaU 
lurgy has now acquired a much mort* extendt‘d 
meaning ; it includes a knowli'dge of the pro- 
perties of the various metals and the mod<*s 
of their application to manufacturing purjioses. 
Tt comprises a numbiT of physical and mechanical 
operations many of whi(*h are oonducU‘d at 
very high temperatures, so tliat a knowledge of 
the principles of heat and ri'fractory materials is 
necessary. Metallurgy is essentially a chemical 
art, and an acquaintance with that important 
branch of science is necessary to its study. But 
m(‘t allurgical chemifitry is a spwial branch of 
chemical sciimce which does not come within 
the ordinary sphere of academic teaching of 
chemistry, and purely analytical and laboratory 
methods are often inapplicable to pres-esses con- 
ducted on the large scale at high tcmperatur(‘H. 

Only a few years ago temperatures wen* deter- 
mined' in a very uncertain manner, the tempera- 
ture of a metal being judged by the changes 
of colour perceived by the eye, and the terms 
dark red, cherry red, orange, white, yellow, etc., 
were used to express different temperatures 
Now a manager without leaving his office or 
laboratory may ascertain each moment the 
precist* degree of temperature ot a furnact* or of 
a metal by placing in it a thermo-couple, which 
generates a current of electricity, the value of 
which is signified by a suitable recorder. 

Ores. Metals occur in nature in ores, 
which may bo termed metalUferavs matter. Ores 
require special preparation before they are sub- 
mitted to the smelting operation. Tht* ore 
proper is associated with more or U^ss extraneous 
matter, termed the matrix or gangue. 

The nature of an ore depends on the nature and 
condition of the contained metal. Iron ores 
are seldom smelted when they contain less than 
30 per cent, of iron. Ores of lead and zinc are 


poor with 30 per cent., while a copper ore is 
(‘onsidered very rich with 30 per cent, of the 
metal. Silver, and especially gold, ores are very 
valuable when they contain a few ounces to the 
ton. The metallic minerals are generally 
oxides, carbonates, silicates, sulphides, arsenides, 
chlorides, etc., sometimes alone, but very fre- 
ijuently associated together, forming complexes. 
The gangue may consist of quartz, lime and 
magnesia, silicates, flou rides, sulphates, etc., and 
th(*se sometimes perform useful functions in the 
extraction of the metal. 

Classes of Ore. Ores may be classified 
under two chief oatcigories — ores with earthy 
gangue and ores with metalliferous gangue ; the 
latter are chiefly oxid(*s and carbonates of iron 
and iron pyrites. Many metals occur in the 
earth as sulphides, and these are often con- 
v(*rted into oxides and carbonates by the action 
of air and moisture, so that many sulphides are 
found with a cap of oxide or carbonate. 

Ores vary considerably in the amount of metal 
they contain and in the natur(‘ of the contained 
metals. In many cases there is only one metal 
present ; in others the ores are complex — tliat is, 
th(*y contain two or more metallic compounds, 
henc(i it is often necessary to submit them to 
preliminary process's, such as washing, crushing, 
dressing, and roasting, in ordc^r to prepare them 
for smelting. 

Concentrating Ores. It is desirable to 
crush most ores to a more or less finc'ly divided 
state. For rough crushing a rock-breaker is 
g<*nerally used, and for fine crushing a stamp 
hattei^ or a pair of rolls. After crushing valuable 
miniTals, it is often necessary to submit the 
material to a conc(*ntrating proee^ss, whereby 
the lighter gangue is meclianically scfiaraied 
from th(‘ heavier and more valuable metaili- 
f<*rouH matter. Concentration is best effected 
bv the agency of water, th<* mineral matter 
being R(*parated by its higher specific gravity. 
When a mixture of light and heavy particles 
of equal size is stirred up with water and allowed 
to settle, the latter naturally sink towards the 
bottom, and the former settle towards the top. If 
such a mixture b(' conveyed by a stream of water, 
and the course of the stream 1 m* slightly checked, 
tlie heaviest particles will subside first. By 
passing the stream through a series of receptacles 
the grains may Ik* collected according to their 
specific gravity. By allowir^ a stream of water 
to flow over very finely-divided ore, spread out 
on a slightly sloping surface, which is slowly 
revolving, the lighter particles ani swept away, 
leaving the heavier behind. 

* Roasting or Calcining. Ores, after having 
been suitably prepared by mechanical means, 
may be treated directly for the extraction of the 
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metal or submitted to a preliminary operation 
termed calcining^ or roasting, at a moderate tem- 
perature, in order to expel volatile matter, and, 
if necessary, to convert the metal into the form 
of oxide which is chiefly efltected by the oxygen 
of the air. In some instances it is desirable to 
form a sulphide, an arsenide, or a chloride, in 
which cases sulphur, arsenic, or chlorine takes 
the place of oxygen ; such an artificial sulphide 
is termed a regvlus, and the arsenide a speise. 

In the case of sulphides the roasting may be 
conducted so as to remove the whole of the 
sulphur, when it is said to be “ doad-roasted,” or 
it may be necessary to remove only a portion of 
the sulphur. In some instances the roasting is 
performed at a moderate temperature so as to 
convert one or more of the sulphides into soluble 
sulphates. If the temperature be allowed to 
rise too high, the sulphates are decomposed, 
forming oxides. With some sulphide ores the 
roasting has to be very carefully conducted to 
prevent partial fusion and clotting. To prevent 
this, lime or some other inert substance is added 
to the charge. Clotting is very marked in ores 
containing sulphide of lead or antimony. 

Metallurgical Proceaaea. Metallurgical 
processes may be classified under the following 
heads : 

1. Liquation. In this process an easily -fusible 
metal or compound may be separated from an 
infusible or difficultly -fusible one by taking 
advantage of the different melting points. In 
this way bismuth and sulphide of antimony arc 
obtained from their ores, and argentiferous lead 
is separated from copper 

2 Distillation and Sublimation. By 
heating ores of mercury and arsenic the solid 
metals are driven off in the form of vapour and 
condensed in a liquid or solid state. 

3. Reduction of Oxides at High Tempera- 
tures. Reduction of oxides is usually effected 
by heating with carbon or carbon compound, or 
other bodies having a greater affinity for oxygen 
than is possessed by the metal. 

4. Reduction of Sulphides by Iron. Lead 
and antimony arc reduced by iron at high 
temperatures, forming sulphide of iron and 
liberating the metal. 

6. Lead Method of Extraction. Gold and 
silver are extracted from certain of their ores in 
virtue of their solubility in molten lead. 

6. Zinc Method of Extraction. Gold and 
silver are separated from lead b> means of 
molten zinc. 

7. Mercury or Amalgamation Method of 
Extraction. Mercury is used cold for extracting 
gold and silver from their ores, the mercury 
being afterwards driven off by heat. 

8. Wet Methods of Extraction. By means 
of acids and saline liquids, ores of copper, silver, 
nickel, etc., are dissolved, and the metal or a 
compound of the metal is precipitated by another 
metal or reagent. 

9. Electrolytic Mi^hods of Extracting 
AND Refining. This method is employed for 
the production of aluminium, nickel, and several 

3836 


of the rarer metals, such as calcium, chromium, 
molybdenum, etc. ; also for the refining of 
copper, silver, and nickel. Iron is also now l^ing 
extracted by electric furnace methods. 

10. By the action of highj^ oxidisable sub- 
stances on metallic salts, as in the precipitation 
of gold from its solution by ferrous sulphate. 

11. Crystalusation. Lead is crystallised 
out from a molten bath of argentiferous lead 
in what is known as Pattinson^s Process, and 
argentiferous zinc is removed from lead on a 
similar principle in Parkes* process. 

Metals are extracted from their ores by dry 
or furnace processes, by wet processes, and by 
electro-chemical processes. 

Physical Properties of Metals. Metals 
are capable of existing in thc^ gaseous, liquid, 
solid, and semi-solid states, and although the 
properties vary according to the physical state, 
the difference is one of degree rather than of 
kind. A solid is a body which can, to some 
extent, resist a change of state, or which can, 
to a certain degree, sustain a vertical pressure 
without being supported laterally. Metals may 
be regarded as typical solids. A liquid consists 
of particles which have considerable mobility, 
and may therefore be moved about among 
each other with the greatest facility. Hence 
two different metals mixed together in the 
liquid state will diffuse into each other and 
form an alloy. 

A liquid differs from a solid in being destitute 
of the power of sustaining pressure unless 
supported laterally, and its surface will be flat 
when the whole mass is at rest. A semi -solid, 
or plastic body, possesses projierties intermediate 
between those of a solid and those of a liquid. 
Wrought iron at a welding temperature is a good 
illustration of the case in point. A gas is 
distinguished by the power of indefinite expan- 
sion, so that, however small the quantity, it 
will at once expand and till the empty vessel, 
however large, m which it is placed, and will 
exert a pressure against the interior surface m 
all directions. 

Liquid and Solid Metals. Liquids and 
gases are all included under the general name 
of flvids. There are many points of resemblance 
between solids and fluids which it will be 
useful to consider now’. All substances are 
porous, because the particles of which they are 
composed are not absolutely in contact at 
every point, but are more or less separated by 
intervals of empty space in the interior. 

All such cavities which can be perceived, even 
with the aid of the most powerful microscope, 
may be termed sensible pores, but the different 
molecules, of which the mass of any matter is 
composed, are also separated by spaces which 
no optical instrument can enable one to detect, 
and it is probably in virtue of such spaces 
that gases can be absorbed by metals and 
possibly condensed to a liquid state. 

In a similar way may be explained the fact 
that mercury will penetrate, and even pass 
through, many metals. Thus, a bar of tin is 
easily permeated by mercury without being 



MKTAIS 


destroyed, although the mercury makes it very 
brittle. In consequence of porosity both liquids 
and solids are sensibly compressible, but the 
latter more so than the former. 

** Flow ** of Solid Metals. Solids may 
be made to flow like liquids under the influence 
of pressure, otherwise it would be impossible to 
ftishion metals into various shapes by the 
mechanical processes of hammering, rolling, 
and spinning. One of the best illustrations is 
that of lead, which is made into pipes and other 
shapes hy squirting^ as it is called, in an apparatus 
constructed on the same principle as the syringe. 
The forging of iron may be cited as another good 
example of the flow of a solid. Even a brittle 
solid is not destitute of this property, if time 
be allowed to enable it to flow from one point 
to another. Professor Spring has also proved 
that the particles of a m(‘tallic po\\der may be 
forced into a compact mass by strong com- 
pression. Tn this way alloys have been perfectly 
formed without the aid of heat, and poss(‘ssing 
much the same proj)erties as they would ^\hen 
formed in the usual way by fusion in a crucible. 
It lias been shown that the ease with which 
fluids diffuse into each other is characteristic of 
the fluid state. But Professor Abel has proved 
that carbon in a plate of solid st<‘el can pass 
from it into a plate of solid iron if the two 
plates be tightly pressed together, even at the 
ordinary temjKTature. 

I^astly, liquids, when exposed to the atmo- 
sphere, or espt'cially when placed m vacuo, 
grailually vaporise, and solid mercury wdien 
solidifieu by extreme cold slowly evaporak'S. 

Colour and Lustre. Most of the whit>e 
light which falls upon a polished surface is 
reflected, Imt a small portion is absorbed, and 
this, being decomposed, is robbed of certain of 
its constituents, and the residual rays pnaluce 
the effect of colour. In some metals, such as 
"opper and gold, the absorption is more marked, 
hence copper is red and gold is yellow, while 
most of the other metals are white or greyish 
white. The differences of colour enable one to 
distinguish one metal from another. The 
colour of a metal is often modified by the 
presence of an impurity, and in some cases tht* 
nature of the impurity may be judged by the 
difference in the shade of colour. The lustre 
of a metal is independent of its colour, and de- 
pends upon the perfection of its power of re- 
flecting light. 

It varies with the purity and the degree of 
polish which has been impartt»d to it Th<‘ same 
metal may have a different cohiur according 
to the state of division of its particles. While 
most metals arc opaque, some aie semi-trans- 
parent, and transmit only certain of the con- 
stituents of white light. Thus gold l(*af is green 
when observed by transmitted light. 

Fusibility. All metals are fusible, but 
some require the very highest tiimperature to 
melt them. When strongly heated, metals 
pass from a browmish red to a clear red colour, 
which gradually increases in luminosity and 
transparency to a dazzling white. It is convenient 
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Metal. 

MiKliiti 

ill dejjiwK 

CViiUkiwU 

H|Ki till 
Kia>ll> 

Kleitiii coil 
dmtivlt^ 
Meiuii V- 1 

Tenavlty in 
toiiH pel 
■qiiau i Ill'll 
appioxi- 
iiiatel> 

AluiUltUUTU 

((25 

2 -50 

31-7 

12 

Antimony 

«32 

0-71 

2-0 

0-5 

Arsenic 

r>oo 

6-«7 

2-7 

0-5 

Bismuth . . 

26H 

les 

0-8 

0-5 

(Copper 

1,0S0 

8-82 

65-0 

8-5 

(fold 


10-32 

43-8 

7 

Iron 

J,60(l 

7-H« 

8-3 

26 

Load 

32« 

11-37 

4-8 

1 

Mcrciirv . . 

311 

13-60 

1 1-0 

— 

Nickel ‘ . . 

1,600 

8-8 

7-4 

25 

(Mnlmum . . 

1,770 

2 1 -6 

8-3 

22 

Sdver 

OiiO 

10-53 

1 57-3 

10 

Tin 

232 

7-3 

8-2 

0 

Zinc 

420 

7-16 

10-0 

7 


to use' three colours to express roughly certain 


ranges of temperature, thus ; 

Incipient red . . . . 5*25^^ Centigrade. 

Bark red . . . . 

Cherry red .. .. 800“ ,, 

Orange 1,000“ ,, 

White .. .. .. 1,‘200“ 

Dazzling white .. 1,500“ ,, 

The following table gives the ajiproximate 
melting points of various midals : 


Metal 

Mells at 

Metal 

Melts ut 

Tin .. .. 

232 (‘. 

SilvcT 

c. 

Bismuth 

208 ’ (’. 

Cold 

1,000“ c. 

eWraiurn 

320“ C. 

(Vpper . . 

l.CISO" 0. 

l^'ad 

320 “ {\ 

Nickel . . 

1,500° C. 

Zinc 

420 V. 

Palladium 

hSIK)" C. 

Antimony 

032“ C. 

Pure Iron 

1 , («>(»" (1. 

Aluminium 

025“ ( . 

Platinum 

1,770" (!. 

Magnesium 

750“ (\ 

Iridium . . 

2,500" ('. 


Advantage is taken of the fusibility of a metal 
to produce castings from a given patt(‘rn and to 
join metal parts together by soldering. Metals 
with high fusing xioints, such as iron, are usc*d 
for fire-bars, melting-pots, and similar purj>os<*8 
I see also article U‘ginning on page 2802]. 

Crystallisation of Metals. On solidifi- 
cation afk»r melting, metals usually crystallise. 
Crystallisation also occurs when metals an* 
condensed from a state of vapour, or dc'posited 
from solutions by means of electricity. U’his 
crystallisation of metals is of gn^at importance, 
as the formation of crystals in m(‘tals due to 
continued vibration, intense cold, suddtm altera- 
tions of temperature, or the presence of im- 
puritic*s may render a metal absolutely u.scless. 
Crystallisation may serv(* to indicate the quality 
of a metal, as in the ease of foundry pig iron ; 
to indicate th(* presc*nce of impurities, as in 
the cast* of antimony in lead ; or to sejiarate 
metals on the largt* .scale, as in the Pattinson 
proct'ss of desilverising lead. 

Density or Specific Gravity. The 
density of a metal depends on the closeness of 
contact between the molecules. It is influenced 
by the crystalline structure, temperature of 
casting, rate of cooling, mechanical treatment, 
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and tho purity of the metal. The density of a 
metal is increased by wire-drawing, hammering, 
rolling, or other compressive force, which closes 
the pores. With the exception of bismuth, all 
metals are denser in the solid than in the liquid 
state. The densities of the metals are as 
follows : 


Platinum 

.. 21-5 

Copper 

8*82 

Gold 

.. 19*32 

Cadmium . . 

8*60 

Mercury 

.. 13*59 

Iron 

7*86 

Palladium 

.. 11*20 

Tin . . 

7*29 

Lead 

.. 11*37 

Zinc 

7*15 

Silver 

.. 10*53 

Antimony . . 

6*71 

Bismuth 

. . 9*80 

Aluminium 

2*56 

Nickel 

. . 8*80 

Magnesium 

1*74 


The specific gravity of gold, being very high, 
renders it very suitable for coinage. On the 
other hand, the much lower relative weight of 
iron is an advantage in building, and aluminium, 
owing to its strength and lightness, is useful for 
many purposes where lightness is desirable. 

Toughness. This is the property of 
resisting fracture by bending, twisting, or 
similar means, after the limit of elasticity has 
been passed. This is well exhibited in tho case 
of copper and lead. 

Malleability. When a body can be 
permanently flattened under a hammer or 
between rolls without cracking, it is said to bo 
malleable. If it break, it is termed brittle. 
Malleability depends on tenacity and softness. 
During the working of metals, the particles are 
forced into unnatural positions, but by heating 
the mass strongly, and allowing it to cool 
slowly, they are brought back to their normal 
state. This is termed annealing. Gold is the 
most malleable of metals, combining the two 
properties of softness and tenacity in tho highest 
degree. Some metals are malleable when hot, 
but not when cold ; they are then termed cold- 
slwrt. Other metals are just the reverse, and 
are then termed hot-slwrt. Ordinary 74inc is 
malleable only at 100° to 150° C. The order of 
metals for malleability is as follows ; gold, 
silver, copper, tin, platinum, load, zinc, iron, and 
nickel. 

Ductility. When a metal can be drawn 
into wire, or lengthened by a tensile force com- 
bined with lateral pressure, without breaking, 
it is said to bo dtwtile. The ease with which it 
can be reduced will d(‘pend on its softness, but 
tho thinness to which it may be drawn will 
depend on its tenacity, which property has more 
influence on the ductility of metals than on 
their malleability. Tho rate at which the 
traction is applied also exerts considerable 
influence on the ductility. The following metals 
are arranged in the order of their ductility : 
gold, silver, platinum, iron, nickel, copper, zinc, 
tin. and lead. 

Tenacity. This is the property of metals 
by which they resist, in varying degrees, the 
separation of their molecules by the action of a 
tensile stress. It not only varies with each metal, 
but also with the physical condition of the metal. 
It is generally diminished by a rise in tempera- 
ture, while the reverse is often the case with 
regard to malleability and ductility. Some 


metals have a low tenacity, and are 'then often 
brittle. The tenacity or tensile strength is 
determined on a straight bar, held firmly at one 
end, and a gradually increasing weight applied 
at the other end until it breaks. Tne strength 
is usually expressed as the number of tons or 
pounds required to produce the rupture of a one- 
inch -square bar. 

Elasticity. This is the property in virtue 
of which a body returns to its original bulk after 
its shape has been altered by external pressure. 
Any body which is thus capable of recovering 
its shape is said to be a perfectly elastic body. 
When a bar of metal is submitted to a tensile 
stress, it increases in length proportional to the 
weight applied. When a certain limit is reached, 
the stretching or strain increases more rapidly 
than the load, and then the bar will bo per- 
manently stretched. Tho point at which the 
stress and strain ceases to be proportional is 
termed the limit of elasticity of the metal. 
The elastic limit, breaking stress, and elongation, 
are of prime importance. In designing struc- 
tures it is more important to know how much 
weight a metal will sustain without permanent 
distortion than to know its breaking stress, in 
order that the greatest load may be applied well 
within the elastic limit of the material. 

Testing Metal Strengths. The above 
characteristics are determined by means of a 
tensile testing machine. This machine is made 
with two pairs of jaws in which the test piece is 
held, one pair being generally connected with 
the ram of a hydraulic cylinder and the other 
end with a lever carrying a weight, by which the 
tensile stress exerted by the ram is measured. 
Some machines have the jaw and test pieces so 
arranged that a pull is produced in a vorticjal 
plane, while in others the jaws are arranged 
so as to work horizontally. Sometimes it is 
advisable to obtain tho stress within the limit 
of elasticity. This is determined by an arrange- 
ment similar to the following. A single lever 



1. HYDRAULIC APPARATUS FOR TESTING 
METAL STRENGTH 


carries a poise which measures the load, while 
the pressure is applied by means of a hydraulic 
ram [1]. The ratio of BC to BD is 50 to 1. 
The poise is one ton, and when it is at D, it 
balances 60 tons at C. E is a revolving drum 
which is actuated by the wire attached by 
clips to the sp^imen which is being elongated. 
The pencil, which is actuated by pressure in the 
hydraulic press, has an axial motion proportional 
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to the stress ; a stress-strain diagram is thus 
obtained. Some materials, such as cast iron, 
are tested for their transverse strengths. The 
standard test piece for oast iron is 3 ft. 6 in. long, 
2 in. deep, and 1 in. wide, thus allowing for a 
distance of 3 ft. between the supports. [See 
also article beginning on page 1391.] 

Welding. When two pic*(‘es of metal are 
joined together by pressurt) to form one com- 
pact piece, they are said to be welded. It is 
necessary that the metals should be soft, with 
clean surfaces, and that they should possess 
considerable malleability and toughness. The 
requisite conditions for welding iron are obtained 
only at a high temperature with the metal in 
a plastic state. The motion of the molecules at 
a high temperature is raised to such a degree that 
they are capable of penetrating into each other. 
Steel requires to be welded at a much lower 
temperature' than iron Iwcausc of its lower mc*lt- 
ing point, and because the carbon is liable to bum 
off if the heat be too intense. Soft metals !ik(» 
lead can be welded at the ordinary temperature. 

Forging. Wlien a metal is caj)able of 
being hammered out into various shapes, the* 
operation is termed forginq. This property is 
tlu5 same as malleability, but has a more limiU'd 
meaning. Forging is an illustration of the solid 
flow of metals. (See also article Ix'ginning on 
page 2083.] 

Soldering. This term is applied to the 
ojx'ration of joining two surfaces of a metal or 
metals together by heat. In what is tt'rmed 
“ lead burning,” as used by plumbers, two pieces 
of lead are fused tog(‘lher at th(‘ edges by mt'ans 
of th<* oxy -hydrogen blowpipe, as in some cases 
the introduction of solder would not be admis- 
sible. This is the ease with the sheet -lead lining 
of acid chamlxTS. Solders are divided into two 
classes — hard, or fusing with difficulty, and sojt, 
or easily fusible. When h red heat is required 
to melt the solder the ojicration is termed 
hrazing. Brass solder bt'longs to this class. I'he 
solder must in all cases have a lower melting 
point than the metal to be soldered. 

Hardness. Hardness or resistance to abra- 
sion or cutting is generally increased by the 
presence of impurities in a metal, so that softness 
in many cases is a test of purity. l^h<* softness 
increases with an increase of t(*mperaturt‘ 
Manganese, nickel, and cobalt are the hardest, 
and lead one of the softest of metals. Hardness 
depends on the degree of attraction of the mole- 
cules for each other. 

Brittleness. When a metal readily breaks 
into fragments by the occurrence of a sudden 
shock, or if a metal be unable to resist fracture 
when subjected to a compressive force, as in 
rolling, it is termed brittle. Brittleness is not 
hardness, as sealing wax, for example, is brittle 
but not hard. A substance is brittle when it 
does not elongate under pressure. If a metal be 
crystalline and the cohesion Ix'tween the crystals 
be feeble, then the metal is brittle. 

Sonorouaneas. This property is possessed 
by the harder metals, and is very marked in 
certain alloys, such as those of copjier and tin. 


Impurities often increase the sonorousness of a 
metal, as in the case of antimony in lead. 

Conductivity. This is the proi)erty differ- 
ent metals possess of transmitting heat and 
elcK'tricity. The conducting power of metals for 
heat is as follows ; 


Silver 

. 1,(XK) 

Tin.. 

152 

Uopi>er 

. 73(i 

Iron 

119 

Gold . . 

552 

lx‘ad 

85 

Magnesium 

343 

Platinum . 

84 

Aluminium 

. 313 

Antimony. 

40 

Zinc . . 

. 281 

1 Bismuth . 

18 

Gadmiiim 

. 201 

1 Mercury . 

13 


In elet'trical language the rewistance of a metal 
to the flow of an electric current is more ofU'n 
used than the conductivity, the latter property 
vaiying inversely as the resistance. The resist- 
ance of metals is increased by a rise of tempera- 
ture and diminished by a fall of temperature. 
The following table gives the conductivity for 
electricity of the metals in a pure state ; 


Silver 

1,000 

Iron 

164 

( 'opper 

999 

Tin.. 

152 

Gold . . 

80fl 

liCad 

88 

Aluminium . . 

551 

Nickel 

79 

Zinc . . 

302 

Antimony 

42 

Platinum 

107 

Mercury . . 

25 

Palladium . . 

104 

Bismuth . . 

12 

Structure. 

Tlie fract urt'd surface* 

of 


metal or alloy often afhirds a general guide to 
its projiertics and adaptability to various uses. 
It is best obtained by nicking a bar with a chisel, 
gripping it in a vice, and striking it with a ham- 
mer. In this way either the brittleness or the 
toughness is shown by the angle through which 
it Ix'nds and the force required to break it. When 
broken, any great want of homogeneity is shown 
by the irregular appearance of the fracture. ^Jlie 
bar is said to be crystalline when it is made up 
of visible crystals. 

When the crystals are so small that they can- 
not be seen by the unaided eye tin* fracture is 
said to lx* granular ; occasionally the grains are 
so minute that they present merely a silk-like 
sheen, as in hardened steel and wrought eopp(*r, 
when it is t(*rmed a silky fracture. Wrought iron, 
when broken, shows a fibrous fracture, due to 
threads of enclosed slag. Usually a coarsely 
crystalline or granular fractun^ in a metal 
indicates less satisfactory working projierties 
than one of thi* same class in which the fracture 
is fln(*r ; and a fibrous metal is likely to be tough 
Ix'causi* the presence of the fibre is an indication 
that thi* metal was malleable enough to be rolled. 
The size of the grain is often largely depend<*nt 
upon the U'mperature at which a metal was 
cast and upon the subsecpient mechanical and 
thermal treatment that it has retxuved. 

metal which has been poured into a mould 
at a temjx*raturo far above its melting point is 
generally coarser than one poured at a lower 
temperature. Rapid cooling also tends to produce 
a fine grain. Hammering a metal produces a 
finer grain, and overheating produces a coarser 
grain. Very hard and brittle metals often break 
with a glass-like, lustrous, and curved structure, 
termed conc^hoidxd fracture. 


Continued 
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THE PRIVATE SOLDIER 

The Army as a CAreer. The Various Branches of the 
Service. StandArd for Recruits. Artificers. Duties And PAy 


By C. DUNCAN CROSS 


a moans to amassing a fortune the Army 
is not to be recommended. The pur- 
pose of the Sblp-Educator, however, is not 
to teach merely how to make money; it is 
to direct its readers toward the walk of life 
which affords a livelihood and at the same time 
offers an occupation which agrees with their 
tastes. That the Army, for itself, is an allure- 
ment to many a young man will not bo deni(5d ; 
and though to-day it is less true than in former 
times that every drummer-boy carries in his 
knapsack the baton of a field-marshal, it will 
be our business to show how a young man of 
spirit can earn a livelihood with honour to 
himself and with benefit to his country. 

Physical Standards. Any young man 
of good character and of good health may 
offer himself as a candidate for the Army. 
The standards of height and chest measurement 
vary with each arm of the Service. Of the 
most important branches they are as follow, 
though the figures arc liable to alteration accord- 
ing to the supply of and demand for recruits. 



Arm of Service. 

L ’ffht. 

Afrc. 



ft. in. ft. in. 


I f 

IIouHoholdCavalrj' 

T) 11 — « 1 

18—26 


Cavalr.i of the Line: Under 20 

5 4-5 7 

,, 

< 1 

,, „ Over 20 

5 0 — 6 8 



tiunnerH, R.II.A 

5 7 — 6 10 



„ H.F.A 

6 7 — 6 10 


s 

„ K.O.A 

6 8 and np- 

„ 



wards 


Si 

Drivers, H.Ii.A 

6 4 — 6 7 


< 1 

„ H.F.A 

6 « -.») 7 



Artillcers and Tailors . . . . 

6 4 and up- 




wards 


/ 

Sappers and Dontoniers 

6 4 „ 


so 

Boatmen 

6 4 


ss 

Shoemakers, Tailors, Brick- 



’C" 

Itt.i’crH 

6 6 

,, 

o 

DriverH 

6 6-6 7 


M 

Telegraph, and Kail way Re- 



V 

serve 

6 6 and up- 

19-30 



wards 


^ ( 

Foot Ouanls : Under 20 

6 7 „ 

18—26 


„ Over 20 . . . . 

6 9 „ 


h 1 
2m 

Line 

6 

„ 


Army Service Coriw . . , . 

6 ,‘1 — 6 6 



,, Dri\erH .. .. 

ft 2 — 6 4 



Royal Army Medical Corps. . 

6 8 and up- 

18-^28 



wards 



Army Ordnance Corps : 




Armourers and Machinists 

5 4 and up- 

21—30 



wards 



Others 

6 3 — 5 6 



Post Otfiee Corps 

6 4 and u)>- 

19-^80 



wards 



Chest measurement is also taken into con- 
sideration. The body must be well nourished, 
and, above all, there must be a range of expan- 
sion between the chest contracted and expanded 
of not less than two inches. 

Weight has something to do with the matter 
nowadays, particularly in the cavalry. The 
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Army no longer requires heavy men, who 
make a good show but tire out their mounts. 
So, except in the case of the Household Cavalry, 
a heavy man is not accepted. Therefore, if a 
man scales over 150 lb. he had better turn his 
mind to some other branch of the Service. The 
same is true of the artillery. Big, strong men 
are required for gunners, but small men for 
drivers. 

Skilled Tradeemen. In the Army, as 
in the Navy, there are openings for skilled 
tradesmen who desire to combine their skill 
with the pursuit of an adventurous calling. 

In the cavalry and artillery, men who have 
any knowledge of horses are always welcomed ; 
and a man who is willing to apply himself may 
hope for a ridingmastership, which carries with 
it an honorary lieutenancy. In the Royal 
Engineers there are openings for any trade? 
which is needed by an army in the field. In the 
Army Service Corps are to be found men con- 
versant with trades which arc useful for the 
supply of an army in the field. The Army 
Ordnance Corps calls for many men of miscel- 
laneous trades which have to do with the repair 
and upkeep of military works and stores. 
Lastly, for men with a certain professional 
leaning there is the Royal Army Medical 
Cor})B, in which an able man may always 
make his way. 

For those who have no particular trade but 
a liking for soldiering, there is the infantry. 
The pay is not so high as in the more skilled 
branches of the Service, but, on the other hand, 
the work is less arduous. 

In any case, let us impress upon the intending 
recruit one thing. The Army is a good masti^r 
but a bad servant. That is to say, that the 
man who joins the Army as he would join a 
business, intending to make it his livelihood, 
allowing nothing to deter him from success, 
will find the Army a good place to live in. On 
the other hand, the man who joins the Army 
for want of something better, who shirks his 
work, and who means to get out of it as soon 
as possible, will find himself at the end of his 
short service little better off than when he 
started. So we would say, having made up 
your mind to be a soldier, join young, and 
make the Army your home. With close attention 
to business you will soon reach. a responsible 
position, and will retire on a handsome pension, 
with a good prospect of civil employment in 
addition. With luck you may live to wear the 
sword of an officer. 

Promotion. It will be evident that no fixed 
dates can be laid down in which a man may 
expect promotion to a certain rank, the varying 
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conditions of service, and the element of luck 
which enters into the calculations, preventing 
such an attempt. A few general remarks as 
to possibilities may, however, be ventured 
In a Line regiment of infantry a smart man 
with fair education may expect to gain his 
first step in from six months to a year from the 
time he becomes a private. His second step, 
with the corporal’s stripes, may be hoped for 
in another six months or a year. As coi'poral 
he will have to serve anotlier three or four 
years before he gains his sergeant’s 8tri|3es ; 
and beyond that probably another two years 
or more before reaching the rank of colour- 
sergeant. In the Foot Guards and the House- 
hold Cavalry, where a higher standard of 
efficiency and smartness is demanded than in 
the Line, this time may be considerably ex- 
tended. In the skilled branches of the Army 
— the Engineers, the Arnw Service Corps, the 
Ordnance Corps, or the Royal Army Medical 
Corps, where the proportion of non-commissioned 
officers to men is greater, and individual re- 
sponsibility has to be accepted to a greater 
extent, the prospect of promotion is very good 
to the skilled man ; and there are many open- 
ings as storekeeper, foreman of works, and 
so forth, with good pay and comforts to those 
on the watch for them. 

A Commission. The ho}K^ is sometimes 
held out to intending recruits that they may 
work their way to a commission. In time 
of war a man may be, and often is, pio- 
motod to a commission for gallant conduct 
or special service in the field. In peace time, 
however, it is extremely rare for a man to 
be promoted from the ranks unless he has 
a first-clasH education, backed by a certain 
amount of money and influence. The most 
that a young man should expect, therefore, 
is to reach warrant rank and, perhaps, an 
honorary lieutenancy ; but, on the other 
hand, he sliould always bo ready to grasp a 
chance which will lift him beyond, for it is 
true in the Army, as elsewhere, that the best 
men are bound to come to the front, and that 
the so-called lucky man is merely the man who 
has prepared for the opportunity and has 
grasj^d it when it has arrived. 

With these general observations we will pass 
directly to the conditions of the Service and the 
method of entering it. 

How to Join the Army. Facilities 
for joining the Army lie around on every side. 
To begin with, there are the main recruiting 
stations in London, the head office near Charing 
Cross, and the other branch offices. In the 
country and the provincial towns a man can 
bo enlisted at every barracks of Regulars or 
Militia, and every sergeant-instructor of Volun- 
teers is ex-officio a recruiting agent, who will 
be pleased to give information, advice, and 
assistance to a young man who desires it. Last 
of all, and this is not so generaUy known, every 
soldier serving in his Majesty’s Army is a 
recruiter' who will take charge of the young 
man, will convey him to the nearest point 
whore he may join, and will draw the sum 
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offered by the Government to its agents for 
the body of a recruit. Certain regiments — 
the Guax^, for example — ^have special recruiting' 
stations and special methods of attracting 
recruits ; but a man can present himself at 
any of the before-mentioned stations, and, if 
ho come up to the Guards’ standard, he will be 
drafted there. 

Choice in the Service. The choice of 
the arm of the Service to which he will belong 
will be a matter of anxious consideration to the 
recruit. To the average man the more showy 
branches of the Service will appeal most — the 
cavalry or the artillery ; but unless he has 
some acquaintance with horses these are not 
altogether to be recommended, and it should 
never ha forgotten that when the day’s work is 
done the liorse or the gun has to be cleaned up, 
whereas the infantryman has only himself to 
look after. A man is allowed to choose which 
arm of the Service he prefers, but unless he has 
some special connection with a regiment he 
must accept any regiment to which ho may 
be drafted as the go^ of the Service demands. 

The periods of service vary according to the 
arm of Service, as is shown in this table : 



with Colonia 

In lleN«rvB 


Y«aiH 

Year*. 

Household OavAlry 

H 

4 

Cavalry of the Line 

Iloyal Horae and Field 

7 

5 

Artillery 

Iloyal GarrlHon Artillery . . 

0 

0 

8 

4 

„ „ „ Artiileera 

3 

0 

Royal Knglnecra, Drivers . . 

2 

10 

«. .. », Sapper. . . 

„ Miiy. Mechanists 

3 

12 

0 

0 

Foot Guards 

3 

0 

„ „ Bandsmen . . 

12 

0 

Infatitry of the Line . . 
Army Service Corps 

7 

5 

Drivers 

2 

10 

outers 

8 


Royal Army Medical Corps 

3 or 1 

0 or 11 

Army Ordnanee Corps 
Machinery Artificers and 



Armourers 

12 

0 


The Recruit. At the recruiting station 
the young man is measured, is put through a 
severe medical examination, which embraces 
physical condition, eyes, and teeth, and, should 
all be satisfactoiy, ho swears the oath of allegiance 
required by his King, and is drafted cither to the 
depot, or in some cases to his own regiment. 

Army Pay. The question of nay is com- 
plicated by the fact that regimental pay varies 
in the different arms of the Service. A table 
showing the pay of the principal branches of 
the Army is given on the following page. 

In addition to this it must be remembered 
that all these men have allowances and additional 
pay. Tlie infantryman, for instance, drawing 
Is. a day regimental pay, draws an extra 2d. 
per day for up-keep of kit, and 3d. a day for 
measing, after six months’ service. After two 
years (if he has extended his service) he draws 
an extra 3d. or 6d. a day, as proficiency pay, 
according as he is classed I. or IL. 

The d^uctions are 3d. a day'for extra messing 
and the cost of his washing — say in all 2s. fid. 
per week — as an outside figure for the infantry- 
man. The deductions in other corps — the 
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DAILY REGIMENTAL PAY OF 

WARRANT 

OFFICERS, 

N,C,0,’S, AND 

MEN 





Cavalry. 


Artillery. 






IHKANTKY. 


■ 

- 

Ri<K 

aniimhold 

Line 

Royal 

Royal 

Royal 

Royal 




Army 


CaviUty. 

OaTolry 

Home Ar- 

Field At- 

tiurrlB 111 

0^ 


Bervlce 





tilleiy 

tlllery 

Artillery 







Corpa 


8. 

d. 

B. d. 

a. d. 

8« 

d. 

B. 

d. 

S. 

d. 

8. 

d. 

8. 

d. 

B. 

d. 

Regimental Sergeant (Cor- 

















poral) Major 

6 

10 

6 4 

6 0 

5 

10 

5 

10 

6 

0 

5 

2 

5 

0 

5 

6 

Bandmaster 

Qr.-master-Sgt. (Corp.-Major) 

5 

6 

6 6 

6 0 

0 

0 

6 

0 

6 

0 

5 

0 

6 

0 

“ 


Battery Sergt. -Major . . . . 

Sergeant (Corporal) Maj. In- 
structor 

4 

6 

4 4 

4 4 

4 

2 

4 

2 

4 

6 

4 

0 

4 

0 

8 

9 

8 

3 

3 3 

- _ 

4 

0 

4 

0 


— 

3 

3 

8 

8 

- 

— 

Squad. Sergt.-MaJ. (Corp.-Maj.) 
Company Sergt. -Major 

Farrier Quartermaster-Sergt. 

4 

6 

4 4 

— 

- 

— 

- 

— 


— 


— 

- 

- 

- 

— 

“ 

~ 





4 

0 

3 

9 



“ 


4 

8 

(Corp.) 

4 

3 

4 0 

4 5 

4 

3 

- 

— 

3 

9 


— 

— 


4 

3 

Wheeler Ouartermaster-Sergt. 
Collar-Maker and Saddler 

“ 


— 

3 11 

3 

9 

- 

— 


— 


— 

- 

- 

4 

3 

Q.M.-Sergt. (Corn.) . . . . 

Sergt. (Corp.) Trumpeter, 
Sergt. Bugler 

4 

0 

3 8 

3 11 

3 

0 


— 






~ 

4 

3 

8 

2 

2 8 

3 4 

3 

2 

3 

2 

4 

6 

2 

6 

2 

4 

- 

— 

Sergeant (Corporal of Horse) 
Sergt. (Corp.) Farrier and Car- 

3 

0 

2 8 

3 4 

3 

2 

3 

2 

3 

3 

2 

6 

2 

4 

2 

7 

riage Smith 

3 

4 

2 10 

3 9 

8 

7 

- 

— 

8 

3 


— 

- 

— 

- 

— 

Kettle Drummer, Sergt. Drmr. 

2 

4 

1 0 

— 

- 

— 

- 

— 

- 

— 

2 

6 

2 

4 

- 

— 

Col. -Sergt., Corporal Artitlcer 

- 

— 

— 

— 

- 

- 

- 

— 

2 

6 

3 

H 

8 

6 

2 

6 

Corporal 

2 

8 

2 0 

2 8 

2 

6 

2 

6 

2 

6 

1 

9 

1 

8 

2 

0 

Bombardier, Second Corporal 
Collar-Maker, Wheeler, Sad- 

- 


— 

2 5 

2 

3 

2 

3 

2 

2 





1 

9 

dler, Artificer 

2 


1 n 

2 8 

2 

6 

2 

6 

- 

— 


— 


- 

- 

— 

Shoeing and ('arriage Smith. . 
Trumpeter, Bugler, Drummer, 

2 

3 

1 8 

2 2 

2 

0 

2 

0 

2 

0 


— 

" 


1 

2 

and Filer 

Gunner, Sapper, Private, on 

1 

11 

1 4 

2 0 

1 

2i 

1 

2* 

1 

U 

1 

2 

1 

1 

1 

2 

Knllstment 

1 

0 

1 2 

1 4 

1 

2i 

1 

21 

1 1 

li 

1 

1 

1 

0 

1 

2 

Driver 

- 

— 

— 

1 3 1 

1 


1 

24 

1 

li 


— 

- 

— 

1 

2 

Boys (all arms) 

0 

8 

0 K 

0 8 ' 

0 

8 

0 

8 

0 

8 

* 0 

8 

0 

8 

0 

8 


Household Cavalry particularly — are heavier. instruction will have ended, and if at a depot 

On the other hand, deductions from one cause he will be drafted to his regiment ; or if with 

or another should never exceed 3s. 6d. per week his regiment, will find himself on an equal 
in any corps, so thac wo must revise our figures footing with the trained men. 
somewhat. A private*, after two years’ service. It is now that the young soldier should settle 
would receive, according to his class ; on a career. He can elect to l>e an of&cer’s 

servant, in which case 
his military duties 
will be considerably 
lightened, and ho will 
receive an addition to 
his pay from his 
master. On the other 
hand, this leads no- 
where, and is hardly 
a career for an ambi- 
tious young man. 

In addition to these rates, men of certain Another avenue is to become a clerk in the 
corps draw extra duty pay, working pay, orderly room ; but this, though it involves 

engineer pay, and corps pay, at rates varying certain advantages and relief from duty, is an 

between 3d. and 2s. per day, according to their indoor life, and will probably fail to satisfy the 

qualifications. When we consider that this is thirst for glory which every soldier should 

in addition to free lx)ard and lodging, it will be have. 

admitted that for a steady man the Army is Now, we shall suppose that our private decides 
not so badly paid as many trades outside. to fight his way through the ranks as a plain 

Duties and Discipline. At first the soldier. His good behaviour as a reeruit has 

work is very dull to the recruit, who is harassed, merited approval already, and a continuance 

too, by the numberless restrictions of a discipline cannot fail to attract the notice of his colour- 

which is new to him. All the time, however, he sergeant. Of all virtues that appeal to a soldier 

is under constant surveillance. If he proves the one most sought is smartness on parade, 

himself apt at drill, respectful to his superiors. This, combined with readiness in thought and 

clean ancl sober, he will gain the confidence of action, the strictest sobriety and civility, will 

his officers and the respect of his fellows. In bring its own reward in due course when the 

from four to six months this phase of his private is recommended for his first stop. 

Continued 
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SOLDIER 

1 C'ava(R\ 


Akiii 

1 


M A 

sau. 

Hniim liolil 

Liiu 

i: M A 


(Umii H 


Line 

8. d. 

s. d 


8. (1 

p, d 

B. d. 


8. d. 

Itt 11 

12 10 


14 0 

13 14 

12 3 


11 8 

to 

to 


to 

to 

to 


to 

18 8 

14 7 


15 0 

14 104 

14 0 


13 5 


Soldiers enlisted as Boys draw proflcieiiey pay on attaining the age of 20. 
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Dowelled, and Tongued Joints. Fitting, Securing, and Subsequent Treatment 
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By WILLIAM J. HORNER 

’THE jointing and fastening of a numlier of nails in holding power, but the chief considera- 

^ pieces together is necessary in practically all tion which favours their use is that they can 

woodwork, and it is chiefly in the knowledge of easily be withdrawn if necessary without injury 

how to do this efficiently that the woodworker's to tlie work, and they can also Ik^ inserted with- 

art consists. The fitting of separate pieces is out the jar to delicate work that nail driving 

often more necessary in timber constructions than involves. Nails, however, are often quite as 

it is in those of metal, which material, being satisfactory from these points of view, and have 

destitute of “ grain," is practically as strong in the advantages of being more quickly inserted 

one direction as another. Neither is it liable to and cheaper. 

shrink and warp as wood docs, and it is often as Screw Holes. Fig. 118 shows in section a 
strong or stronger when in one solid piece than screw in place liolding an upper piece of wood to 

if built up of a number of parts. Wood is really a lower. The hole for the screw is bored entirely 

strong only in the direction of its fibres — that through the up])or piece, and is of a diameter 

is, it will stand a great deal of tension, com- that permits the screw to slip easily into it up 

pression, bending, or shearing stress across its to the head. In neat work the l)everiod enlarge- 

grain— -but is very weak indeed if subjected to ment for the head is countersunk with a suitable 

stress in lino with the fibres. It is necessary, bit, but in many cases, especially if the wood 

thert‘forc, to strengthen it in its weakest direc- is soft, the screw is merely tightened down into 

t'on by connecting it to pieces vith their grain the bored hole until the head is flush, or slightly 

at right angles to it, or by metal attachments below the surface. The objection to forcing it 

in the form of bolts or straps In the case without countersinking is that it slightly t^^ists 

of pieces of wood of considerable width, this and compresses the grain around the head, 

stiffening across the grain is necessary even if If it lie desirable to sink it to a considerabh' 

it is to be subjectea to no actual stress of depth, a centre-bit hole is bored for the head 

any kind, liecausc, if it is not so stiffened, it to sink into [119], and generally this hole is 

will warp. plugged after th(^ screw is home. Often screws 

Joints in Woodwork, Joints in wood- arc sunk in this way solely to conceal the 

work, if prop(‘rly made, are not an element of head by plugging. Ih* grain of the plug running 

weakness, but in most cases quite the contrary. the same way as that of the wood into which the 

The cliief objection to joints, in fact, is the screw is inserted ; but occasionally it is done 

trouble of making them Across the grain, the because the stuff is very thick and it is desired 

greater the number of pieces used in making up to use a comparatively short screw, 
a given width the less trouble is likely to arise Tlio hole in th(‘ lower piece of vood is always 
subsequently from shrinkage or cracking. End bored smaller than the threaded portion of the 

grain joints can always be made if necessary, screw, and shorter than the distance to vhich 

and 1 h) as strong as the solid wood ; but the point will penetrate. Its precise relation 

except for very great lengths, it is simpler and to the size of tlie screw doptmds on the character 

better to have the wood in one piece without of the wood, a larger hole licing required in hard 

joints. Accurate fitting is essential in all joints, wood than in soft wood. The ability of the w'ood 

not only for appearance, which in many cases to resist the s})litting action of the screw must 

might be disregarded, but primarily for strength. be considered also, a small, short-grained, narrow 

Thereismu^ variety in the forms of joints that piece being much weaker than a long piece of 

can be employed even under almost any given large area. In the latter case, in fact, if the 

circumstances, but there is usually only one wood be soft and the screw not large, it is not 

form that is the best possible for each particular necessary to bore a liole at all in the under i)iec(» 

case. nature and direction of the strfiins to of wood, but merely to give the screw a tap with 
which the two or more members will be subjected the hammer to start it, and run it in wuth the 

have to be considered in deciding on the most screwdriver. To ensure a close joint, a chistd 

suitable form, and also the amount of work m should l)o passed over the holes in the joint, 

making it, and the desirability or otherwise of to remove any splinters. 

permanence a-Tid good appearance. When screws are inserted in this w^, the 

Joints with Screws. Both screws and upper piece of wood is held by the Ijevelled head, 
nnila are very commonly employed in all wood- and the lower by the threaded portion of the 

work, sometimes in conjunction with glue, but screw. If the body of the screw be a tight fit 

more frequently alone. In most cases they are in the upper piece of wood, there is difficulty in 

more reliable than glue; and another reason why drawing the joint together as the screw is being 

they are often preferred is that there is then no tightened. Grease may be used with advantage 

waiting for glue to dry. Screws are superior to on both screws and nails to ’Assist them in 
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l)enetratiiig, and it also makes their withdrawal 
easier at any subsequent period. 

When a number of screws have to be inserted, 
and the left hand is not required for holding 
Ihe work, the most expeditious method is to use 
a screwdriver bit in a ratchet brace, making 
continuous turns with the brace until the screw 
is nearly home and getting tight, and then using 
the ratchet movement in short turns to give 
power. If much force l)o applied, through not 
having the hole bored large enough, it is not 
unusual for a screw to break in hara wood, either 
at its head, or to twist off near the top of the 
threaded portion. If one half of the head breaks 
off, it may be twisted back with pincers or pliers. 
If the entire head is off it is best to slip the wood 
off it if possible, and withdraw it from the joint ; 
or if it be broken at the joint, this method may 
be adopted. If it be necessary to go below 
cither surface to get at it, the wood must be cut 
or punched away until a grip on it can be 
obtained. If this be objectionable, it is best to 
leave it embedded, and insert another near it. 
Very tight screws can often be loosened for with- 
drawal by a few blows delivered by a mallet on 
the end^f the screwdriver. This also may be 
carried far enough to make the screwdriver cut 
and penetrate deeper into the head, and so 
obtain a better hold. Care should bo taken not 
to lot the screwdriver slip and damage the head 
when trying to turn it, l)ecauso the more a head 
becomes worn the less chance there is of being 
able to turn the screw. 

Joints with Nails. Nails are simply 
driven in with a hammer, and holes are bored 
for them only when there is a risk of their 
splitting the w'ood. Tliey are withdrawn with 
pincers, or the claw of a claw hammer [120], but 
in cither case it is necessary to have the head 
standing a little above the surface of the wood 
to obtain a hold on it. This, however, is gener- 
ally the case when a nail has to be withdrawn, 
Ijecause if it lx*nds or goes out of the direction 
required, the person who is driving it sees before 
it is completely home that it will have to come 
out again. When nailed work has to be taken 
apart, the nails are not usually withdrawn first, 
though there are patent appliances for with- 
drawing them, but the wood is prised or knocked 
apart, and the nails removed after if required. 

Neither screws nor nails hold so well in end 
grain as in side or “ plank way ” of the grain, 
and consequently they are generally put closer 
together, and often driven at angles, as in 121, or 
a greater length is selected than would be used 
in side grain. The spacing is decided by the 
nature and size of the work and the strength 
required. When inserted in a line in side grain 
at short spaces apart, the number of holes or 
breaks in the continuity of the grain weaken 
the wood considerably, and render it very liable 
to split along the line of nails. If there be not 
more than on inch or so of width in which to 
drive them, as in the edge of a box, this cannot 
be avoided, but in a piece as wide, for instance, 
as the battens shown in 122, a double line would 
be inserted rather than one line down the middle, 
the spacing of* each line being about doubled. 
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and the screws or nails sta^geredj chequered^ 
or placed zig-zag. This throws them out of line 
in the under piece of wood also, and, moreover, 
one line of nails or screws down the middle of a 
wide batten would nullify the advantage of width 
in the batten, rendering it of no more value than 
a batten just wide enough to take the screws 
without splitting. Another uiylesirable feature 
would be the tendency of the edges of the batten 
to curl up from the surface unless held down by 
nails near the edges. 

The Butt Joint. The simplest form of 
joint possible is a huU^ in which two flat sur- 
faces arc brought together and are held by glue, 
nails, screws, bolts, battens, fish-plates, or other 
means ; or are not actually connected, but merely 
abut together, and are held in that position by 
being fastened separately to some other part of 
the structure, as, for instance, when flooring 
Ixiards are laid side by side and nailed to the 
joists upon which they rest. This is the form of 
joint usually employed when glue is used to 
unite pieces of wood side by side in building up 
either a greatt'r width or greater thickness. If 
the joint be well fitted and properly glued, it is 
practically as strong as the solid wood, but it is 
suitable only for the side or plank way of the 
grain. On end grain, glue is almost useless, 
and, owing to shrinkage and swelling of the wood 
across grain, glue cannot be used for uniting 
pieces crosswise. 

Ah a close fit everywhere is essential in a glued 
joint, the simplest way of obtaining this is to 
plane both surfaces absolutely true. In small 
joints it is a very simple matter to plane them to 
a fit ; in larger ones considerable skill is required ; 
and in the case of very large surfaces, where the 
material is so large, or comparatively thin, as to 
1)0 pliant, an absolutely true surface is not so 
necessary, but the joint is brought close every- 
where by clamping. In the making of long edge 
joints also, the surfaces may purposely be planed 
eitluT very slightly hollow, or rounding length- 
wise, preferably the former, so that they will 
need clamping only at the open part, and when 
tliis has been squeezed together the other parts 
wull have bound themselves tightly. If left 
clamped in this way for abont a day, until the 
glue is thoroughly hard, the clamps may then 
be taken off without fear of the joint opening 
again. Glued joints, except the very smallest, 
should always be elamped, or otherwise pressed 
tightly together until the glue is set. 

Fitting Glue Joints. In making long 
edge joints of the character shown in 123, the 
two pieces of wood arc generally held side 
by side in the vice and planed together. 
This makes it easier to get the edges square 
with the faces, or if there be a slight in- 
clination to one side, they will counteract each 
other when the joint is fitted together. The try 
square is used to see that the edges are approxi- 
mately square, but the final fitting is done by 
trying the two pieces together and examining the 
joint. If open places be visible anywhere, the 
close parts must have shavings removed from 
them until there is close contact everywhere, 
the exception, of course, being when the joint 



JOINTS IN WOODWORK 
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18 purposely being made o^n at the middle or 
ends to be closed in clamping ; but this can be 
done only in large joints. If the pieces fitted 
together be very ^ide, as in 128, it will be im- 
portant that they shall be as nearly as possible 
m line when glu^, and therefore a mere square 
tost on the joint should not be relied upon, but 
a straightedge should be tried across the entire 
width [124], when the pieces are together in fitting 
the joint. A very slight inclination on the joint 
will throw the faces considerably out, and necessi- 
tate a great deal of planing and reduction in 
thickness to get them true after the joint is 
glued. This, therefore, is a point which must not 
be lost sight of when the attention is engaged in 
making the joint as close a fit as possible. Very 
slight differences in the angle of the joint can 
easily be made by keeping the plane to one side 
on the edge as it travels .along the joint, so that 
the middle part of the iron where the shaving 
is thickest may be at one side, and the side of 
the iron where the shaving tapers to nothing 
may bo at the other side, thereby cutting a 
shaving of unequal thickness and altering the 
angle of the joint. 

Edge joints are usually planed with the wood 
in the vice, and the plane used as shown in 102, 
but sometimes short joints, not exceeding 2 ft. 
or 3 ft., are planed with the wood on a shooting 
board, as in 101, the advantage of the latter 
method being that the edge cannot then be other- 
wise than approximately square. Wlien the 
wood is too long to be held properly in the vice 
alone, the front end only is gripped by the vice, 
and the back supported at the same level. 

Gluing and Cramping. The glue is 
applied as quickly as possible to both pieces, 
which are held as shown in 125. The glue 
should bo as hot as possible, and the joint 
closed before it has time to get cool. In gluing 
a long joint two men are necessary, one at each 
end, to rub superfluous glue out by sliding the 
upper piece on the lower and to see that the sides 
and ends are flush when the rubbing ceases, and 
also to assist each other in cramping or driving 
dogs without loss of time. »Small joints can 
easily be manipulated by one person. 

Either dogs [126] or cramps [123], or both, 
may be used for holding a joint together while 
the glue is setting. Cramps are more powerful and 
decidedly better for large joints. For ed^e joints 
where the cramps have to span a considerable 
width, bar cramps tightened by a screw, or 
various forms of shop-made cramps tightened by 
wedges are used. A simple form suitable for 
cramping almost any width is shown in 128, 
A, B, and C. It may be tightened merely by 
knocking it diagonally across the joint until it 
holds (A), or by driving a wedge between the 
pin and the edge of the board (B), or more 
securely still by driving two wedges in opposite 
directions (C). Numerous other forms of cramp 
are used in which the extension is fixed to suit 
work of fixed size, such as doors, that are con- 
stantly being made, but the means of tightening 
is nearly always the wedge. 

Joints with large surfaces, such as 127 and 
128, are made by planing the surface of one of 
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the pieces perfectly true, and then fittix^ the 
other to it. Square, straight-e^e, or winding 
strips are used in the preparation of the first 
piece, and sometimes in roughing down the 
second, but the final fitting is done by trymg 
the two pieces together and examining the joint 
round the edges, especially at the comers, to 
see whether it is in close contact everywhere. The 
sense of touch may also bo employed to find 
whether there is any rocking or unequal bearing 
between the two pieces. A very common method 
is to rub chalk all over the surface of the joint 
of the piece that has been planed true, and then 
rub the surface of the other piece on it. This 
transfers some of the chalk to the second piece 
and shows all over the surface just where contact 
exists and where not, and the joint can thus be 
very expeditiously brought to a fit by planing 
from those portions whore the chalk marks 
indicate the high places. This is a very satis- 
factory method of fitting any surfaces to each 
other, whether for glue joints or not, or whether 
the surfaces be fiat, curved, or irregular in shape. 

For cramping joints of broad surface, and wood 
of comparatively shallow depth, handscrews are 
the most suitable, and are more commonly used 
for glued joints than any other kind of cramp 
[128]. They are not suitable for edge joints 
because their extension is too limited. They 
can be screwed up to give a uniform parallel 
grip, or, if the work requires it, the pressure can 
bo increased or diminished at point or back 
by relaxing one of the screws and taking up the 
slack with the other. 

Glue. Glue is stronger when freshly melted 
than after it has been reheated or kept hot for 
a long period. The proper way to make it is 
to break it up into small pieces and soak it in 
cold water for several hours to soften. Then 
put it in the glue-pot and heat it, adding enough 
water to cover it. Glue is always heated in a 
double pot, the inner containing the glue, and 
the outer the hot water. Water is us^ to thin 
the glue down to the required consistency. 
Tliis thinning depends to some extent on the 
kind of work for which the glue is required. 
For small work it should be rather thick, for large 
joints it should be thinner. It is sometimes 
more convenient to use liquid glue than to melt 
glue for use, but in shops whore large quantities 
are required the latter method is preferred. 

When melted glue is used, it should be applied 
as quickly as possible while hot, and in gluing 
large joints in a cold atmosphere it is best to 
warm the surface of the Wood first, so that the 
glue shall not be chilled and commence to set 
before the' operation can be completed. It 
should be applied to both surfaces of joints, 
and then the endeavour is^to rub and squeeze as 
much as possible of it out and to bring the wood 
into contact with no very appreciable film of glue 
between. While doing this the surfaces should 
never be separated, but merely slid to the extent 
of 2 in. or 3 in. over each other, the distance 
depending on the size of the joint. When this is 
done properly the two pieces will rapidly become 
very difficult to slide, and they should then be 
adjusted exaetty in relation to each other, and 
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cramped. If the,{>ieces are allowed to separate 
slighUy while rubbing them together, especially 
at the finish) the joint will not hold satisfactorily. 
In that case it is generally better to take them 
apart, wash the glue ofi and apply fresh, and 
«make the joint” again. 

The Cleat or Batten. Instead of gluing 
boards edge to edge to make one wide pia'c, 
they may be held together by laying thorn edge 
to edge without glue, and screwing or nailing 
other pieces of wood, termed cleats or battens, 
across them [122]. This method is sometimes 
adopted in addition to gluing, but the battens 
are then more for the purpose of keeping the 
surface of the wide piece from curving or splitting 
than for holding the joints togettier. Joints 
held by battens are rather a rough class of work, 
though satisfactory as far as strength is concerned. 
When boards are battened together without 
gluing, the joints open slightly if the wood 
shrinks, but in battened work this is usually not 
objectionable, and moreover, if the joints 
could not separate, the wood would probably 
split in places. When battens screwed on 
the face, as in 122, are objectionable, either 
on account of appearance or because they are 
in the way, a neater but not quite so strong a 
method is to tongue them across the ends [129], 
as is often done in drawing-boards. A refine- 
ment of this method again is to mitre the comers 
[180] so that no end grain is exposed. The 
objection to bringing the end grain of battens 
flush with the width of the board is that when 
the board has shrunk the ends project beyond. 
Battens attached to the face as in 122 are always 
cut slightly short of the full width. 

Dowelled Joints. Although, as already 
stated, a plain side grain glue joint properly 
made is practically as strong as solid wood, 
there are cases where it is advisable to make the 
joint of more complicated form, while still using 
glue as the means of holding. In edge-glued 
joints the two chief variations from a plain 
flat surface are the dowelled joint [181] and the 
grooved and tongued joint [132]. The dowelled 
joint is used in many ways in addition to 
an edge joint like that shown. It is very com- 
monly adopted in end grain where glue has 
little holding power. Dowels are shown in 
the end grain of the mitred cleat joint [180]. 
Very often tenons are preferred in such a 
case. The main idea in using dowels, how- 
ever, is not so much to hold the parts together 
as to prevent side movement, though, if 
glued well, their assistance in holding together 
is considerable. As long as glue holds, side 
movement is impossible, but glue cannot always 
be trusted. Its quality varies, and in damp 
situations it is not of much value. A glued 
joint at its best is as strong as solid wood. Some 
men even assert that it is stronger. But never- 
theless glue joints sometimes break, often 
tearing away some of the wood on either side, 
but with the main break through the joint. 
In the case of a joint subjected to a bending 
or shearing stress which would tend to split the 
timber, dowels extending a short distance on 
each side of the joint would prevent the joint 


from breaking ; or, if the glue failed, the joint 
might separate by shrinking, but the parts 
would still be kept flush with each other by the 
dowels. One dmdvantage of a dowelled joint 
is that it is not easy to ipake a thoroughly 
satisfactory glued joint of it, because rubbing 
the parts together is impossible, and the dowels 
are a slight hindrance in getting it quickly 
together as soon as the glue is applied. Extra 
force is therefore advisable in cramping it. 

Dowels. Dowels, or dowel pins, arc round 
rods of hard wood. They are usually employed 
only in narrow joints and on small surface.s. 
The joints are fitted in the ordinary w^ay, and 
then the centres of the dowel holes are carefully 
marked opposite each other in the joint on eocli 
of the pieces. These centres must exactly eorre- 
sjwnd in each half, or trouble will bo experienced 
in getting them together. The two pieces are 
generally placed side by side with their jointed 
faces upward, and lines are scribed across each 
at the positions whore dowels are to be inserted. 
Then a gauge is set to about the centre of the 
thickness of the wood, and longitudinal marks 
gauged from the same side of each piece. The 
intersection of these lines indicates the centres 
of the dowels. Another method is to lay ordi- 
nary pins in suitable positions in the joint and 
t6 press the parts together in correct position, 
thus obtaining com^sponding impressions of the 
pin h(‘ads on both pieces, these impressions 
serving as centres on which to boro the dowt*l 
holes. The dowel holes are then bored with 
a centre -bit of a size which permits the dowel 
to lie driven in a light tit. The dowel pin is then 
driven in with a little glue in each hole of one 
of the pieces, and sawn off 2 in. or 8 in. above the 
surface, (^are must be taken to boro the holes 
in the other piece amply deep enough to receive 
the projecting dowels. Sometimes instead of enter- 
ing only 2 . 11 . or 8 in., dowels are put entirely 
through, thus stiffening and preventing the 
wood from splitting. Dowels may be purchased 
ready made, but if wanted only occasionally they 
can lx* planed in an angle board and sometimes 
arc driven through a hole of the correct diameter 
in a piece of iron or steel plate. It is important 
that they fit the bit hole tightly, but it is not 
essential that they should be perfectly cylin- 
drical. Some men prefer them simply planed 
with a series of flats round their circumferont’c. 
This tends to keep them from turning, and pro 
vents them from being an air-tight fit and cor 
sequently troublesome to insert. 

The Tongued Joint, llie tongued joini 
[182] is variously known os ploughed and 
tongued, tongued and grooved, grooved ana 
feathered, or matched, the last mentioned term 
applying only to boarding with tongues worked 
out of the solid [133]. Edge joints of this 
class are more commonly employed in carpentry 
and joinery than cither the plain, square butt 
joint, "^or the dowelled joint. Tliey are not 
much more troublesome to make than the 
dowelled joint, and for most purposes are 
decidedly superior to it. The tongued joint 
may be put together either with or without 
glue. Its two chief advantages are, that no 
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matter how much the wood shrinks, the tongue 
prevents light or dust from passing through 
what would otherwise be an open crack between 
the boards, and also it keeps the boards flush 
with each other throughout their entire length 
more effectually than dowels at intervals 
could. The tongues, or feathers, are thin strips 
of wood sawn to fit the grooves, generally with 
their edges convex to facilitate insertion. 
Usually they are cut with their grain running 
the same way as the boards ; but some work- 
men prefer them with the grain crosswise, or 
diagonally. Sometimes also, hoop iron is used 
instead of wood, so that they can then be made 
very thin, with, at the same time, a gain of 
strength both to themselves and to the boards, 
which do not require such wide gi’ooves. When 
the grooving is done by hand a ])lane termed a 
jdoiigh [140 and 141] is used. In this plane, 
irons of widths ranging from about i in. to g in. 
can be used, according to the width of groove 
required. These irons can be adjust^ to 
plough to a certain depth and to a certain 
distance from one side of the wood, the body of 
the plane acting as a gauge. Irons for planing 
the tongues are also sometimes used in it, but 
generally both edges of the boards are grooved 
and loose tongues put in. Very often when 
glue is used, the tongue is also nailed into one 
of the grooves. When a circular saw with a 
rising table is available, grooves are generally 
sawn in preference to the use of a plough. 
Formerly special planes called ma>tch planes 
were often used, one to plough a groove, and a 
companion to it to form a corresponding tongue 
on the edge of the piece which had to fit 
it. When such work is done by hand now, 
ploughs or universal pianos are more often 
employed. 

Modifications of the Tongned Joint. 

The superiority of an edge joint in which 
t4ie parts overlap and fit into each other is 
so great that many other forms besides the 
simple tongue and groove just described are 
employed. The double tongue [184] is frequently 
used for thick joints, or, when machinery is 
used for cutting them, half a dozen or more 
grooves and tongues may be made on the edge 
of a thick board.’ This latter method is often 
employed in box -making whore thick wood is 
glued edgewise to make up a given width and 
afterwards ripped down into a number of thin 
pieces. There is also the double-tongued joint 
[185] in which both a projection and recess are 
cut on the same edge of each piece. There is the 
bevelled or angular tongue [186], in which an 
easy entrance and close fit are assured by the 
wedge form of the tongue. Also the rebated 
joint [187], in which the edges are cut to form 
a half lap joint ; and there is a modification of 
this in the rebated and tongued joint [188]. There 
is also the splayed^ hevell^, or scarfed joint [189], 
which is more commonly employed for ends 
than sides of boards, and is then also a heading 
joint All these joints are used for flooring 
boards and similar work where a number of 


boards have to be fitted side by side. Where 
there is no objection to it, a quiric beadt as shown 
in 187, is employed to make the joint less 
noticeable if the wood should shrink, and also 
to improve the appearance. 

Rebates are planed with a rebate plane, as 
shown in 142. A rebate may be required at an 
intermediate position as in 142, or at an end, as 
in the case of the tongue in 129. When working 
across grain it is necessary to run sawcuts to the 
correct depth before the plane can be used, 
otherwise the sides of the rebate would be torn 
and splintered by the plane. If accuracy is 
desired, the sawcuts are kept to one side of 
scribed lines, and these are afterwards pared to 
with a chisel. In planipg with the graih, it is 
not necessary to use a saw, but a strip of wood 
is generally attached temporarily tc^ the surface 
to form a guiding edge for the plane. The 
depth of the rebate is marked with a gauge. A 
chisel is used for roughing down, and the plane 
for finihliing. 

Treatment of Jointed Parts. Unlike 
exterior surfaces, joints are never finished by 
glass -papering or other treatment, but are 
brought to a fit by the cutting tools only, and 
put together in that state. When properly 
fitted thus, further work on them would not only 
be superfluous, but sometimes detrimental, by 
rendering edges less sharp, and consequently 
making the lines where surfaces meet more 
apparent when the parts are together. It is 
always advisable to have joints a close fit at the 
exterior, even if this be obtained by undercutting 
in other parts. A slight amount of undercutting 
to ensure a close fit at the outside is nearly 
always permissible, and as a rule is not a weak 
feature in a joint. Similarly, inner projections, 
such as dowels and tongues, are invariably kej)t 
a little short in their recesses to make sure that 
they shall not prevent the other parts from 
coming together as closely as possible. In the 
tongue, for instance, in 182, and the other 
examples that follow it, about in. of space 
would b(5 allowed between the bottom of the 
groove and the edge of the tongue. In a rebated 
joint like 187, no slackness could Ix) allowed any- 
where, unless in cases whore one face wore hidden 
and very close joints were required on the other. 
In thick- stuff jointed in this way, slight under- 
cutting might be practised on the edges, but with 
a beaded edge it would never be necessary. 

Parts which have been glued, or otherwise 
secured together, nearly always require trimming 
and reducing slightly, to make their surfaces 
flush, and true with each other. It is simpler 
to do this after they are united than to attempt 
to join them absolutely flush, for none of the 
usual methods of fastening permit of very 
delicate adjustment of parts. In neat work 
also, a general cleaning up with a plane is 
necessary after the parts are together, because 
surfaces often get bnlised and soiled in 
handling, and pencil-marks, made to show the 
position of parts in relation to each other, have 
sometimes to be removed. 
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Light and Crystals. There is a deeply 
interesting branch of science which is known as 
crystallography — the study of the form and 
construction of cnrstals of all kinds. In the 
Htt(»mpt to cover the great fields of physics and 
chemistry, in this and its companion course, w<' 
have been able to spare no space at all for this 
subject, interesting though it be. But a crystal 
IS made up of molecules, and wo cannot question 
that the shape of the crystal depends, in some 
way, upon the shape of its molecules. In the 
course on Chemistry we have had occasion to 
discuss the work of Pasteur upon the two kinds 
of tartaric acid, and there we saw how the shape 
of the molecules must be associated in our minds 
with their peculiar behaviour in relation to light. 
We must now study th(‘ fashion in which certain 
crystals act upon a ray of light ; and the point 
which it is desired to emphasise is that we must 
not regard the behaviour of solutions of tartaric 
acid, for instance, upon light, and th(‘ behaviour 
of certain crystals upon light, as unrelated, but 
must constantly associate them in our minds as 
various instances of the relations between light 
and molecules of certain shajies. 

Ordinary and Extraordinary Raya. 
The familiar salt known as calcium carbonate 
occurs in great quantities in Iceland in the 
particular form which is known as vah'ite or 
Inland spai . Portions of this substance can 
very readily be split or cleaviK;! so as to form 
a transparent crystal, having the shape of a 
rhomb. Now, in such a crystal, there is a 
paiticular direction which is such that the 
(•rystal is symmetrical around it, and this is 
known as the optic axis of a crystal. This optic 
axis does not pass through any point in the crystal, 
but, indeed, there are as many optic axes as 
molecules, and they are all parallel. This fact 
alone is proof that the behaviour of a crystal, 
which we are about to study, is really the lie- 
haviour of one and all of its component mole- 
cules. Now, if we take such a crystal, and look 
at any object through it, we shall find that every- 
thing is double. |Seo Plate facing page 1201.] 
In short, w'hen a ray of light passes through 
a rhomb of Iceland spar, it is split up into two 
rays, and these two rays differ from each other 
in the most remarkable way. One of them is 
known as the ordinary ray ; it passes through 
the crystal according to the ordinary laws of 
refraction, and displays no peculiar charactei*8. 
But the other ray, which is produced by this 
process of double refraction, has some very 
remp>rkable properties of its own, and is callea 
the extraordinary ray. In the first place, it does 
not* have the ordinary index of refraction, and, 
in the second place, we shall find that this ray 
actually turns round when the crystal is turned 


round, in such a fashion that it alwa^^s remains 
in tlie same plane with the ordinary ray, and 
with the optic axis of the crystal. Thus, if we 
look through such a crystal at writing upon a 
piece of paper, one of the two images of the writing 
produced by the double refraction actually turns 
round as the crystal is turned round. 

It is essential that the Iceland spar be prepared 
for this purpose in a fashion which preserves 
its natural characters. It must be split in its three 
natural directions. If it be cut, we shall be apt 
to find that it has no peculiar characters at all 
and that no double refraction is produced. 

The Extraordinary Ray. What we now 
rt'quire is plainly some device which will enable us 
to study cither the ordinary or tin* extraordinary 
ray by itself. This can be done by taking a 
crystal of Iceland spar, cutting it obliquely 
HO as to form two wtKlges, and then cementing 
the wedges together with the substance known 
as C^anada balsam. M'his particular substance 
is transparent and has a refractive index which 
is between the refractive index of the ordinary 
ray and tliat of the extraordinary ray of Iceland 
spar. Hence it is an easy matter to adjust the 
prism — commonly call(‘d a “ Nicol ** — so that 
the ordinary ray is tbtally reflected from the 
(\inada balsam (falling upon it at an angle 
greater than the critical angle), while the 
extraordinary ray passes on unchecked. 

When we come to examine this extraordinary 
ray, we find th(* explanation of the fact that one* 
of the images seen through a rhomb of Iceland 
spar rotates when the crystal is rotated. W(* 
find, in short, that this extraordinary ray consists 
of polarised light-— a term which we hav(* had 
occasion to use more* than once already, and 
which must now be carefully studied. 

A Historic Observation. Double re- 
fraction luul already l>cen studied by Huygens 
and by Newton. Reference has already b(‘(*n 
made to Newton’s explanation of it, and his ques- 
tion, “ Have not the rays of light several sides, 
imbued with several original properties ? ” It 
was not until 1810, more th%n a century after 
Newton’s work, that, to quott* Professor Tait, 
“ Malus, while engaged on the* theory of double 
refraction, casually examined through a doubly 
refracting prism of quartz the sunlight reflected 
from the windows of the Luxembourg Palace 
He was surprised to find that the two rays 
alternately disappeared as the prism was rotated 
through successive right angles ; in other words, 
that the reflected light hod acquired proper- 
ties exactly corresponding to those of the rays 
transmitted through loeland spar. Even Malus 
was so imbued with the corpuscular theory of 
light that he named this phenomenon polarisation, 
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In what he calls a brief summaiy of the evidence 
for the undulatoxy theory of light, Clerk-Maxwell 
first of all infers from the fact of interference that 
“ light is not itself a substance. . . . We 
cannot suppose that two bodies, when put to- 
gether, can annihilate each other ; therefore lieht 
cannot be a substance. What we have proved is 
that one portion of light can be the exact opposite 
of another portion. 

“ Among physical quantities,” Clerk-Maxwell 
proceeds, ‘‘wo find some which are capable of 
having their signs reversed, and others which are 
not. Thus, a displacement in one direction is 
the exact opposite of an equal displacement in 
the opposite direction. Such quantities ai’e the 
measures, not of substances, but always of pro- 
cesses taking place in a substance. We therefore 
conclude that light is not a substance, but a pro- 
cess going on in a substance, the process going on 
in the first portion of light being always the exact 
opposite of the process going on in the other at 
the same instant, so that when the two portions 
are combined no process goes on at all. . . . 

We have determined nothing as to the nature of 
the process. It may be a displacement, or a rota- 
tion, or an electrical disturbance — or, indeed, 
any physical quantity which is capable of assum- 
ing negative as well as positive values. Whatever 
bo the nature of the process, if it is capable of 
being expressed by an equation of this form, 
the process going on at a fixed point is called a 
vibration. . . . When we contemplate the 

different parts of the medium as going through 
the same process in succession, we use the word 
iindvlcUory to denote this character of the process, 
without in any way restricting its physical 
nature.” 

The Nature of a Wave. The reader 
must pay the utmost attention to the last 
phrase. It will prepare us for what we are 
about to see — namely, that our illustration of 
the rope is only an illustration. As long as our 
notion of a wave is derived from any of the waves 
wo know, we shall have no choice but to think of 
a wave of light as a displacement — that is, as a 
movement of certain parts of the ether. This 
implies that the ether is discontinuous, and leaves 
us hopelessly muddled and without any prospect 
of ever forming a concept of the ether that will 
satisfy all our requirements. 

The original view of the wave theory was 
that a wave of light consists of a movement 
of the medium. We must abandon this 
altogether. Furthermore, we must abandon 
entirely ail our preconceptions as to the 
meaning of the word vmve. To define the term 
somewhat loosely, we must think of a wave 
as no more than a recurrent process. We must 
cease altogether to think of a wave of light as 
constituted of something which is moving up 
and down or from side to side. We are very fai 
from asserting that when we abandon this con- 
ception, as we must, we shall be able to replace 
it by what Descartes would have called a 
” clear and distinct idea ” of a wave of light. 
But, at any rate, we shall have travelled a 
little nearer towards the truth. 


Clerk-Maxwell points out that Faraday pre- 
dicted, in a remarkable fashion, the discovery 
that one and the same medium is conoemed 
in the propagation of light and in electro- 
magnetic phenomena. Faraday, like Clerk- 
Maxwell himself later, was very much con- 
cerned to oppose and disprove the reallv 
inconceivable notion of “action at a distance.^* 
He found himself compelled to believe, after 
studpng the magnetic force, and the general 
character of magnetic phenomena, external to 
the magnet, that the luminiferous ether is in- 
volved in the transmission of the magnetic 
force. “ Such an action,” he says, “ may be a 
function of the ether, for it is not unlikely that, 
if there be an ether, it should have othqf uses 
than simply the conveyance of radiation.” 
This prediction of Faraday’s has l)een most 
wonderfully verified, as we shall see. 

Faraday’s Work. But we have had 
occasion to refer to few more remarkable men 
than Faraday, and a brief discussion of his life 
must be included here. He was born, the son of 
a blacksmith, in 1791, and died in 1867. When 
he was twenty-one years of age he went to 
hear Sir Humphry Davy lecture at the Royal 
Institution, and the result of sending his notes 
of these lectures to Davy was that he was ap- 
pointed laboratory assistant there. He remained 
and worked in the Royal Institution during the 
remaining fifty-four years of his life. His first 
work was mainly chemical and extremely inte- 
resting ; most notably, however, perhaps, because 
a new kind of glass, which he then discovered, later 
enabled him, when he placed it in a magnetic 
field, to discover the rotation of the plane of 
polarised light under these conditions. Later, 
Faraday worked at electromagnetism with the 
greatest success, and in 1831 he mode what 
Clerk -Maxwell calls the “ crowning discovery ” 
of the induction of electric currents. 

Magnetism and Polarised Light. Four- 
teen years later he discovered the effect of magnet- 
ism on polarised light. We may quote part of his 
note on this discovery, especially because the 
last part of it has been so amazingly verified : 

“ Heavy glass was experimented with. It 
gave no effects when the same magnetic poles 
or the contrary poles were on opposite sides (as 
regards the course of the polarised ray), nor 
when the same poles were on the same side, 
either with the constant or intermitting current. 
But when contrary magnetic poles were on the 
same side there was an effect produced on the 
polarised ray, and thus magnetic force and light 
were proved to have relations to each other. 
This fact will most likely prove exceedingly 
fertile and of great value in the investigation of 
the conditions of natural force.” 

Faraday excelled in the presentation of science 
to people without scientific training, and notably 
to children. His scientific work shows him to 
have been possessed, in the highest degree, of 
the scientific spirit which seeks to foUow tamth 
wherever she leads. He was an earnest member 
of the small Christian sect who are known as 
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W/E have now to deal with the drafting for the 
^ various garments illustrated in the last 
article. For the first as well as the second, or 
short-coating set, the following may be taken as 
good average measurements : 

Chest, 20 in. to 22 in. ; neck, 10 in. to lOJ in. ; 
wristbands, 6 in. to 7i in. 

The long clothes should not exceed 30 in. in 
length, and may with advantage be shorter. 
No turnings are allowed on the following draft- 
ings ; 1 in. should therefore be added for hems, 
] in. to i in. for each tuck, if required for orna- 
ment, and 8 in. at seams and elsewhere. Very 
much fulness is 
not advisable for 
an infant’s 
garment, unless 
the material bo 
very thin and 
light. 

An Infant’s 
Bodice. No. 8 

gives the draft- 
ing of an in- 
fant’s bodice, 
which will suf- 
fice for that of 
the long flannel 
petticoat , robe 



8. DRAFTING INFANT’s BODICE 


sloped out, and, indeed, for an infant, this is 
scarcely necessary [9|. 

With the aid of these two patterns, nearly all 
these little garments can be obtained, the skirt 
portion in each case consisting of straight, or 
very moderately sloped, vidths from 27 in. to 
32 in. in length, the former being quite long 
enough. For tlie long flannels, 1 J yd. of flannel, 
36 in. wide, should suffice for one* garment. This 
can be taken lengthways, and the 6 in. strip torn 
off at one side, allowing for the bodice, which 
should be double flannel. If only 27 in. wide, 
then IJ yd. will bo required, two widths being 

necessary for the 
skirt, each 27 in. 
long, the re- 
maining 1 yd. 
being for the 
bodice. The 
edges may b(‘ 
either hemmed 
or festooned. 

Day and 
Night Gowns. 
For th(» yoke day 
and night gowns, 
the frrmt and 
back skirt widths 


and yoke of the day and 
night gowms (see diagram 1, page 3745]. The 
single row of broken lines indicates the direction 
to be followed for the strap bodice 
of the first long flannel, while the 
double row shows the method of 
obtaining the yoke, half of which 
IS shown in the same diagram. 

(See Dressmaking for Blouse 
Cutting.] 

A to B and C to D are 10.J in. ; 

A to D and B to C, 8 in. ; B to 
E and A to F, in. ; B to 1, 

2i in. ; A to G, 1 in. ; G to H, 

2 J in. ; to J, 1 in. ; J to K, a 
little longer than front ; L to M, 

3 in. Shoulders, 2} in. These 
should extend to just above the 
lim‘ F E. If required fuller, 
simply add on an inch or so to 
centre front and back. Re- 
member, too, that a healthy 
baby grows at an extraordinary 
rate, so that the garments should 
allow for expansion. The arm- 
holes should be quite loose, and 
not less than 9 in. round. 

The Sleeve. A to B, and C to D, 6 in. ; 
B to C, and A to D, 10 in. ; B to E, 3 in. 
The under part should only be very slightly 



art' shaped as in diagram 10, and sloped out a 
little for the under part of armhole. For the 
nightgown, 2 yd. should be (*nough, of which 
one width, and a half tom 
lengthways, are required for th(‘ 
skirt, the remaining half-width 
sufficing for the yoke (which is 
double), sleeves, and band. 1’he 
daygown will require 2| yd. 
to 2.J yd., as this must ho 
fuller and longer, to allow for 
hem, tucks, and ornamentation. 
Wide, embroidered, tucked and 
inserted flouncing can, howev(‘i, 
be bought by the yard, which is 
much used for robes and day 
gowns, saving much work. If 
this be employed, 1^ yd. to 2yd 
arc enough for the skirt portion. 

The Empire robe is made 
either of silk or cambric, and 
is cut from the bodice and sleeve 
patt(*ms shown in diagrams 8 
and 9, the material being tucked 
and inserted as required l)efore 
cutting out. Yokes and bodices 
can, however, now be bought 
The skirt consists of two or more 
tucked and ornamented as 


BODICE SLEEVE 


ready-made, 
straight widths, 
desired— this being baby’s smart gown. 
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Slip Skirt and Head Flannel. The 

slip skirt is made in exactly the same way as the 
last, without the 
bodice, ether of cam- ^ 
brie, lawn, or silk. It 
can }x‘ trimmed as 
elaborately as d<‘sired, 
and is socurod by a 
band, whilst two soft 
ribbon straps pass 
over the shoulders 
from the back, to be 
fastened to the waist 
in front. This skirt 
may be made to slip 
on over the head, but 
a bettor way is to 
make it fasten cither 
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11. DRAFTING LONG FLANNEL 


at the side with two or 
more soft satin bows, or to fold it well over at 
the back without any fastenings at all. The 
pattern in any case is the same, except that 
for the last a little more fulness must be allowed 
when cutting, to allow for folding over. 

The head flannel has 
already been men- 
tioned. The best way 
to make the casing for 
the ribbon at the head 
part is by means of the 
fancy stitches shown in 
diagram 5. 

The siicceeding dia- 
/p'ams show how to cut 
out the hygienic set 
depicted in diagram 8. 

Bodice for Long 
Flannel. A to B, 
and C to D, llj in. ; 
B to C, and A to D, 
74 in. ; B to E, and A 
to P, 4 in. ; G and 
H, midway between 
these last lines. I is 
J in. above line AB. 
llie other measures 
18. NIGHTDRESS are marked in the 
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dia^am, and the double front portion is out as 
indicated by the broken line, the paper being 
folded back for the centre line marked B, C, E, 
and G. 

If required without sleeves, the back neck 
should fasten over the front and the armhole 
portion must be very neatly bound with soft 
ribbon [11]. 

The Sleeve. A and B, and 0 to D, 84 in. ; 
B to C, and A to D, 11 in. ; B to E, and A to F, 
5 in. ; A to I, 34 in. ; and B to J, 3 in. G and H 
are midway between last points. The notches 
correspond with those of bodice and must not 
be forgotten [12]. 

Tlie hkirt portion is similar to those alreadv 
mentioned. This pattern will do equally well 
for a nightdress, with the addition of lace edging 
and more ornamentation. It may also be made 
to fasten down the centre of front if preferred. 

Nightdress. Diagram 13 is an extremely 
simple pattern for a nightdress ; it is cut all in one 
piece, and fastens up at the centre-front, or at 
the side, as wished. A to B, 14 in. ; B to C, and 
A to D, 28 in., or longer if wished. A to E, 5 in. ; 

E to I, 1 in. ; Fto G, 
0 in. The sleeve is 
curved slightly from 
F to G, but this is 
quite optional, as it 
can be made nearly 
straight. The neck is 
from 10 to 12 in. 
round. 

It can also be made 
double-breasted, as in 
the diagram; but in 
this case back and 
front must bo cut 
separately, the extra 
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portion following the shape of the broken lines. 
In this last shape the sloev(*s are better left 




LONG 





open at the top edge and fastened 
with narrow ribbons, while the 
edges should be finished off with 
festooning. 

Princeas Day Gown. Diagram 
14 gives the drafting of the Princess 
day gown shown in 2. This, like 
tile former, fastens over at the 
side, and is put on exactly in 
the same way. The fastenings in 
this set should be alternately 
arranged for right and left. 

Thus, if the long flannel fastens 
to the left, the gown should fold 
over to the right, and vice versa, 
a matter which is quite easy to 
arrange. This frock can bo cut 
from the bodioe-pattcm [ 8 ] by 
sloping out the underarm seams 
for the necessary width. A, B, C ^ 
and D represent the back, D, E, 

F, G and H the side-front, the 
remainder representing the ful- 
ness for front, the yoke of which is cut from 
the bodice as indicated. Both this and the full 
front are placed to a fold in the centre. The 
trimming of this robe is a matter of task*. 

Diagram 15 shows 
howto cut the square 
kimono [4c] which is 
too simple to need 
further explanation. The 
ribbons are to tie it 
I'ound the arms. The 
neck is a circle about 
4 in. in diameter. Dia- 
gram 16 illustrates the 
method of cutting out 
the circular kimono 
in 4d. 

A to B, and 0 to D 
arc 20 in. in length. A 
to E, Oi in. ; E to F, 

.‘1 in. ; B to G, 6 in. 




16. emruLAR kimuho 


The collar is cut from 
the neck portion three or more inches wide as 
desired, whilst the remaining measurements arc 
given in diagram. 

In diagram 17 we have the little tea- jacket 
or outdoor coat shown in 46, which is cut 


from the bodice of 11, being pre- 
ferable to the round ari^oles. 
Should the latter, however, be pre- 
ferred, the bodice [8] can bo 
utilised in the same way by allowing 
extra fulness at front and side. It 
could be also made with a yoke, 
and th(^ lower part, pleated or 
gathered on to it. The broken lines 
show the way in which the pattern 
of 11 is to arranged. The 
sleeves for both have already 
been given [9 and 12], but in each 
case they should be much fuller, 
as this coat is designed to go on 
ov('r the other garments. The 
length and trimming are also a 
niatt^T of taste, about 8 in. being 
a fair average for the former. 

Diagram 18 shows the method 
of cutting out the cloak in 4 , 
which is cut on the same lines as 
thc‘ tea- jacket just mentioned, 
with the wide armholes and sleeves extending to 
the neck. This shape, however, can easily be 
formed into an ordinary sleeveless cloak by 
cutting it with a V at the neck part, as shown 
by the broken line 
between the armhole 
lines. Both capes are 
shown on the same 
diagram, but must, of 
course, be drafted w^pa- 
ratc'ly. 

A to B, and C to I) 
an* 41 in. ; B to C, and 
A to D, 38 in. ; H to 
E, and A to F, 20 in. 
I’lui sleeve opening is 
0 in. to 7 in. in depth. 
For the cape, G t») H 
and I is 20 in., G to J 
and K, 3 in. Pivot 


PRINCESS DAY GOWN 



from G to H and I for the outer circle* of cap(‘, 
then cut th(* n(*ck as shown, and the upper oik*, 
or collar, from this. Tin* method of cutting the 
sleeves is shown in 12. 

Not(‘ that this cloak can be made with a 
yoke if wished — a lit th* rounded one for preference 
— which can be cut from 8 . In this case the 
lower portion is gathered on to the neck, and 
would not be cut up to it. For this cloak 3J yd. 



15. SQUARE KIMONO 


17. TEA-JACKET 
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of 44-in. goods aro required. If less than 
44 in. wide, divide as shown by the 
broken line, and allow nearly double the 
quantity of material. 

Short-coating Set. The op?ration 
of short-coating is now never deferred 
beyond three months, and may take 
place before this period, whilst some ^ ^ 
babies, whose mothers are ^ ^ ^ 

j)rogres.sive, have never 
worn long clothes at all, ' 
and have never suffered 
from the omission. 

The garments themselves 
differ very little in shape 
from the long ones except 
in length and size ; the 
bodices in nearly all cases being larger, which, 
however, is quite an easy matter to arrange 
and needs no explanation [19]. 

Some additions are necessary, howevet, and 
these include the pilch, or first drawers, and 
several dainty pinafores ; h and d show two 
shapes of pilch ; c the small petticoat, a the 
pelisse, and e the frock. 

When the laundry bill is a matter of no 
concern, pinafores are often never used at all 
for the first few months, the child always being 
dressed in fresh, white frocks. 

Diagram 20 shows the first drawers, which in 
the new baby’s wardrobe would be of flannel, 
but in others of cambric or fine longcloth, in 
each case with the leg-openings boimd and 
trimmed with lace. 

To draft the pattern, make A to B, and C to 
D, 13 in. ; B to C, and A to D, 16 in. ; C to £, 
and D to F, 5 in. ; F to G, and G to I, 3 in. ; 

G to H, a little more. The broken line on iM 
either side of G and H shows the portion to be 
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hollowed out between the legs to give a little 
more shape here for the next size ; but for the 
very first stage this is not necessary. Half a 
yard of 36-in. flannel is required. Some people 
prefer the pilch made with the points extending 
up to, and fastening to, the waistband. This, 
however, is a matter of taste, and it is quite 
easily managed from the same pattern, as 
shown by the broken lines in the diagram. 

A pair of stork pants should also be added to 
the fist. These are much the same as those 
shown in the diagram, but are made of thin 
waterproof material. 

The Pelisse. Tlie pelisse can be out 
from any of the former patterns, and should 
extend from 1 in. to 3 m. below the feet. 

At the crawling stage a pair of loose drawers, 
or a crawling suit, will be found very useful for 
keeping the petticoats clean and doing away 
with frequent changes. The latter is cut 
somewhat similar to the combination illustrated 
in the next article, but somewhat fuller in the 
legs ; whilst for the former the drawers portion 
of the small child’s divided garment may be 
taken as a model, the knee part j^ing 
gathered into a band instead of left loose, as 
shown in the sketch. 

It is inferred that the reader has followed 
the preceding Courses on Undbrolothino 
and Dressmaking. Any details in the 
making of these garments apparently omitted 
from these lessons will bo 
found to have been pre- 
viously described. Speaking 
generally, when once the 
rudiments of plain needle- 
work and the drafting 
system have been mastered, 
it is merely a question of 
adapting me patterns to 
the garments required. 

Continued 
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By J. CUTHBERT HADDEN 


•yHE organ is known familiarly as the King 
^ of Instruments. It deserves the name 
alike as regards its compass, its powerful 
dimensions, and the space which it occupies. 

Nature of the Instrument. In incep- 
tion, at least, it is one of the very oldest 
of musical instruments. Such, too, is the 
flute, and, as Sir John Stainer has conclu- 
sively shown, the history of the organ is 
nothing more than a narrative of the efforts 
made by man to bring under the control of one 
performer a large number of flutes. Not 
flutes of the modern orchestral type, blown 
at a hole in the side, but flutes with a mouth- 
piece, very much like the familiar penny 
whistle. There is little difference between 
a penny Vhistle and an organ pipe, and 
if you think of the primitive organ as an 
instrument in which several penny whistles 
were brought under the control of one per- 
former, you will have a good idea, to start 
\^ith, of the evolution of the “ King of In- 
struments.” 

First, they stuck several flutes over a 
wind* chest supplied by bellows ; then, 
gradually, they added more and more flutes 
in the form of real organ pipes. A keyboard 
naturally followed. Before its invention, the 
pipes (say, the flutes) were ” made to speak 
or be silent at the will of the player by ]mlling 
backwards or forwards pieces of wood, the 
ends of which either closed up the foot of 
a pipe or allowed the wind to enter it.” This 
was a slow, clumsy business. The first 
keyboard (about the end of the eleventh 
century) was not quite so slow, but it was 
nearly as clumsy. The keys were so long that 
five of them took up about the space of eight 
on the modern keyboard, and the player had 
to hit them with his closed fist or press them 
down with his elbow, so that he was called not 
the organist, but the ” organ beater.” Or- 
ganists of those days required the muscles of 
a blacksmith. 

Construction. In time the keys were im- 
proved until they became practically what 
they are to-day, except that where the keys 
are now white they were black, and where they 
are black they were white. Keys for the 
hands were subsequently (fifteenth century) 
followed by keys for the feet, which, in the 
modern pedal hoard, as it is called, are one of 
the essential characteristics of the pipe organ. 
Reed pipes (to be explained later) came also 
in the fifteenth century, and inventions and 
improvements went on with the progress 
of time until now, in the organ of to-day, we 
have one of the grandest and most complete 


of all musical instruments — the veritable 
“ King.” 

To explain the construction of this “ in- 
strument of instruments ” with any minute- 
ness would occupy a vast amount of space. 
The student should try to see an organ in 
actual process of “ building.” No amount of 
printed matter can compete with such a lesson 
as that, and indeed, the modern organ is so 
complicated a piece of mechanism that it is 
very difficult to make its details clear on paper. 
Broadly speaking, those details go into the 
following divisions: (1) The apparatus for 
collecting the wind — that is to say, the bellows ; 
(2) thn means for distributing the wind — the 
wind trunk, the wind chest, and the sound- 
board grooves ; (II) the me -hanism for playing 
the instrument — viz,, the keyboard and the 
key movement ; and (4) the mechanism for 
controlling the use of the tiers of pipes — viz., 
the draw-stop action. 

The Mechanism. The bellows requires 
no explanation. Its primary function is to collect 
the wind and to send it forward by means of the 
wind- trunk to the wnnd-chest, where the wind is 
directly drawn upon as required. Tliis wind- 
chest runs the whole length of the sound- board, 
upon which the various tiers of pipes are stacked ; 
and in it are located the little contrivances 
called paUettt, which prevent the wind getting 
further until <hey (the pallets) are operated ujion 
front the keyboard. This brings us to the key- 
action. The pallets are, of course, a long way 
beyond the player’s reach, but they are moved 
instantly by rods connected with the tail of the 
key. The action is simple enough in its operation, 
though it involves the use of three or four separate 
pieces of mechanism — the sticker, the roller and 
tracker, and the pull-down, to iis<* the tech- 
nical terms. By the draw-stop action tlu‘ player 
is enabled to bring into use or shut on any 
particular set of ])ipe8. If it were not for this 
action, all these sets of pipes would always sound 
together, just as they do when the organist 
pulls out every ” knob ” in his organ. Ev(»ry 
separate set of pipes has beneath it what is termed 
a slider. This slider is perforated with holes 
corresponding with the moutlis of tiie pipes. 
When the slide is “ open ” the holes are exactly 
beneath the mouths ot the pipes ; when it is shut 
(by the draw-stop), the wind is cut off, and the 
pipes are necessarily silent. In short, to quote 
a musical dictionary maker, “ the pulling out of 
the draw-stop rods in front of the organ so far 
admits the wind to the pipes tliat it is only 
necessary to press down a key, which opens a 
small valve, to make the pipe connected with it 
speak ; the pushing-back of the register-rod 
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(the whole Hweep of the movement is only about 
an inch) silences the stops.” Here, in brief, 
is the mechanism of the modern organ. But, 
after all, one feels the explanation to be so sadly 
futile that he comes back to the originally- 
suggested advice : see an organ in actual process 
of construction. 

The Piano as a Substitute. Now, 
there are peculiar difficulties about the study of 
the organ. You may buy a clarionet or a flute 
and carry it homo in your pocket. A violin easily 
goes into a portable case. A piano is a recognised 
piece of household furniture. But you cannot 
carry about an organ ; it cannot rt*adily be set up 
in an ordinary sized room. You find it in the 
church only, and you have to make a variety of 
arrangements before you can enjoy your jjractice 
—take lessons from the organist, engage a blower, 
perhaps bargain with the churchwardens or 
managers, and so on. Hence it has to be admitted 
that it is hardly possible to study the organ with- 
<jut calling in the aid of the instructing, living 
organist. It is only through him, as a nile, that you 
can get at an organ, though, in London, at least, 
the student can always command the use of a prac- 
tice instrument at a moderate fee. Nevertheless, 
if one is once fairly grounded in the elements of 
organ-playing he may continue his study unaided 
as easily as the violinist or the pianist. He may, 
perhaps, obt/ain a church appointment where the 
modest salary is in keeping with his modest 
abilities. Thus he will have an organ at his 
sole command, by which he can readily advance 
to the heights which the great men of the organ 
world hav(5 won and kept. 

Then, as already hinted, you may hire an 
instrument by special agreement. If you do 
not know of any such instrument, advertise 
f(»r it. There are churches which hire out their 
organs to students as a means of reducing a 
ilcbt that rests on the instrument. Finally, 
you may have a pedal attachment fixed to your 
piano. The “ foot -keys,” remember, are the 
(‘ssential characteristic of the pipe organ. The 
manual keyboard of the organ is the same as 
the keyboard of the piano ; which means that 
you can ” get up ” all your organ music on the 
piano — except tjie part for the feet. For this 
latU*r you must add to your piano a set of pedal 
keys. It is a simple matter, though it will 
eost you a ten -pound note tor a good and 
reliable piece of mechanism. But think what 
you gain ! You can practise your organ studies 
whenever you like. You do not recpiire to go 
to the church every time you want to “ run 
through ” a Bach fugue or a Mendelssohn 
sonata. You save tlie cost of a blower. And — 
you add to the certainty of your execution ; 
for a mistake on the piano is much more easily 
detected than a mistake on the organ, and on 
the piano you must hit a pedal note “ clean ” 
or you will know it ! 

Necessary Preliminary Technique. 

Whenever possible, get at the organ itself ; 
when that is not possible, the best available sub- 
stitute is the piano with the pedal attachment. 
But it is, at best, a makeshift ; a supplement, 
as it were, to work at the keyboard within the 
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church walls. And here another point suggests 
itself. Keyboard study should never be begun 
with the organ. It is a waste of time. If you 
cannot play at all, do not dream of attacking 
the king of instruments until you can at least 
play a little. In the words of Sir John Stainer, 
an organist “ should not commence his practice 
on the king of instruments until he has a thorough 
knowledge of musical notation, can road fairly 
at sight, is able to play all his scales evenly and 
rapidly on the pianofortt*, and, above all things, 
can carry his hand in a good position while 
playing chords and scales.” For giving elas- 
ticity of action to the fingers and wrists, for 
forming the position of the hand, and for training 
the touch, the piano stands unrivalled. As 
Stainer insists, all this portion of an organist’s 
work (and it is a most important portion) 
should be done at the piano. The point must 
be emphasised. When you have to hire out 
an instrument, and perhaps to pay for a blower, 
it is out of the question that you should sit at 
the organ doing that which you had far better, 
and with no financial outlay, do at the piano. 
So, then, do not be in a hurry to get to the 
organ itself. L(‘arn, first, to play a little on the 
keyboard — either the keyboard of the piano or 
the harmonium, the former by decided pre- 
ference. Then, when you sit down to the organ, 
instead of having to play scales and finger 
exercises, and pieces of ” absurd simplicity,” 
you will be able to attack at once the peculiar 
difficulties of th(‘ instrument, which consist, 
essentially, in the combination of playing with 
hands arm feet. 

Difference in Organs. Having cleared 
the way of all preliminaries, let us sup- 
post* ourselves seated at the organ, ready 
to begin actual work. With the instrument 
thus before us, new points for explanation 
confront the instructor, for an organ is not 
like a piano. Roughly speaking, there is 
nothing to explain to the young pianist about 
his instrument but the keyboard and the loud 
and soft pedals. Then* are dozens of things 
to explain about an organ, to say nothing of 
th'^ fact that no two organs are alike, as all 
pianos are essentially alike. For example, we 
may imagine ourselves seated at an organ with 
two or three or even four keyboards ; with a 
dozen stops or five dozen stops ; with a straight 
or a radiating, a flat or a concave pedal-board ; 
with a “ balanced ” swell pedal, or an old- 
fashioned pedal fixed by a notch. The action ” 
of one instrument may be tracker, that of another 
pneumatic, of a third electric, and so on. There 
is, in fact, no end to the diversities of organs. 
For the student’s purpose, however, it will be 
enough to take the essentials, and leave the 
differences for his own individual attention 
as th»>y present themselves. 

In the first instance, then, there arc the 
manual keyboards. Organs of two manuals 
are by, far the most common. In these the 
lower manual represents the threat Organ, the 
upper manual the The names are suffi- 

ciently informing. The Great Organ is so 
called because it includes (or ought to include) 



all tlie nobler and more characteristic stops — 
those of large scale and powerful tone ; while 
the Swell Organ owes its name to the fact 
that all its pipes are enclosed in a box with 
a sort of Venetian blind front, which can bo 
opened and closed by the foot of the player for 
the production of crescendo and diminuendo 
effects. When there is a third manual it 
represents the Choir Organ^ so called l)ecausc 
its usual delicate quality of tone was supposed 
to be specially suitable for the accompanying 
of voices. A fourth manual is found only in 
veiy large instruments, principally in cathedrals 
and concert halls. It represents the Solo Organ ^ 
the stops in this case being mostly of an orches- 
tral character, and such as are used for solo 
purposes. 

Pedal Keyboard. So much for the 
manual keyboards. Next we have the pedal 
keyboard, an essential feature of every pipe 
organ. It covers nearly two and a half octaves 
— from rCC to F, to be precise — and its function 
is, through its stops, to provide a suitable bass 
for the manual stops. There are various kinds 
of pedal-boards, unfortunately. The keys may 
be perfectly straight, or they may be disposed 
in radiating form. Either o{ these, again, may 
be flat or they may be concave — that is, gradually 
rise at the extremities. The student will readily 
adapt himself to whatever kind of pedal-board 
he has to practise on ; but he ought to seek 
opportunities of playing on jiedal- boards of a 
different pattern, otherwise, if he is being tested 
for an appointment on an organ whose pedal- 
board is unlike that to which he has been 
accustomed, he may easily come to grief. It 
IS a pity that all pedal -boards are not alike, as 
all manual keyboards are alike ; since the diver- 
gence exists, the student must make the best 
of it. 

The Stops. Now for another <*ssential 
feature of the organ — the stops Here, again, 
there are diversities as regards the nomenclature, 
but these arc to a large extent minimised by tht‘ 
never-failing uniform practice of indicating the 
pitch of the atop directly below its name. Thus 
one sees “ Bourdon, lb ft.,” “ Open Diapason 
8 ft.,” “ Principal, 4 ft.,” etc. This requires 
some explanation, though it is very simple Jt 
means that the longest pipe of the ])articular 
stop is of the length (in fwt) indicated on its 
stop handle. On the pedal the lb ft is the 
groundwork ; on the manual the groundw'ork is 
the 8 ft., the stops so marked giving exactly the 
same pitch as that of the pianoforte. Stops 
marked 4 ft. arc, of course, an octave higher ; 
those marked 2 ft., a couple of octaves higher. 
Thus, to put it in a word, the student will under- 
stand that when he pulls a stop marked “ 8 ft. ” 
he is getting the standard pitch ; w'hcn he pulls 
one marked “ 4 ft.,” and plays with that alone, he 
will, in effect, transpose his music an octave 
higher. The resultant rule is that he must 
<ilways use the 8-ft. stops as the foundation tone 
of the manuals ; the 16-ft. stops as the foiindat'on 
tone of the pedal. It is from these “ foun- 
dations ” that he must build up. If he wants 
to brighten the manual 8-ft. tone he will draw 


upon tlie 4-ft. and 2-ft. stops ; if to brighten 
the pedal 16-ft. tone, the 8-fu , and so on. 

The Two Claaeoe of Stops. But 

then there is the question of the individual 
tone- quality of the various stops. That is best 
determined by actual experiment. Still, there 
are certain broad principles which are easily 
stated. Organ stops are of two main classes — 
flue stops, so-called, and reed stoj^s. The flue 
stops include all the open pipes, such as are 
seen on the front of an organ, in which the tont» 
is produced by a current of air entering the foot 
of the pipe ; wliile the reed stops owe their tone 
and their name to the vibration of little metal 
tongues, as in the harmonium and American 
organ. The “ reeds ” are all enclosed in metal 
tubes ; the “ flues ” may be either of metal or of 
wood. It w^ould occupy far too much space to 
give a list, with accompanying tone descriptions, 
of the multitudes of stops found in large organs. 
Nor is such a description at all necessary in a 
work of the present kind. Whal the student has 
to note at the outset is that he must start with 
the 8-ft. tone on the manuals and the Ib-ft. tone 
on the )H)dals. Those are his bread and butter of 
the instrument, to to speak. As he advances, he 
w'ill w'ant to mak(' experiments for himself — to 
contrast this stop with that other stop ; to 
balance on(‘stop on the Great with another on the 
Swell or Choir ; to try this or that stop as an 
accompaniment to the ‘‘ oboe ” or the “ clarinet 
to t<‘8t tlie “ open diapason ” on the Great or the 
“ horn ” on the Swell as a solo in the tenor octave ; 
to see what can be madv' of the wood stojw and 
the rc‘(‘ds in combination ; and to make a hun- 
dred other expt^rimonts. This is one of tlus 
delights of organ study. The stop combinations 
and “ effects ” are endless, and onc(* the young 
player lias surmount/cd his first technical diffi- 
culties he should make constant tone-colour 
apjieals to his ear with every instrument witliin 
his reach. Men* book knowledge of organ stops 
is as useless to the player as a book knowledge 
of angling is to the man who would catch trout. 

Manipulation of the Stops. Well, the 
stops are there — on the right and left of 
the keyboard. As a nile, when you want 
them individually, you must pull them by 
hand. But it is not alw'ays either necessary 
or ]K)ssible to pull them by hand, and so 
certain mechanical contrivances are made for 
getting them out by the foot. If you look 
lH*l(iw the lowest manual keyboard, just over tlm 
iiedals, you will see a sot of little irons, technically 
Known as “ composition pedals.” By means of 
these you can force out a particular combination 
of the manual stops (somc'times the j)(»dal is 
included), th(‘ arrangement, as a rule, following 
in crescendo order, from p io ff. Those composi- 
tion pedals are indisiiensable for sudden changes 
in flower of tone, and the student should early 
familiarise himself with their use. But let him 
always remc'mber that he must never sacrifice 
the time or rhythm of a passage in an effort to 
change his stops. “ Stops,” says an eminent 
authority, “ should on no account lie changed, 
eithcT by composition pedals, jiistons, or the 
liand unk»ss it can lie done without breaking 
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the time or disturbing the rhythmical form of 
the music.’’ 

Swell Pedal. As regards the swell pedal, 
not much need be said at this stage. The man- 
agement of a cresctndfj and diminuendo which the 
swell pedal puts at the disposal of the player is 
not a matter for elementary experiment. For one 
thing, it robs the pedal-board of a foot which 
the young player can ill spare. He may get a 
little more expression, indeed, by his use of the 
swell pedal ; but, on the other hand, it is more 
than likely that he will bungle the performance 
of a pedal passage. Stainer’s rules for the use of 
the swell crescendo and diminuendo ought to be 
impressed on all young players. They are as 
follow : 

“ Never use the swell pedal unless the proix'r 
I'xpression of the music demands a cnscendo or 
diminuendo. 

“ Never sacrifice the proper performance of a 
pedal passage for tlie sake of using the swell 
])edal. 

“ Be as careful of the way you let the pedal 
return upwards as of the way you j}ress it down. 

“ Observe carefully th(‘ length of the passage 
marked crescendo, and do not get the swell fully 
open till the climax — unless you are prepared to 
carry on the crescendo by adding stops. 

“ The swell crescendo is the more effective if 
not used too frequently.” 

This should be the student’s gospel as regards 
the use of the swell pedal. The bad player never 
has a leg to spare but he uses it in pumping the 
swell pedal up and down, often with the most 
ludicrous and distressing effects. 

Position of Player. A word upon 
another matter. See that you are comfortably 
seated at the instrument. Occasionally the pedals 
are fixed too low down for the heels to reach the 
naturals with ease ; som<*times they are set so 
high that the player’s knees knock against the 
underside of the board on which the manuals 
rest. There is no remedy for these errors of the 
organ builder. But very often you will find, 
when there is any discomfort, that a little adjust- 
ment of thc^ height of the organ -stool will put 
things right. Obviously, a six-foot organist does 
not want a seat so near the pedal board as a 
Zaccheus of the keyboard. Stainer’s is really the 
bc'st test of a good position, and it is this ; 

When seated, lift u}) both feet and hold them 
just over the pc*dals so that they could play, if 
required, either on the long or short pedal -keys, 
at the same time holding both hands over the 
manuals, so that they cobld play, if required, 
on any of the manuals cither separately or in 
conjunction with the feet. 

Tf the pupil, while in this position, has an 
uncomfortable sensation that he is likely to 
knock his nose against the desk, the organ-stool 
is too far away from the keys or he is sitting too 
near its edge. 

If the pupil cannot move his knees freely to 
the right and left, the stool is eithcu* too near the 
keys or he is sitting too far on it. 

Much has been written about the right sort 
of footgear for the organist. The matter is 
entirely one for common -sense. The player’s 
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ankles should be quite free ; therefore, he should 
not wear boots. A well-made shoe, not too 
heavy nor too slim, with solid, broad heel-pieces, 
and neither too narrow nor too round at the toe, 
is what ex|)crience has pointed out as most 
suitable. Very thin soles mean an unnecessary 
strain on the muscles of the foot, and narrow 
heels (such as ladies wear) can never be quite 
sure of the key. There are organists who could 
pedal in Wellington boots, but for the average 
player there is nothing to beat the shoo as just 
described. 

Practice. Now it seems time to begin 
actual work. In the way of practice material, 
it would, we think, be unwise to attempt to give 
the student anything better or more helpful than 
the excellent exercises written by men whose 
names are familiar in every housidiold. Nino- 
tenths of the organ studrmts of these days 
begin with Stainer's “ Organ Primer ” (Novello), 
and thereafter, if not conjointly, work through 
thc‘ greater part of Rinck’s Practical Organ 
School,” as edited by W. T. Best (Novello). 
Nothing could be better for the purpose. The 
Stainer primer begins with a large variety of 
simple exercises for the feet, following these by 
exercises for acquiring the characteristic manual 
touch of the organ ; and going on, through 
graded stages, to the playing of hymn tunes and 
pieces, and the mon‘ elaborate fugiu'S and other 
work peculiarly associated with the king of 
instruments. Every student of the organ should 
found his practice on this excellent manual, 
supplementing it, perhaps (if he desirt*s to excel 
in pedal work), by Mr. Cl. E. Lake’s “ Pedal Scale 
Studies,” issiu»d by way of supplemtmt to the 
primer, by the same publishers. 

Rinck’s “ Organ School ” is hardly less 
valuable. Most of our cathedral and other 
notable organists have been rear(‘d on it, and 
its contents have the* recommendation of being 
at once good tec-hnical studies and good music — 
always useful to the organist in active church 
work. Th<‘ School ” is divided into six parts. 
It will depend on the studint’s already-acquired 
facility at the keyboard whether he should work 
through the preliminary thirty-six exercises in 
two, three, or four parts, without pedal. These 
exercises are doubtless useful, but th(‘y are not 
characteristic, and might as well be played on 
the harmonium or the American organ. We 
would suggest rather that, assuming a certain 
technical familiarity with pedal and manual key- 
boards, a start should be made with the twenty- 
four preludes in the twelve major and twelve 
minor keys, following them up with those in the six 
l<‘ss usual keys of C J, G !?, C / major, and G J, D J, 
and A minor (Nos. 37 to 66). “ In support of my 
recommendation of such exercises,” says Rinck 
himself, “ it may be enough to quote the opinion 
of my ever dear master, the late Mr. Kittel, 
organist at Erfurt (the latest living pupil of John 
St'bastian Bach), who strongly advised practice 
in all the keys. The same course of study i« 
also enforced by the father of all organ players, 
the great John Sebastian Bach himself, who, in 
his ‘ Forty-Eight Preludes and Fugues,’ has given 
two preludes and two fugues in each and every 
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of the twelve major and minor keys. An organ 
player should obtain such facility in mastering 
every key as to overcome every difficulty, how- 
ever presented.** These are valuable -words, 
and the student should weigh them well. When 
he has conscientiously worked through Kinck's 
“ Thirty Preludes in all the Major and Minor 
Keys,** he will be fit to attack almost anything 
in the way of ordinary organ music. But first 
he must go a certain length through the Stainer 
primer, as is more clearly indicated later. 

Playing with the Feet. Tlie prime 
difficulty with the organ student is that of 
learning to play with the feet. If he already 
plays the piano or the harmonium, the manual 
keyboards of the organ will be perfectly familiar 
to him. But it is otherwise with the organ pedal- 
^ board — the only thing of the kind. That is one 
of the essential features of the in.strument ; a 
feature requiring special study, and l)etter 
attacked at once before attempting the com- 
bination of hands and feet. Turn, therefore, io 
the Stainer primer, and look at j)age 37. 
Stainer’s plan with the beginner — and it is a 
very good plan — is to make him find different 
notiis on the pedals by feeling with his toes. This 
is done by discovering the gaps between the 
short keys, corresponding to the ofum spaces at 
the back of the white ki'ys of a piano Ixitwecn 
B!> and Cjf, and Et^ and FJf. Just so a blind 
man learns to play the organ, and because he is 
debarred from looking at his feet, as most sighted 
students of the instrument are Unnpted to do, 
ho acquires a confidence which proves his in- 
firmity a positive advantag(‘. 

Stainer indicates the gaps between th(^ short 
keys (in their order from the lower end) by the 
letters U, V, W, X, Y, Z. If you thrust your 
foot into V, the flat of the foot will lx» over the 
extreme ends of the keys K and F ; if into W, it 
will be over B and C ; and so on. This is A^hat 
you are to do by way of preliminary practice 
in “ finding ” the notes. Having acquir(‘d a 
measure of certainty in locating the keys in these 
Hfiaces, you go on to find the notes lying near them. 
For example, you find W wth the left foot ; 
then, after feeling the sides of the short keys B I? 
and you draw the foot out and strik<‘ B 
firmly and without hesitation. Stainer gives 
three whole pages (pp. 38, 39, and 40) of cx<t- 
cises in this finding of individual pedal keys 
by the “feeling” process. You must work 
through them, cor ling the pedal to on<‘ of 
the manual keyboards, so that the eye may 
come to the assistance of the ear in deter- 
mining whether you are perfectly right. Do 
not get into the habit of peeping down at 
your feet. That way lies perpetual nervousness 
as a pedallist. 

Position on the Organ Stool. These 
“ feeling ” exercises mastered, you proc eed to 
•the practice of exercises for alternate tc»es, 
which, as Stainer remarks, will serve the double 
purpose of rendering the ankle-joints elastic, 
and of accustoming you io the measurement 
of intervals on the pedal- board. The three 
pages of exercises (41, 42, 43) in this form are 
made to coVor practically the entire range of the 


foot keys. The student will at first feel himself 
a little uncomfortable as he worlm down to the 
extreme lower notes or up to the higher notes of 
the pedal-board. He will be tempted to shift 
his position on the seat to “ get nearer them,** 
as students often say. But he must not do this. 
The legs alone must be made to meet the greater 
distance either way. You must keep conscious 
that you are going to the extreme ends, and be 
continually inclining — but only inclining — your 
knees and body in that direction. This gradual 
effort will accomplish it, so that no sudden move- 
ment in the required direction will then become 
necessary. You must be particular to observe 
that you are not assisted in this by the hands, 
whether by resting on tlu* seat or keyboard 
frame, or by manual playing, for you must 
school yourself to accomijlish this movement 
without such extraneous aid. But above all, 
you must not shift your position on the scat. 
do so upsets that subtle process of half-mental, 
half -mechanical measununent of pedal- board 
intervals which the organist finds so essential. 
Fjx your position on the seat, and keep to it, no 
matter what part of the pedal- board is being used. 

Pedal Scales. Many organ teachers insist 
on their pupils practising a complete set of pedal 
scales at an early stage of thc*ir studies. For 
students who wish to follow that plan there are 
Lake’s “ Daily Studies and Complete Scales ” 
(Novello) and Pearce’s “Pedal Scales” (Ham- 
mond). At tnis stage, however, 8tain(*r’s plan of 
scale passages seems more practically servics'- 
able. These passages [8(*o pages 51 and 52] he 
marks for alternate toes, th(' us<» of the heel being 
held over for the present. The student should 
understand that the sysUmi of alternate “ toeing ” 
is always to be preferred whenever it can be 
adopted, as producing a “ cleaner ” and more 
certain performance* And hc^ must further note 
that in this 'system the right foot has always to 
be kept w^dl in front of the loft, so that the one 
may pass behind or the other pass in front, as 
the ease may be. Thus, supposing you have* 
this little j)assagc to play : 

you will place the left toe well back on the C, 
the right toe well forward on th(* D ; tlie left 
will come up behind the right (the heel of which 
is raised a little to let it pass comfortably), and 
strike the E ; and so back again to the Stu- 
dents often get into the hal)it of huddling tin* 
feet together near the short k(*ys, which always 
produces a clumsy and uncomfortable per- 
formance. In working through the Stainer scole 
passages, then, let the pu}>il aim esfjecially at 
the a'^quirem#*nt of facility in jx^dalling thus with 
alternate toes. One must candidly admit that it 
is somewhat monotonous playing on the pechil- 
l>oard alone, but the drudgery is inevitable, and 
must lx* faced by all serious students of the king 
of instruments. It is sheer waste of time for the 
mere beginner to attempt the union of hands 
and feet while he is still unable to use the feet 
alone. 
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Manual and Pedal Keys. Having 
gained a certain facility in the use of the foot 
keys, the next thing is to attempt a combina- 
tion of manual and pedal keys. This sounds 
much easier than it usually proves to be.. It is a 
curious fact, which you may readily demonstrate 
for yourself, that the feet generally want to go 
the same way as the hands — as the left hand 
especially. An old master was fond of illustrating 
this to his pupils by making them write the 
capital D, with its turn to the left, while 4.he 
foot was at the same time tracing a half-(*ircle in 
the opposite direction — towards the right. The 
student may make test of the letter performance, 
or he may try playing this — the upper part with 
the left hancl on the manual, the lower part on 
the pedals : 



If he does not feel that he would like to have 
the fe(*t going m the downward direction of the 
fingers, he may consider himself lucky. In any 
case, he must nim at complete indeix^ndenc(5 
between hands and fc(‘t, for which sfiecial purpose 
he will study, as a beginning, the five exercises 
printed by Stainer on pages 5b, 57, and 58. They 
are call<*d “ easy,” but the student must not feel 
discouraged if he finds that they do not answer 
to this description in his case. To play from 
three staves, the right hand on one manual, the 
left hand on another, and the pedal in addition, 
is by no means “ easy ” to the beginner at the 
organ. The liest and shortest way of getting 
over the difficulty is bi make sure of th(‘ manual 
parts first ; then take the pedal part, first with 
the right foot alone, and next with the left 
foot alone. I^inally, take all three together. 
With regard to the manuals, see that you have 
the tone-quality sufficiently contrasted to make 
each part stand out distinctly. Thus, if you 
take the right-hand part on a flute stop in the 
Great, you might take the left on a reed in the 
Swell. It is prc'ferable in these exercises to 
co^le the pedal to the Great kej board. 

Touch. At this point it may be well to say 
something about the manual touch of an organ. 
This differs from the touch of a piano in several 
respects. First, as Stainer puts it, an organ key 
is pressed down, not exactly struck, as on the 
piano. Next, the loudness or softness of the tone 
is quite imalTected by the force used by the finger. 
In some organs (those of older make chiefly) 
the touch is abnormally “ heavy ” ; in others, 
it is abnormally light — so light that the weight 
a feather wiW almost make the kev sound. Again, 
there are instruments in which the touch of one 
manual is different from that of the other 
manual or manuals. In view of this fact, there 
is a recognised rule that the player should adjust 
his touch to the heaviest manual. If he doesn’t 
do this, he is in some risk (when changing from 
the lighter to the heavier manual) of passing over 
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one or more keys vnthout producing any sound. 
On the whole, however, the touch of the modem 
organ is a light touch ; and in that respect 
Stainer’s remarks on page 44 are coming to have 
less and less application in actual practice. 

Having mastered the “ easy exercises for 
producing independence of hands and feet, wo 
are now ready to look at the method of “ toeing 
and heeling ” the pedal-board. This method has 
to 1)0 called into use on two accounts. First, 
the free introduction of the short keys makes it 
necessary ; and, second, there is the frequent 
withdrawal of the right foot for the manipulation 
of the swell pedal, making such a use of the h('t*l 
absolutely imperative. Of course, in many cases 
it is a question whether toe and het'l shall be 
used, or only alternate toes. Thus, Stainer 
marks as follows (it is understood that marks 
above the stave mean the right foot and marks 
le left) : 


O A O O A O 



But there is no reason why this should not be 
played by alternate toes, beginning with the left 
foot. The one method is indeed more com- 
fortable than the other. Take, however, the 
following : 



Though it is quit4‘ ^Kissible to play this with 
alternate toes, it is much more easily played 
with a combination of toe and heel ; 


O A O 



i • ' ■ 

o o 


Wlu*n both feet are free, it is therefore a cas<' 
of choosing that form of pedalling, as to toe and 
hec‘l, which is most comfortable and best calcu- 
lated to produce a smooth and certain p.^r- 
formance. 

Experience will teach the player many tricks 
of pedalling — will show him, indeed, many 
instances in which a passage may be most 
easily played by ignoring all the rules. For the 
present he will do well to “ stick to Stainer.” 
Tlie toeing and heeling exercises printed on 
pages 59 and 60 arc sufficiently comprehensive, 
and when the student has completely mastered 
them he will have laid the foundation of the 
best possible methods of pedalling. They should 
be followed up by the five valuable exercises 
for giving still further independence of move- 
ment to hands and feet. These are in two parts 
only, th^ left hand being almost solely concerned 
with the manual part. The series of easy trios 
numbered 91, 92, and 93 embody the work done 
up to this point, and will be found an admirable 
test of the student’s progress. These latter may, 
with eminent advantage, be followed by a careful 
study of AlbrechtslStrger’s “ Twelve Trios,” 
edited by Arthur W. Marchant, and published in 
Novello’s series of Musical Primers. Stainer 
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himself approved of these trios being issued as 
a supplement to his ** Organ Primer.*’ 

Fingering. Up to this point nothing has 
been required to be said about any special method 
of fingering for the organ. Each hand has had 
only a single part to deal with, and the fingering 
has therefore been (as it will be in all such cases) 
essentially the fingering of the piano. But there 
is very little organ playing of this kind. It is 
rarely that the organist has not two parts in 
each hand, and while the pianist may turn his 
thumb under the fingers and the fingers over the 
thumb, the organist has to adopt quite another 
method. This is known as the legato style, and is 
obtained by changing the fingers on the keys 
without repeating the sound. The subject is 
dealt with pretty fully in the Harmonium and 
American Organ lessons, and to its treatment 
there the organ student may be referred. 

The pianist studying the organ will find it some- 
what difficult to acquire the legato style, and 
will, indeed, often be tempted to ignore altogether 
this, its most essential characteristic. The 
disjointed effect produced by fingering the organ 
by any other method is, however, so intolerable 
to the ear that no person of real musical taste 
will ever entirely shirk the very necessary prao- 
-tice of finger substitution. On the piano you may 
“ run up ” a scale in thirds without any changing 
of fingers and yet not outrag<' the ear ; but such 
a scale can be satisfactorily played on the organ 
only in some such way as this : 



Fon acquiring this legato style, the peculiar 
beauty of the organ, there is nothing better than 
the Stainer Exercises Nos. 94 to 108. No pains 
should be spared to get them done in the most 
finished manner possible. It is difficult at first, 
no doubt, all this finger changing ; but the 
student will find that by-and-by the fingers 
will shift for themselves without waiting for 
the direction of the player’s will — in other 
words, they will shift by instinct. It should 
be added, perhaps, that it is occasionally neces- 
sary, in the interests of a very smooth per- 
formance, to substitute one foot for another on 
a pedal key. This is eaily done when the key 
is a long one ; happily, it rarelv needs to be 
done on a short key, where it is naturally more 
difficult. 

Expression. In all his elementary work 
at the organ the student will require to think 
more of “ getting the notes right ” than of the 
expression of the music. As he gains facility, 
however, he will want to acquire the command 
of such resources as his instrument affords in the 
matter of expression. These resources, un- 
fortunately, are curiously limited. The organ 
is admittedly deficient in this respect — namely, 
that the player cannot influence the intensity 
of the tone by the character or force of his touch. 
Stainer mentions four sources of expression 
as being at the command of the organist : (1 ) The 


art of phrasing ; (2) tho contrast between 
legato and staccato ; (3) the selection of the 
Bt^ ; and (4) the use of the swell pedal. 

The first two belong, however, rather to 
advanced musicianship, while as to the third, 
it can hardly be said to come under tho head of 
expression as generally understood. Practically, 
expression consists mainly in gradations of the 
tone intensity, and in that respect the organ 
player has to depend mainly on the swell pedal. 
The use of this indispensable piece of mechanism 
has already been referred to, at a stage at which, 
however, it would not have been advisable 
to advocate its employment. Assuming that 
there is a pedal part to play, it is clear 
that the young organist cannot effectively 
control the swell pedal unless he is able to mani- 
pulate the pedal-board with the left foot alone. 
The swell crescendo and diminuendo should 
therefore be h(‘ld in abeyance until the student 
has acquired that expe^rtness in toeing and heeling 
which the use of one foot implies. Of course, 
where there is no pedal jiart, this restriction 
does not apply. 

Church Music. In taking up tho study 
of the organ, most persons have in view the 
securing of a church appointment, either as 
amateur or professional. As the basis of an 
organist’s church work is the playing of psalm 
and hymn tunes and chants, it will be well 
that the pu))il should now address himself 
to this important branch of study. Simjile as 
it appears, it could not be taken up at an t‘arIior 
stage— first, because of tho pupil’s practical 
unfamiliarity with the ])edal-boara ; and, second, 
because the legato style of fingering, which is 
alone used in this sort of work, had not been 
acquired. Assuming a fair command of the 
instrument in these respects, the troubles that 
will present themselves now will be those of 
“ reading ” and playing from four parts, and of 
adapting the system of finger suostitution to 
the rendering of two parts by each separate hand. 

As regards the ‘‘reading,” very little need 1 m* 
said here. It is chiefly a matter of practice*, in 
which a knowledge of harmony and the general 
laws regulating part -writing prove of immense 
assistance. To the pianist or tlio unpractised 
organ student it is liy no mc*ans easy at first 
for the eye to “ take m ” four parts at once. 
But one soon acquires this very necessary facility 
in reading when tho mind is brought to help the 
eye ; for chordal combinations and progn*ssionH 
as seen in hymn tunes are limited, after all, and 
familiarity comes witli continued r(*pctition. 
It IS a good plan for tin* student to take some* 
popular collection such as “ Hymns Ancient and 
Modern,” and work through it (‘ntircly as an 
exercise in reading. H(* need not wast^* time 
at the organ in doing this if he has" a keyboard 
instrument — harmonium, American organ, or 
piano — in his own rooms. 

Tliere is one important point to be observed. 
Hymn tunes are written for voices — treble, 
alto, tenor, and bass. In playing them (without 
pedals) the organist takes the treble and alto 
with the right hand, the tenor and bass with the 
left. But the eomposer docs not consider the 
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player’s convenience in the “ distribution ” 
of his parts, and hence it often happens that a 
note or notes belonging to the tenor liavc to be 
taken by the right hand, and a note or notes 
belonging to the alto by the left. Stainer 
illustrates this in the following simple way : 


Wiitteii 



Now find again it happens also that a chord 
as writen tor the voices cannot be played at all 
as it stands. Thus, as at (a) : 


(a) ( 6 ) 



In such a case the plan is to transpose the 
unreachable inner part note an octave higher, 
always provided it dot*s not, when so trans|K)sed, 
become higher than the treble. Thus the un- 
playable (tt) becomes the playable {h). 

Legato. As regards the system of tinger- 
releasing essential to the legato style, that will 
be found rather irksome at first when applied 
to the rend<*ring of four-part harmony. But 
the difficulty must be got over, and persistent 
practice is the only “royal road.” Let the 
student keep ever before him this one important 
rule, that while notes belonging to inner parts 
(tenor and alto) may be “jumped,” every note 
in an outer part (trt*ble and bass) must have a 
finger ready for it. Of course, when the pedals 
are used for playing the bass, the difficulties of 
finger-releasing are much minimised as regards 
the left hand, which then (ordinarily) hPvS only 
the tenor part to play ; but no student should 
be satisfied with himself unless he can play all 
four parts with the hands alone in the true legato 
stylt*, which is the characteristic beauty ^of the 
organ. Stainer gives just three exercises toward 
this end (Exercises 110, 113, 116), but they are 
sufficient to show the student what is required of 
him as a preliminary to any satisfactory render- 
ing of psalm and hymn tunes and chants. They 
should be practisea assiduously until they can be 
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played with as much ease as an automaton 
might play them. 

Hymn Tunes. But, of course, the 
organist does not always want to play liifci psalm 
or hymn tunes on the manuals alone. He wants 
to use the pedals, too ; for if he didn’t he might 
as well be playing a harmonium or an American 
organ. And this brings us to the various ways in 
which a hymn tune may be played on the 
organ, as illustrated by Stainer in Exercis<‘s 
111, 112, 114, and 115. We may call the playing 
of the tune on the manuals alone the first way 
The second way (Exercises 111 and 114) shows 
the treble and alto assigned, as usual, to the 
right hand, the tenor to the left, and the bass 
to the feet. In this manner, great care must 
be taken, as Stainer observes, to prevent the 
left hand from doubling the pedal part. It will 
usually want to do so, especially if tlu* student 
has been accustomed to play hymn tunes on 
a manual keyboard alone. In actual church 
work the bass is often taken by the pedal an 
octave lower than written, and in that case the 
\vU hand takes it as it is written, along with 
the tenor part. 

In the third manner (Exercises 112 and 115) we 
see the treble part played as a solo, with the 
alto and tenor assigned to the left hand and the 
bass to the pedals. This is the most difficult 
of all the tlir(‘e forms, the chief trouble being, 
alike as regards “ reading ” and execution, 
to g(‘t the alto and tenor together in one hand. 
As a matter of fact, the organist has here both 
to “ arrange ” his music and to play it. Very 
of Urn he will find that the left hand is unable 
to cover the interval between the alto and tenor 
parts, in which case the two notes “ must be 
inverted, or played in any position most con- 
venient.” This “ soloing ” out of a hymn tune, 
as it is called, not only gives a pleasing change 
from the more common methods, but it is us(‘fal, 
in the case of an unfamiliar tun(% in so far as it 
puts the melody prominently before the con- 
gregation. In all such cases, it neid hardly bi‘ 
said, a stop or stops must b(‘ us(*d which will 
make the melody “ stand out ” much more 
clearly than the accompanying parts. 

Stop Combinations for Hymns. 
Thus, you might “ givi*. out” a tune on tin* 
Swell “ Oboe,” accompanied by the Great or 
Ohoir “Dulciana” or “Stopped Diapason”; 
or you might use the Great “ Open Diapason,” 
accompanied by the* Swell “ Oboe ” and one 
of the Diapasons. There are, in fact, endless 
ways of “ giving out ” a tune as regards stop 
combinations. These are for the player himself 
to discover. M(‘anwhile, as a student, he will 
tind that it is tpiite enough to get the notes right 
in the particular ways indifat(d by his tutor. 
He will, of course, work through all the Stainer 
Exercises (110 to 116) meant to give him 
command over the various styles of chorale and 
hymn-tune playing. When he has finished 
these (which are specially arranged for him), 
he should attack his ordinary hymnal again, 
and, selecting, say, a dozen well-known tunes 
from it, proceed to play them in the various 
ways which he has just been studying. This w 
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th& more advisable, as when actual church work 
comes to be done, it will be from the hymnal 
arranged for the voices, and not, as in the 
case of the tunes in Stainer, for the organ. 

It is at this stage that Rinck’s “ Practical 
School for the Organ,” which has been already 
referred to, might be taken up with advantage. 
Many organ teachers begin with Rinck, but 
Rinck absumes, much more than Stainer, that 
the student can already play on a keyboard instru- 
ment. The first section of his “ School ” includes, 
indeed, thirty-six “ short and easy ” exercises 
in two, three and four parts for the manuals, 
but these art‘ not fingered and there is nothing 
to indicate the necessary legato style. The 
pedal exercises, again, are hardly such as a 
beginner can bi‘nefit by. Riit, having mastered 
his Stainer so far, the student w'ould find it of 
real value to himself to work througii the 
“ Tliirty Preludes in all tlu* Major and Minor 
Keys” of Rinek’s opening section. It is a 
pity, perhaps, that the* pedal ))art is left without 
any indication of toeing and heeling. But th(‘ 
student, from what he has .already learnt, can 
r(*adily add these marks for himselt, and thinking 
them out will do him a world of good. How to 
))<‘dal this (from No. 37), for example', will lead 
to some interesting little experiments: 



It can be done quite neatly in two or three 
different ways, and tlie (|uebtion for the student 
will bo which way he is to adopt. Hence, 
perhaps, it was bett<‘r that Rinck did not mark 
his pedalling. Students who take up Rinck at 
the beginning generally have his exercises marked 
for them by a professor. Assuming Stainer 
beforehand, the student can easily “ mark ” 
for himself. At any rate, he should get through 
these thirty preludes. They are invaluable in 
many ways, and not least for their covering of 
all the less familiar keys. Students are apt 
to stop short at four flats and four sharjjs, but 
an organ-player should obtain such facility 
in all the possible keys as will enable him 
to overcome every difficulty, however pre- 
sented. 

After these Rinck preludes have been mastered 
a rt'turn might be made to Stainer, taking up tin* 
five short ])ieces (Nos. 120 to 124) intended to 
represent different styh's of organ music and 
to giv(i the pupil a w'ider sphere of prjwtice 
beiore attacking the cla^'sical works of the 
great masters who have -wTitten specially for 
the instrument. But thc^e should be studu'd 
concurrently with the third and fourth parts 
of Rinck, which embrace a series of thirty 
postludes, or concluding voluntaries, m tin* 
fugue style, all admirably calculated to add 
to the young organist’s facility in the use of 
the manual and pedal keyboards. Rinck, in- 
deed, though some regard his style as old- 
fashioned, ought to be the young student’s 
daily bread, so to speak. Stainer’s work is a 
primer, and cannot be expected to exhaust 
the subject. 


A Reliable ** School.*’ As a royal 
road to thorough and “ legitimate ” organ- 
playing in all styles, there is no other “ school ” 
w'hich will Ixnxr comparison with Rinck. A 
beginner who has been founded on Stainer 
can follow no betU*r course than go through 
him slowly, allowing, say, thn*e months for eiwh 
book. “"Rinck’s nanu',” wrote the late Sir 
Herbert Oakeley, Professor of Music in Edin- 
burgh University, “will alw'ays live as that of 
a safe guide towards the formation of a sound 
and practical organ-player ; his works eomprist^ 
many artistic studies.’^ Again, the illustrious 
French critic, F. J. Fetis, wrote ; “ In the com- 
position of music for the organ the talent of 
Rinck w'as of a character peculiar to himself. 
His elegant and simple style was generally 
noble and dignifi('d. His harmony has much 
about it that is uncommon and unexpeck'd ; 
his melody is sweet and touching. He did not 
try to writt' difficulties : his evident object was 
to work for provincial organists, to form their 
tastes, and to perfect their studies.” This is 
no exaggeration, and the words are quoted by 
way of stimulus to the studemt who is seeking 
to acquin^ a real command of the instrument 
upon which Rinck hirnst'lf was so distinguished 
an executant. 

It is possible, of (‘ourse, that some students 
who hav(‘ gone through their Stainer will not. 
cart* for the rather more stwere, ecclesiastical 
style of Rinck. In that cose they might con- 
tiniu* their studies by m(*ans of Archer’s “ Organ 
Book” (Novello), one of the best and most corn- 
preh(*nsive manuals of its kind. It continues 
exhaustively and thoroughly the admirable 
work which has be(*n outlined in the Primer, 
so that a student who plods sk*adily through 
it fet'ls, after ht* has done, that very little more 
can be pointed out to him in the way of instruc- 
tion. Much of the work must, of necessity, be 
dry and technical, and as such, may not interest 
the student. There are, however, many pieces, 
both short and long, in the work of considerable 
Tuiisical interest, though genc^rally somc'what 
difficult. There are also Best’s two volunu's, 
first-rate both in d(*sign and execution ; the 
one for manual work, the otluT containing an 
exhaustive S(*t of f)edHl (*x(‘reises and studies. 
On the uholt*, it will be best for the stud(*nt who 
desires to suppl(*ment his Stain(ir to ask at a 
music-selk*r’s for a sight of the works just named, 
and choose that which makes tin* strongest 
appeal to him. Students an* of such diffen'iit 
capacitk's and of such difTerent task's that it 
would be loolibh to lay down any hard and fast 
rule in a matter of this kind. 

Organ Compositions. But what about 
“ pieces ” ? it may be asked. For even the most 
serious stud(*nt desires occasional r<*lief from 
exercises and studies, so-called. Well, notwith- 
standing all that has been written for the instru- 
ment, there is nothing lK*tt<*r tor accompanying 
the purely k'chnical side of the young organist’s 
training than a course of Henry Smart. Smart's 
organ comjKisitions are published by Messrs. 
Novello, in twenty-two numbers. They embrace 
several styles, and run from easy to very difficult 
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masic. The easy pieces can be attacked as soon 
as the player is familiar with the pedal-board, the 
fingering of the instrument, and the manage- 
ment of the stops. The same composer's 
** Organ Student" (Boosev) might also have 
attention. Smart’s “ easy pieces, an authority 
has rightly said, are specially fitted as studies for 
students wanting to acquire the true “organ 
touch " on pedals and manuals. Indeed, a 
learner who knows his rudiments may find in this 
master’s organ music a progressive school of the 
very best kind, provided only some judicious 
friend points out in what order the various pieces 
should be taken. A beginning should be made 
with No. 19 of the Novello set, after which might 
come Nos. 11 and 13 ; No. 18 is an easy march 
in G. 

The Great Compoaere fbr the Organ. 

Along with these may bo named the “ Twenty- 
four Sketches ’’ of Dr. E. T. Chipp ; Hesse’s 
“ Organ Book,’’ edited by Gladstone ; the “ Thirty- 
six Short and Easy Voluntaries," by Dr. C. J. 
Frost ; and the several books of organ pieces by 
Dr. George Calkin. The latter are very melo- 
dious, and many of them are comparatively easy. 
And then, of course, there is Sebastian Bach. 
Bach is the king of all writers for the organ. For 
acquiring technique there is nothing like his 
preludes and fugues. The “ Eight Short Preludes 
and Fugues " form a kind of school in themselves, 
though the student had better delay attacking 
them until they are fairly within the measure of 
his capacity. They can be suitably followed by 
some of the largo fuguf3S, such as the short E 
minor and the one in Et?, known as the “St. 
Ann.’’ As there are many editions of Bach, it is 
advisable to say that the best is that edited by 
the late W. T. Best (Augener). Very good, also, 
though loss easy to read, because more crowded 
on the plates, is the edition of Sir J. F. Bridge 
and Mr. James Higgs (Novello). Both editions 
are fingered and marked for pedal where necessary. 

After Bach, among the great composers for the 
organ, comes Mendelssohn, whose little collection 
of preludes and organ sonatas ought to be on 
every advanced student’s desk. The short 
movements of the organ sonatas should be taken 
first, and followed by the Prelude and Fugue in G. 
The easiest of the sonatas is the one in C minor, 
which makes a capital study “ piece.’’ Among 
w'hat may be called the minor classics may be 
recommended the works of Merkel, Guilmant, 
Wely, Salome, Batiste, and Dubois. Of course, 
these are merely suggestions for helping the 
student on his way. A list of “ suitable ’* organ 
pieces could be made to fill many pages of this 
work ; and, after all, the advanced student is best 
allowed to consult his own preference, which he 
can readily do by seeing the music before buying it. 

Church Appointments. Ninety - nine 
out of every hundred students of the organ want 
to secure a church appointment. This is only 
natural, for where but in church can the 
organist make practical application of the art 
he has attainea ? There are the big concert 
halls, of course, but these are among the prizes 
of the profession, not yet to be thought of by the 
young player. One great advantage of a church 


appointment is that the organist secures, as a 
rule, the full command of an instrument for 
practice. Indeed, in the vast majority of cases 
outside the very large towns, this is almost the 
only way in which a player can get unlimited 

ractice. Even in the large towns it is costly to 

ire the use of an instrument, and the enthusiast 
who desires to “ get on ’’ will often find it to his 
advantage to accept a post, when he is competent 
for it, at a merely nominal salaiy — ^nay, at no 
salary at all — solely for the practice it will bring 
him. 

Generally speaking, the Dissenting churches 
offer the easier posts for the young organist, the 
musical services there being so much simpler 
than in the Church of England. In the village 
churches the technical requirements are probably 
about equal, but young players not accustomed 
to it are apt to find the chanting of the prose 
psalms and the canticles a difficulty. Still, a 
Churchman will not readily give up his own 
“ Communion,’’ and after all, granted an ade- 
quate competence to begin with, there is much 
more to advance the player in the Church of 
England than in the Nonconformist services. 

Choir Training. A post in either case 
is alike in one important particular — namely, 
that it demands some little ability and ej^eri- 
ence in choir training. This is a matter which is 
too often, and very absurdly, taken for granted. 
It no more follows, of course, that because a man 
can play the organ he can drill a choir, than it 
follows that a man who makes billiard balls can 
play billiards. Every student of the organ who 
looks forward to a church appointment should 
make a special point of acquiring a practical 
knowledge of choir training. It is not a thing 
that can be gained by reading. The best plan 
— assuming the student to have a serviceable 
voice — is to become a member of some church 
choir directed by an organist who excels in this 
branch of his art, and watch carefully his 
methods. The subject of voice production 
should also be studied, and special attention 
given to the important side subjects of articu- 
lation and expression. A choir must bo drilled ; 
and the unfortunate thing for the young and 
inexperienced organist is that the more modest 
his appointment, the more necessary, as a rule, 
does this drilling become [see Choirs]. Helpful 
works on “ Church Choir Training ’’ and on “ The 
Art of Training Choirboys ’’ are published in 
Novcllo’s Music Primers series. The student will 
find it of service to consult also “Common 
Praise," by F. G. Edwards ; “ Organs, Organists, 
and Choirs," by E. Minshall ; and “ Studies in 
Worship Music," by J. Spencer Curwen. 

A word or two as to the financial side of church 
appointments. The organist is, as a rule, still 
miserably paid in England! Especially is this 
the case in the Church of England, where salaries 
of £40 a year are common, and salaries of £80 
quite imcommon. Often, the sum offered does 
not exceed £20. In the Scottish Presbyterian 
churches the salaries are somewhat more in 
accord with tho duties and abilities demanded. 
Good churches pay from £60 to £80, and salaries 
running into the three figures are not unknown. 
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As regards appointments abroad, not much nt'.'d 
be said here, because such appointments are 
generally applied for and obtained by men of 
experience. South Africa does not offer a very 
tempting held, unless it be in places of good size, 
where the English congregate — places Tike ('ape 
Town, Pretoria, Johannesburg, and Port Eliza- 
beth. The States would seem a better field, for 
there organists command much higher salaries 
than the average run in England, though this is 
largely counterbalanced hy the greater expense 
of living. But the professional can usually take 
care of himself in these matters. We write chiefiy 
for the amateur, and the amateur organist will 
piobably look rather to the opportunities of his 
appointment than to its finances. 

Service Accompaniment. In the 
accompaniment of the services, whether simple 
or ornate, the organist will find plenty of scope 
for the exercise of his teclmique and tlu* exhibi- 
tion of his musical taste. It is hardly possible 
to teach an organ student to b<' a really efficient 
accompanist unless he is endowed with certain 
gifts in that direction. Much help may be* obtained 
from the works of Messrs. Edwards and Minshall, 
prt'viously mentiom^d, and th(‘re is also the 
primer on “ Organ Accompaniment,” by Sir 
J. F. Bridge, the organist of WestminstiT Abbey. 
In every dt*tail, let the organist remember that 
the function of his instrument is to accompany, 
and not to lead, the singing. A player who 
continually uses the full power of the organ, 
drowning the voices in a tempest of noise, mia- 
takes entirely the nature of lus duties, besides 
showing a lamentable lack of artistic sense. 

Voluntaries. The question of volun- 
taries is important, not so much from a technical 
jioint of view as because of the influenct* which 
the voluntary may have in helping or hindering 
the devotional feelings of the congregation. 
Broadly speaking, the opening voluntary should 
Ik* of such a character as will put the people “ in 
tune,” as it were, for the service which is to 
follow. In other words, it ought to be (|uict and 
restrained, without any undue obtnisivcness of 
technique, without suggestions of secularity. 
Th(‘ closing voluntary, on the other hand, may 
draw upon all the resources of the instrument 
and all the resources of the player's technique, 
provided always that it is not in flagrant lon- 
tradiction to any special character that may have 
manifested itself in the preceding service Thus, 
it would be outrageous to follow an appealing 
discourse on the sufferings and death of our Lord 
with some piece of “ fireworks ” drawn from the 
flimsy French school. Young players seldom 
“think on these things; ” but they may be 
assured that these things are of essential import- 
ance. 

In a large majority of cases it will be safe 
for the organist to fix uj)on his closing voluntary 
beforehand. But he ought always to have some 
pieces of a varied character on the desk for 
anything special and unexpected that may 
have come from the pulpit during the service. 
As Pope said long ago, some to church repair, 
“ not for the doctrine but the music there,” 
and “ a song may find him who a sermon flies.” 


Tlierefore, give special attention to the question 
of voluntaries. 

Poatludia, The young organist who has 
gone so far with us will have little difficulty in 
selecting a list of suitable voluntaries. The name 
of such pieces is literally legion. Omming volun- 
taries are especially plentiful, ana not even a 
tentative list of these need bo attempted here. 
The player should look up tin* list of 84 pieces 
print-ed by Edwards on pages 189-190 of his 
“ CJommon Praise.” Concluding voluntaries art* 
in slightly different case. Young organists 
often complain that they have trouble in obtain- 
ing short , bright postludt*s. They find the better- 
known postJudes too long, the ehurcli being 
empty before these art* half played. The 
following — among many others — should mt'ct 
requirements in this direction : Postiude, A. 
Boyse ; Scherzo, A. Boyst' ; Minuet and Trio, 
Baptiste Calkin ; Festal March, Dr. Bunnett ; 
Minuetto, G. Calkin ; Postiude, G. ('alkiii ; 
Marches Nos. 1, 2, 4, 5, 8, 17, 18, 20, 21, 22, 
Dr. C. J. Frost ; March in (', Lefebvre Wely ; 
Ki'ligious March in E!?, Macfarrcn ; Six Marches, 
Gustav Merkel ; Postiude in C, H. J. Stark ; 
Thirty-six Brilliant Posiludes, Dr. Volckrnar, 
in three books ; Seven Festival Postludes, Dr. 
Volckrnar. 

To these might be added : Postiude in 1), 
Merkel ; Postiude in D, Berthold Tours ; 
Postiude in A, If. J. Stark ; Twelve Postludes, 
Dr. (J. Vincent ; Postludes in (y minor. Pro- 
fessor Prout ; Introduction and Fugue, E. 8ila.s ; 
March in Bb, E. Silas ; Offertoire in G minor, 
Wely; Homage a Mozart, Baptiste Calkin; 
Postlud(» in C, Henry Smart. For thosc^ who 
like marches there is the classical “ March 
Album,” publisluKl by Augener. Much of 
Hinck’s “ Organ School ” is eminently suitable 
in this connection, and, of course, Bach must 
not be forg.ytten. Players of mod(‘st abilities, 
who want a single colh*ction from which to draw, 
can hardly do better than with “ The Villager 
Organist ” (Novello), of which a Jong and in- 
teresting series has now been jiublislied. 

Extemporisation. Tlu* art of extem- 
porisation, of “ cr(*ating and jierforining music 
at one and the same time,” is l(*ss practised now 
than it used to be. It is, however, of great 
value to the church organist, who has lr(‘quently 
to “create ’ little bits of music to fill up gaps 
in the service, to ext(*nd his voluntari(*s or 
“round them off” in the middle, to improvise 
introductions to anthems, and so on. It is 
often contended that r‘xtemporisation is a gift ; 
but this is only partly true. Fancy, or the 
power of imagination, as one has said, is un- 
doubtedly a gift, and to tins pow<*r the player 
must turn tor the invpntum of his original 
tlu*mes and of the phrases and figures that he 
utII need in tlu* dev(*loprn<‘nt of his movements. 
But then, beyond tlu* power of imagination, 
there is the great power of developm<‘nt on 
which the player must depend to work out 
from this created theme the completely balanced 
movement. And that is an art which may 
certainly be attained by properly directed 
study. 
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We cannot pretend to ** teach ” extemporisa- 
tion here— no writer can pretend to teach it 
anywhere. At most we can only offer a helpful 
hint. He who would study the subject prac- 
tically and in all its details can have no safer 
guide than Dr. Sawyer’s Extemporisation 
in Novello’s Primers. The subject is there 
dealt with in two sections — firstly, the extem- 
porisation of the theme ; and, secondly, the de- 
velopment of the moi^ement from such theme. 
Prom Dr. Sawyer the player will learn how 
to oxtomporise short preludes and long preludes ; 
how to ‘‘ vary ” a given theme ; how to ex- 
temporise marches, and postludes, and even 
fugues, the most difficult of all forms to “ create” 
on the spur of the moment. It need be hardly 
added that extemporisation implies a thorough 
knowledge of harmony and musical “ form.” 
Many young organists who attempt it are 
without this knowledge, and so ramble on in 
an incoherent way, without aim or design of 
any kind, to the pain and disgust of many who 
are compelled to listen to them. No effort of this 
nature can be called extemporisation, since it is 
not music, which alone ” attains its power and 
effect over mankind by the directness and force it 
contains in the perfection of its rhythm, the 
even balance of its parts, and the complete con- 
nection of its varied sections.” Every organist 
ought to practise extemporisation in private for 
a long time before attempting it in public. 

Organ Recitals. Tlie player who has 
been fortunate enough to secure an appointment 
with the command of a fairly good organ will 
naturally want to give an occasional recital. 
Here he has something definite to “ work up to,” 
and the knowledge that he is to play a selection 
of pieces to an audience specially assembled to 
hear him will stimulate to a greater degrc»e of 
finish than is generally held to be demanded 
by the ordinary Sunday voluntary. The art of 
making up a recital programme is not to be 
taught on paper. The great aim should be to 
secure as much variety as possible in the 
character of the pieces chosen. There ought 
to be a due admixture of loud pieces and soft 
pieces ; the more severe style (say, of Bach) 
should be contrasted with some lighter style ; 
a good march might be thrown in, and perhaps 
a piece which affords the player peculiar scope 
for proving his command of the technique of 
his instrument. The solo stops will not be 
neglected. Thus, if the player’s instrument 
boasts a fine ” clarinet ” or a fine “ oboe,” he 
will see to the inclusion of some piece or pieces 
calculated to show it off, as the saying is. 

The recitalist should try to have a fugue by 
Bach as representing the most solid of all styles of 
organ music. A Mendelssohn sonata is also con- 
sidered the right thing by many organists. Some 
like a Handel concerto, too — the Fifth and Sixth 
are the easiest, if the player wants to know. 
Of the more modern German school, Rheinberger 


and Merkel are specially commended, though 
Rheinberger is somewhat heavy for the average 
recital audience. Of the English school. Smart, 
Lemare, and Hollins, among others, should 
have attention. The French school may be 
drawn upon for the light style, though much 
of the work of Guilmant, Salome, Widor, Dubois, 
and others answers to something higher. Batiste 
and Wely are brilliant and showv, and have the 
advantage of being comparatively easy to play. 
Of “ arrangements,” so called, the number is 
endless. Some purists condemn these entirely, 
insisting that recital programmes should be 
made up exclusively of music specially com- 
posed for the organ. But the average audience 
has to be consid^Ted, and an effective rendering 
of, say, “ The Better Land ” or the Mascagni 
“ InUirmezzo ” will often give pleasure where a 
** legitimate ” organ solo would fall flat. 

Recital Selectiona. But the young 
player who has be^n so far guided entirely by 
these lessons may rightly ask us to expressly 
name a list of recital pieces. Bach and Men- 
delssohn being assumed, take, then, the follow- 
ing : “ Occasional ” Overture (Handel) ; Bar- 
carolle (Stcmdale Bennett) ; Priore ct Berceuse, 
Cantilene Pastorale, and Grand Choeur in D 
(Guilmant) ; Fantasia in C (Berthold Tours) ; 
Postlude in E (Wely) ; Cantilene in* A minor. 
Pastorale in G. and Offertoire in Db (Salome); 
Andante Grazioso in G, Quasi Pastorale in G, 
Tenor Song in BI7, and Grand Festive March in 
D (Smart) ; Andante and Allegro in D (F. E. 
Boche); Offertoire in D minor and “The Pil- 
grim’s Song of Hope ” — Andante in G — (Batiste) ; 
March for a Church Festival (W. T. Best) ; 
Fanfare in D, and Triumphal March (Lemmens) ; 
Toccata in G (Dubois); Grand Choeur in A 
(Salome) ; Evening Bells (Chau vet) ; Pastorale in 
E (Lemare) ; Communion in F (Grison) ; Over- 
ture in E (Morandi). Tliis, it must be insisted 
again, is the merest apology of a list. The 
young organist should see as many recital 
programmes as he can, in search of further 
hints. A selection is published every month 
in “ Musical Opinion,” and every large town 
has its experienced recitalists whose pro- 
grammes should never be missed. At the same 
time it is, of course, advisable that the recitalist 
should not he always plaring the things that 
other organists are playing. The choice of 
pieces is extensive enough to enable every player 
to 1)0 original, if he 'wdll. 

Some Practical Hints. We close with 
the practical hint that the organist should 
acquaint himself thoroughly with the mechanism 
of his instrument, and learn how tp tune it and 
to “ regulate ” the defects which are almost 
inevitable in so complicated a machine. These 
acquirements are specially necessary in small 
towns and country districts where a professional 
organ tuner cannot readily be obtained. The 
more he reads about his instrument and its 
repertoire, the more intelligently he will play. 


Organ concluded 
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SCIENCE OR MUDDLE IN SOCIETY ? 

Group 3 

SOCIOLOGY 

The New Science of Life. The History of the Race is a History of Mis- 
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takes. Society will now Develop Scientifically instead of Muddling Through 
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By Dr. C. W. SALEEBY 


turn now, with daring but not without 
hope, to tliat great study which is the crown 
and end and aim and synthesis of all the lower 
sciences. From a narrower point of view such a 
description might be applied to the science of 
medicine in its widest sc^nse, and there is this 
much of instruction to be gained from the com- 
parison betwt'cn medicine and sociology — the 
common explanation of tht‘ir difficulty. In study- 
ing one of tlie basal sciences, we have no very 
numerous assumptions. We build our own founda- 
tions, and are not at tlie mercy of criticism from 
without. On the other hand, there are more 
complex sciences which depend entirely for their 
foundations upon the foundational or funda- 
mental sciences. Th<*re was no possibility of a 
rational medicine when clu'mistry, physiology, 
and anatomy had no existence ; yet medical 
knowledge was needed, and men had to do their 
best to acquire it, (*ven though the conditions 
which mad(‘ such acquirement possible were 
unfulfilled. 

The New Science of Society. Simi- 
larly, the sci(*n(*e of smuety hiis always b(*en 
needed by men. Men, as we shall se(‘, is a social 
animal, and liis ha])piness is gravely aff(M5t-<*d by 
the manner of society in which ho lives. Thus, 
as death and disease have always neees8itat(»d 
medicine of sorts, even when the foundations 
of a rational medicine were non-existent, th(‘ 
needs of liuman life have always ncc«*ssitatt*d 
some kind of sociological practice, even when the 
foundations for a rational sociology were non- 
existent, and not even conceived of. Thus, the 
initial fact, which must surely interest us, is the 
extreme newn(‘ss and the very air of novelty 
which distinguish this science, though the need 
for it is as old as th<* human race. Let us first 
make an inquiry into the history of the word, 
and then l(*t us consider th<* foundations and 
assumptions of the sciemic. 

Sociology is a hybrid term, the first part of it 
derived from the Latin and the s(*cond from the 
Greek. It means simply the sriew’v of society. 
Bt*cause it is a hybi'id, objection has frequently 
been taken to it ; but the word is convenient end 
intelligible, and has thus comi* into general usagi*. 
It was invented by Auguste (.'omte, and h<‘ had a 
deliberate intention in compounding it from the 
languages of Greece and Rome. He tells u^ that 
his object was to express the double origin of 
modem societies, which are, in effect, based upon 
the practice of the two last and greatest societies 
of antiquity. The term was accepted in England 
by John Stuart Mill, who was in some measure a 
disciple of Comte, and who employs the word in 
his great “ System of Logic ” (1843). Subse- 
quently, the term was accepted and popularised 


by Herbert Spencer, whose work has made it 
known wherever men think. 

Auguste Comte. To the main facts of 
Herbert Spi‘noer’H life we shall diw’ote ourselves 
in due course. Here our conct'rn is with the idea 
of sociology as a science ; and this is therefore 
the place in which to make somi^ rehTcnco to the 
philosopher whose nanu‘ ranks first in this respect, 
(’omte was born in 1798, and (*arly became 
distinguished for his devotion to learning. Wlien 
ho was still a boy he came under the influence 
of an extremely remarkable man, Saint-Simon, 
who was his s(*nior by forty yt'urs, and whose 
relation to (\)mt(‘ cannot better be described 
than in th(‘ words of Mr. ,)ohn Morley, who is a 
follower of neither : “ Tlie most cursory glance 
into Saint-Simon’s wTitings is enough to reveal 
the thread of connection between the ing(*ni()us 
visionary and the systt'matic thinker. We see 
the debt, and we also see that, when it is stated 
at th<‘ highest possible, nothing has really been 
taken from (Ymite’s claims as a powerful original 
thinker, or from his immeasurable pre-eminenc(‘ 
over Saint-Simon in intr*ll(‘ctual gras]) and vigour.” 

Saint-Simon had the fundamental idea of ap- 
plying to social probk'ins the methods of science ; 
but he had not what Gomt<‘ had in abundanci^ — 
a remarkably complete and thorough scientific 
training. 'Jiiis it was wdiich gave C’omtt* th(‘ 
power to carry out tlu* ap])lication of what we 
may call the scientiii ' idea of sociology. 

A Philosopher's Religion. We cannot 
leave this remarkable man, however, without 
commenting upon th(^ second stage in his 
history, which dates from the year 1844, when 
h<* mad(‘ the acquaint anee of a remarkable 
woman, wdio had an amazing effect upon his 
emotional and moral natun*. Says Prof(‘8Hor 
Reesly : “ Hitherto, though the ultimate* object of 
his speculations had he<*n to place morality on a 
firm basis of science, ami though, in labouring 
for that end, he had b(*en animated by a noble, 
social spirit, he had not j>rofess(*d to be a religious 
t<*a(5her, or to sc*t, in his own })(*rson, any sp(*(!ial 
example of a good life. He was simply a fihiloso- 
phei, working out a system which he* belie* vexl 
wemld be of great bene*! it to the human race, 
but what he* had be*fe)re* re‘eognihe*d as a philoso- 
phical tnith — tliat love* sheiiild be* the* moving 
»rin<‘iple of emr live‘s — was neiw brought hornet tei 
us heart. And this was fruitful of geiod.” 

It was in the* se*ee>nel jieriod of his life*, thus 
modified, that he se*t forth his jiroposals for the 
new religion which he calU*d I'ositivism, and 
which, themgh it shows ve‘iy small signs of con- 
verting the world to its views, is yet extremely 
interesting, and is unique^ as being an artitie'ial 
religion constructed, in principles and in details, 
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by a professed philosopher, who was at the same 
time an adherent of what we may call the 
scientific school. Comte died in the year 1857, 
which, by an interesting coincidence, was the 
very year that saw the introduction by Herbert 
Spencer of the word evolution. 

^ What MaKaa a Science ? Comte made 
no contributions to the natural sciences. His 
attempt to make a new religion has been a most 
conspicuous and significant failure. His name 
will be permanent, however, in the hist/ory of 
thought because of his establishment of the first 
principle of sociology, which is that societies and 
their ways, their origins, characters, and func- 
tions are a fit subject for scientific study. Comte’s 
great accomplishment, then, is the application of 
the scientific idea to the most important realm 
in which science can conceivably nold its sway. 
This is not only the first principle of sooiolo^, 
but is also the most cardinal truth which it 
reveals to us ; and we must consider it carefully. 

At this comparatively late stage in our studies 
wc can have little hesitation in answering the ques- 
tion, What constitutes science ? When we assert 
that there is, or may be, a science of anything, 
w(i mean much more than that the facts of the 
subject in question may be arranged in columns 
or catalogues. Wo mean not only that there are 
facts which may be arranged and classified, but 
that there is a relation between them ; we mean, 
to take an astronomical instance, not only that 
the movements of the planets may be stated, 
but also that they may be explained by means 
of a law which expresses their common cause ; 
or, again, to take a sociological instance, we mean 
not merely tliat historians may describe the 
conditions of various societies in respect of the 
status of women, and in respect of their relations 
to war, but also — which is immeasurably more 
important — that we may establish a relation 
between the two sets of facts, resulting in the 
generalisation, so much insisted upon by Herbert . 
Spencer, that militarism and a low status of 
women are associated phenomena.” 

Natural Law in Society. In other 
words, to assert that there may l^ a sociology 
is to assert that cause and eilect are as 
immutably related to one another in the 
realm of human life as in the realm of 
mechanics. It is to assert that causation is 
universal — which, as we have seen, is in a 
sense the first, the last, and the only asser- 
tion of science. Now, to anyone who has had 
a scientific training the doctrine that causa- 
tion and the sequence of phenomena are as 
true of human life as of mechanics is a platitude 
scarcely worth saying. The idea of the univers- 
ality of causation has become a necessary con- 
dition of all the thinking of such a person. To 
labour to demonstrate to him that, oven though 
we do not know them, there must he la)V8 of his- 
tory and social laws in general, as true and com- 
prehensive and as necessary as the law of gravi- 
tation, is to waste one’s time. It is as if a player 
of lawn tennis were to spend an afternoon in 
demonstrating to a cricketer that the amount of 
moisture in the ground, the presence of wind, 
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and the spin on the ball were factors that had 
to be taken into account when playing the game. 
The cricketer might never have heard of lawn 
tennis, but he would kiot require to have these 
things demonstrated to him. He has always 
known them illustrated in his own game, and he 
will take them for granted in any other. 

The MietaKea of the Human Race. 

Similarly, the student of physics does not require 
to be told that social phenomena are caused, and 
that a given sum of causes will invariably pro- 
duce a given sum of effects. He who is already 
familiar with the composition of forces in 
dynamics is prepared to study the composition 
of forces in social dynamics. The first assumption 
of soci(^ogy — ^namely, that there is or may be a 
science of society, is in no more need of proof 
for such a student than the first assumption of 
meteorology, that, appearances notwithstanding, 
there is or may be a science of the weather. 

On the other hand, many persons approach the 
study of sociology who have by no means had 
the intellectual preparation of, for instance, the 
young physicist, fii consequence of this simple 
truth society has again and again been com- 
mitted, and will again and again be committed, 
to the most gigantic and disastrous errors. 
All over the world the greater part of legislation 
consists of the abrogation of previous legisla- 
tion. Human history is a history of error. Its 
successes have been gained, it will appear, by 
the method which the logicians call the 
method of trial and error. There having been 
no scientific sociology, and politicians having 
l)een the same quaint and shortsighted creatures 
in the past as in the present, menSiave tried 
every kind of wrong path until at last, no choice 
whatever being left them, they have entered 
the right one. Even ihen they have only too 
frequently left it ; but, on the whole, truth has a 
way of prevailing, because truth has the superior 
survival value., or value for life, and so progress, 
though slow, is yet acjhieved. 

*• Experience by Experiment.’’ Now, 
the method of trial and error is satisfactory enough 
in some cases — as, for instance, ^hen you are 
faced with a lock and have three keys in your 
hand. Even in such a case you waste a little time, 
but that is all. In no conceivable case con waste 
of time be dissociated from this method, as con- 
trasted with the scientific method. Contrast, for 
instance, the behaviour of a baby, who does 
everything by this method, with the behaviour 
of even the stupidest grown man, who will not 
put a key into a look twenty times too big for 
it, and who, so far at any rate, is scientific. 
But, as a rule, the method of trial and error is far 
more disastrous than in this case. Take, for 
instance, the doctor of old time who had to treat 
a disease which he did not understand with one 
or other of three drugs which, he understood 
scarcely better ; as Voltaire said, Pouring drugs 
of which he knew little into a body of which he 
knew less.” Here the method of trial and error 
may well result in the death of the patient, even 
assuming that one of the drugs be as certain a 
cure as quinine for malaria. 



Marriage and Evolution. Now let us 

turn from mechanical and medical illustrations to 
a social one. The method of trial and error ha*^ 
been pursued, for instance, in the case of sexual 
relations. There were no scientilic principles on 
which primitive men could go, or, rather, such men 
were as ignorant of these principles as are the 
pestilent fools who, even to-day, raise their \^itty 
and worthless voices against the one sexual rela- 
tion which the mt^thod of trial and error has 
demonstrated to be sound. In the absence of 
science, then, this method was pursued by primi- 
tive men ; though, as we shall afterwards see, 
the superiority of monogami(* marriage is so 
tremendous that our records of other practices 
are relatively quite scanty — notwithstanding a 
popular delusion to the contrary. But observe* 
how imperf<*ct the method of trial and error 
has beem in this case. As in every case, it has 
wasted time — it has del \ycd progiess ; but, just 
as this method in the case of the ignorant doctor 
killed most of his patients, so in this case it has 
killed innumerable races and soci(‘ties. VVe* have 
t h(* records of peopk*s v, ho practised other methods 
ot sexual relation than that of marriage ; such 
people's are no more. Furthermore, history 
records not merely the fate of obscure tribes, but 
also th(* fate of great nations. Historians in the 
past may have had many virtues, literary and 
oth(*r, but they have scrupulously avoided being 
scientific. They have their own theories as to the 
fall of empires ; theories as to racial degem'ia- 
tion — whi(’h theorii's biology knows to lu* an uttei 
myth ; theories as to the corroding influence of 
peace — which, alas ! arc so plausible as to havi* 
deceived ev(*n the profound and majestic soul 
of Wordsworth — recall the phrase in a great 
sonnet, “ When men change swords for ledgers.’’ 

Why Rome Fell, But the sociologist — 
the only historian who has to be reckoned with 
henceforth — knows that it is the heart at which 
an empire rots. He knows that peace and pros- 
perity as such have never destroyed any race. 
He knows that the decline and fall of Rome, 
for instance — the same being doubtless true* in 
general — were due to the decline and fall of the 
family, due to error in this fundamental matter 
of sexual relation, which we must hereafter 
discuss at some length. 

The conclusion which we desire heie tu insist 
upon is, firstly, that the method of trial and 
error — which we may describe as, m general, 
th(‘ method of all societi(*s in the past and 
present — is unsatisfactory because the jirice of 
error is so terribly high. Much more than this, 
we would insist that the method of trial and 
error is a failure because even when success is 
attained by it, it embodies no sure means for 
ensuring the persistence of that success. Thi* 
method has taught many races — all the races 
that have played any real part in the woild — 
that monogamy is the best sexual relation. They 
have not been taught it consciously, however, 
or, indeed, taught it at all in any real sense. The 
method has merely worked. Yet, w hen adequate 
temptation arose, the method has been aban- 
doned — and the decline and fall have followt'd. 
How different would be the case of a society 
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which based its practice upon sound flooiologioal 
principles! Such a society would know, front 
its statesmen downwards — and such a society 
would, of course, be blt» 8 t with statesmen — that 
the decline of marriage and the family must 
necessarily be followed by a national decline. 
Such a society would not go into danger with its 
eyes shut, os all societies in the past have doni'. 

Sociology is a Living Thing. The 
truth which we desire to demonstrate might well 
occupy a volume. There will probably not be a 
paragraph in this all-important course of which 
the same might not be said. It is the truth that 
th(‘ recognition of a seionee of society is necessary 
for any society which, unlike all societies of the 
past, is to endure. Now, this is an all-important 
proposition, and it is very generally disbelieved. 
There is a common and powerful body of 
opinion which directly controverts this dootrint*. 
The critics havi* doubtless some excuse for 
their criticisms — otherwise less would be heard 
of them. They incline to the view that 
sociologists ans in general, a bald, bespec- 
tacled, withcred-up body of folk, old women of 
both sexes, who meet in small, stuffy rooms 
well segregated from the life of men, the full- 
blooded reality of which they carefully avoid 
studying, and who spi'nd their time in formulat- 
ing imaginary solutions for imaginary problems. 
The presumption, then, is that society will g(‘t 
along as well without the advice of those persons 
08 with it. Now it is true that there is a ten- 
dency for every science to become academic and 
cold-blooded — to manufacture a world of its 
own and to live in it. It is tnio, also, that 
sociologists, who profess to study human life, 
have k‘HB excuse than any other body of scientists 
whatever for such a foolish proceeding. But 
sociology, at the present day, is very rapidly 
freeing itself from the reproach for which 
perhaps A guste (kimte and Positivism are 
largely rc*sponsible. In this eourso we shall do 
our utmost to convince the reader that soei- 
ology is a living, warm-blooded thing, and is a 
fit and worthy object for the study of oven young 
and vigorous folk, who tak(» their full shan* 
in human life as we know it We shall Iry to 
demonstrate, indeed, that those, and not those 
others, are the viMy persons whom sociology 
needs and who n(*ed sociology. Thus, wo can 
hope to dispose of oik' of the criticisms which 
say, in effect, that sociology is superfluous. 

** Would Sociology have Saved 
Rome ? ” But the illustration of sex rela- 
tions which we liave adduced will serve 
to meet the further critiiMsm that sociology 
is superfluous on the ground that in ]>oint 
of fact s(x*i(*ties have got along without 
it. The doctrine for which wo h(*n* contend is 
that men have certainly “ muddled through ” 
without sociology just as th(*y have muddled 
through in the past without any science ; just 
as monkeys have muddled through, even though 
they are destitute of anything that wo can call 
intellect. But we submit that the method of 
muddling through, which is, of course, one 
and the same with the method of trial and error, 
cannot be regarded as ideal by any sane person, 
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and that, even though it has achieved^ by a 
purely unrefleotive and nnoonsoious process, the 
advance of mankind thua far, yet an intelligent 
method would have achieved infinitely more 
'progress in the same time, and would have 
averted a sum of human misery which it is 
indeed well that our imaginations do not permit 
us to realise. We have chosen a notable illus- 
tration, furthermore, which shows the difference 
in worth between a social practice arrived at 
empirically — that is to say, by the method 
of trial and error — and the same practice 
arrived at scientifically. The mechanical pro- 
cess of natural selection, or trial and error, 
instituted marriage in Rome ; nevertheless, 
Rome fell. How different would have been 
the result had the same institution been estab- 
lished, not merely by natural selection, but also 
by the conscious, scientific, and popular recogni- 
tion of the place of marriage as a necessary 
foundation — the necessary foundation— of ^ any 
stable society. 

Science versus Muddle. Wc shall have 
to write many pages concerning the all-important 
question of Natural Selection, which pervades the 
whole of sociology because it pervades the whole 
of life. We shall have to show that its sway is 
absolutely omnipresent and ceaseless. Neverthe- 
less, we can here and now justify what we have 
said as to the value of sociology, even on the 
principle of natural selection. It is true that 
natural selection, trial and error, “muddling 
through,” will achieve great things if you give 
them unlimited time and care nothing for the 
appalling cost. But after morality itself, incom- 
parably the most valuable thing which natural 
selection has selected and preserved is the intel- 
lect of man, which has been “ evolved by and 
for converse with phenomena.” This magnificent 
product of natural selection, enabling us to 
construct sociology, enabling us, for the matter 
of that, to make fires, build wheels and houses, 
sew clothes, prepare food, and so on and so on, 
is also one of the characters of living men over 
which its producer — ^natural selection— holds 
sway. Thus, of two rival societies, one of which 
swears by “ muddling through ” or by the purely 
mechanical method of natural selection in its 
social practices, while the other believes in 
science and in the value of principles, and recog- 
nises that the best result of the old method of 
“ muddlmg through,” or mechanical selection, 
i§ the emergence of the intellect, which is able 
utterly to transcend this method — ^which of these 
societies do you think that natural selection 
will select ? 

History a Colossal Series of Ex- 
periments. Indeed, we may say that the 
chief value of the age-long method of trial 
and error in social matters has been the pro- 
vision for the modern intellect of material from 
which it may infer the great sociological 
truths. From this point of view of a subject 
which may be looked at from an infinite number 
of points of view, we may — somewhat selfishly, 
perhsps — ^regard the whole past history of man 
as a colossal scries of vast experiments, conducted 


absolutely regardless of cost and without any 
limitation of time. 

If sociology be a scienoe, it must be subject to the 
methods of the other sciences. It must begin with 
facts— the facts of observation and experiment. 
Now, you may make at a cost of a few pence a 
physical or a chemical experiment which may 
be crucial and may alter the whole aspect of 
your science — for instance, Galileo’s experiment 
of dropping two balls of different weights from 
the leaning tower of Pisa. But the more com- 
plex your science the greater the cost of your 
experiment. 

The Great Need of Facts. At this 
moment medicine could make the most gigantic 
advances within a few days but for the cost of 
the experiments that would be necessary. One 
would need merely half a dozen criminals, and 
carte blanche, to settle once and for all, for in- 
stance, the true relations of tuberculosis in man 
and in the lower animals. But the cost is too 
high, for it involves the lives of men and a danger 
to morality. 

In sociology, which is immeasurably more com- 
plex than even medicine, the cost of the experi- 
ments is higher still. The question of the utility 
of marriage could be settled once and for all by, 
let us say, abolishing m^nriage in England for the 
next generation. But, obviously, the cost of such 
an experiment in the lives of men and women 
and children, the cost employed m the destruc- 
tion of the race, which, after all, is still in the 
van of progress, would be too high. And yet, 
since sociology is a science, it is in need of ex- 
periment. What wo should like to have is an 
adequate array of facts of observation and facts 
of experiment. From these, as in any other 
science, we should proceed by the process of 
induction to derive certain generalisations or 
principles or laws. 

A Wonderful Thought and a Tre- 
mendous Fact. Nowadays the engineer 
does not build a bridge that he thinks should 
be strong enough, and then run a train across 
it and make a note in his pocket-book that 
the bridge cracked or did not crack. The 
engineer is a trained physicist. He has prin- 
ciples on which to work, and he knows that, under 
given conditions, a bridge of a given structure 
will be necessary. If those conditions persist, 
the bridge which he builds does not crack. 
This is evidently a highly satisfactory result of 
science. If, then, we were able to derive socio- 
logical principles from sociological experiment, 
as the physicist derives physical principles from 
physical experiment, then the statesman and 
the social reformer would be able to build sound 
social structures at the minimum cost in time 
and life, just as the engineer is able to build 
sound bridges without first of all constructing a 
dozen bridges that crack and throw trainloads 
of men and women into the water. If only, 
then, we could make the necessaiy experiments 1 

BiU the tremendmis fact is that all the importarU 
experiments have alr^y been made. It is one 
of the greatest achievements of sociology to 
have made this discovery. ' 
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long-lmed boot» eactending. to the thigh, came 
toTbe^She ff^ionable footwear for outdooie. 
This was the jreal boot; the articles we now 
call boots would hardly have been dignified 
that ni^4 by ths ong^l. bootmakc^' 
sea-boot» Worn by 'old*£ashioDed fishermen 
are the sole surviving specimens jrf the great 
boots. Step lay step the boots were modified, 
and the jack &>otB, a refined model of which 
is worn by the Hou^old Cavalry of the British 
Army, came into vogue. About the middle of 
the eighteenth century the heavy heels and 
strong leather tops hampering the knees went 
out m fashion with English gentlemen, and the 
form now called top-boots, and worn by postilions, 
footmen, and liveried coachmen, was adopted. 
Gay boots they were, with yellow tops and lac- 
quered legs and fronts. 

Wellingtona. The great Duke of Welling- 
ton, with his stem practical sense, order^ 
his boots to be made short ip the leg and fit to 
be worn under his trousers. The great leader’s 
i^ at once caught on, and cveiybody ’ adopted 
the Wellington boot. Up till this time knee-’ 
breeches were the dress for men ; but trousers 
became the common vogue, and with that came 
a modification of boots. With trousers the long 
leg of the boot was unnecessary. Ladies con- 
tinued through all that long period wearing shoes, 
sometimes With high heels, sometimes with 
pointed toes, at one time plain and at another 
extravagantly omamentea, the uppers of a 
variety of different materials, but always with 
leather for the soles. 

DreM Boots. At home, in the dining-room 
or in the parlour, the gentlemen also wore fine 
shoes, of light leather* with buckles of fantastic 
shapes and styles. When the military and 
hunting professions of gentlemen ceased to be 
of so much importance, and peaceable pursuits 
brought wealth, the shoe took the place of the 
boot, and from about the middle of the eighteenth 
century on to the middle of the nineteenth the 
buckled shoe gradually drove the boot out of 
fashion. With the advent of the trousers, as we 
have hinted, the shoe gave place to the boot, 
and even on the shoe the buckle was superseded 
by the tie or lace latch. 

Working-men** Footwear. While these 
changes were going on in fashionable circles, 
the footwear of the working classes also was 
altering. Large sections of the poorer people 
never wore boots except on Sundays, and then 
it was a pair of large jacks or tops handed along 
from one member of the family to the other, or a 
single pair was got by a man when he was full- 
grown by scraping pence together, and mode to 
serve his lifetime. In some districts, clogs — shoes 
with thick wooden soles — were worn, and as 
money became more plentiful among artisans 
they sought to imitate their social superiors by 
patronising the shoemaker, who made them an 
ixiferior kind of buckled shoe. On the other 
hand, in some districts the fashion of wearing 
boots of a good quality never went out, because 
the shoenu^er rose or fell in status with his 
fellows of the town or village. 

3874 


^haAgesin^FMliioft. ]>umg the latter 
of' the ninelimth oekitory soocesaive ^mves 
of change swept over the boot trade, effecting a 
oon^)6te<'revolati(^, which, because nadnal, 
was sparoely^ noted outside the trade itairil The 
Wellmgt^, the Blucher, and other forms of 
long-legged* boot went out of fa^ion, and for a 
time the shoe, the lacing boot, and the elastic- 
sided boot struggled for &e market. The elastic- 
sided boot was a solid upp^ coming well above 
the ankle, sections of elastic cloth l^ing let into 
the side to give the boot grip on the foot. By the 
year 1880 the battle hm been decided wnoUy 
m favour of the lacing boot — that is, a boot with 
open front, closed over the foot by drawing a 
lace of iM^er or silk or cotton through ringed 
holes along the edge of the two sides of the 
opening, the top coming over the ankle. 

Enlargement of the Boot Market. 

Contributory to the success of the lacing boot 
was the advent of boot-making machinery. 
Before looking at that tremendous event, how- 
ever, we shall glance at the social factors which 
help^ the change. Within the last thirty years of 
the nineteenth century the mass of the British 
people became a boot-wearing population. Pre- 
vious to that time, country people seldom wore 
boots in the summer, and children, in the North 
especially, ran .about barefooted till well on in 
the autumn. At the beginning of the twentieth 
century all this had changed. Except among the 
poorest, every man, woman, and child adopted 
the habit of wearing boots winter and summer, 
and generally had one kind of boot for each 
teason. In<mstrial conditions made boots abso- 
lutely necessary. Town life further increased the 
need for boots — ^boots strong and serviceable, 
easily put off and on. 

Customer and Shop Boots. With the 
increase of wealth in the country the standard of 
life rose all round, and the result was an increase 
in the demand for boots among the working 
class. To meet this large and not too critical mass 
of custom, the ready-made boot trade sprang up. 
For a time it seemed as though our craft was to 
be split in two ; a great cleavage seemed immi- 
nent between what we call the bespoke and the 
shop trades. In the bespoke trade, the boot 
buyer comes in and gets his foot measured, and 
the boot is made up exactly to the size and shape 
desired ; for the shop trade, the boots aare made 
up into sizes, and the customer buys the boot 
of the size and pattern that fits or otherwise 
suits. But the cleavage has not taken place. The 
ready-made boots have improved in quality and 
gradation ; the bespoke trade can be done in the 
factory. The han^craftsman has been almost 
put out of existence. 

Division of Labour. Among the millions 
of boots worn to-day, scarcely one pair in a 
thousand has been num by hana ; the great boot 
producer is the factory. The division-of -labour 
principle has gone through all productive indus- 
tries, dividing up trades into parts, and setting' 
separate groups of workmen to each detail. In 
shoemaking, the preliminary step was accom- 
plished a good while before the factory was 
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29. shoemakers' tools 

A straitfhl a^\l H Toned awl O. (’unedav^l I) I'e^aul E Lastlnptack P. Heel awl 
O. Heel Hlia\ e H Si/oetiek 1. Hammer (double faced) J. Hammer K Ka»p L. Shoemaker a 
knife M. Timed awl N. KtlKe iron O Plicker’a knife P. Awl haft LaatliiK pincers 


thought of. Tory often 
two partner^ ^or brothers, 
or f a^er and son, or hus^ 
band and wife, divided 
the mflUting of the boot 
between them — the 
younger or more refined 
taking in hand the top 
or upper, while the other 
sewed in the sole and 
finished the boot. It is 
easy to see how this 
could be extended and 
the partner become em- 
ployee. The shoemaker 
supplies the leather, all 
cut, to the upper-closer, 
and pays him so much 
for the work. As his 
trade grows he employs 
another bootmaker and 
another topmaker, and 
soon the workshop grows 
into a factory. The cut- 
ting of the boot tops is 
given over to a work- 
man, called a clicker^ 
who docs nothing but 
cut tops and linings ; the 
linings are given to on(‘ 
worker, generally a 
woman, and the leather 
fronts to another ; they 
are separately sewn, and 
to one w'orker is given the 
duty of putting them 
together or joining. Simi- 
larly, the laying of the in- 
sole and the sewing of the 
sole are separated. Then 
came the sewing machine. 

Boot Factory, Hic 
advent of the sewing 
machine marked the 
lieginning of a new ord<ir 
m the bootmaking trad»‘. 

The handicraft had been 
broken up into small 
details, to each a separate 
workman or group of 
workmcm ; but as yet the 
whole process was carried through by hand. 
But by quickening production m the top depart- 
ment, the sewing machine set the pace for the 
whole factory. Bootmaking by machinery was 
bound to come. How it came wc shall see 

Making Boots by Hand. Bootmakers 
have been blamed for making boots that cramped 
the feet, deformed the toes, raised bunions, and 
even reduced the mental energy of the unhappy 
wearers. We emphatically deny that the blame 
for unhealthy shapes of boot can be laid wholly 
on the shoemaker. We are the servants of the 
public, and if the people have a craze for pretend- 
ing to each other that their feet are more slender 
or smaller than they are, boots must be made 
according to the dictates of that craze. Many a 
man has lost a good customer 1 because he has 


tried to resist the foolish desire for what a per- 
verted taste calls neat feet. No shoemaker wi^ 
a proper respect for his honourable craft will 
blindly copy the models set by ignorant fashion. 
He has, however, to make his living m a world 
where nothing is perfect, and meet, if possible, 
the wishes of his customers. The desire to have a 
neat foot and a graceful carriage is as natural and 
right as the love of beauty itself. Boot reformers 
are apt to forget that grace is also worth con- 
sidering ; a healthy boot need not be also an 
ugly boot. The three leading qualities of a boot 
are these: (1) It clings to the foot without 
cramping it ; (2) it wears well in all parts ; (3) 
it is graceful in appearance and shapely. 

Structure of the Foot. The bootmaker 
should never forget that the foot is a living organ 
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he » commsasioned to cover. If the trade 
was thoroughlv organised, no man would he 
allowed to malce boots or shoes unless he had 
passed an examination showing that he possessed 
a good knowledge of the anatomy and structure 4 
of the human foot. The boot is zoMle for the foot, 
not the foot for the boot. Knowledge of the foot 
would tend to induce a proper reverence for it. 
No more wondwful structure has been created. 
It is impossible in this work to give an exhaustive 
descripUon of the foot, detailmg all the bones, 
muscles, blood-vessels, and nerves of the oruan. 
A standard work on anatomy must be consmted. 
by the student. 

Bony Structure. The structure of ihe 
foot is composed of 26 bones, so diapMed as to 
form an arch, the back pillar of which is the heel 
bone, and the front is supported by the toe- 
joints. Above the heel bone is the bone called 
astragalus, which is the key bone of the foot. 
It fits into the bottom socket of the leg bone, 
puts the pressure of the body on the heel, and 
at the same time distributes the force forward on 
to the arch bones, and thence to the toes. The 
central arch bone, named the scaphoid, is con- 
nected with the heel bone by an elastic ligament, 
and is touching the key bone, while connected 
forward with die three bones from which the 
toes spring. The toes come out from the meta- 
tarsal bones, the large toe having two phlanges, 
the other toes three. 

Muscles. Very important is the strong 
muscle extending from the inner extremity of the 
heel bone to the five metatarsal bones, forming 
a kind of tie beam to the arch of the foot, and 
bracing the structure together. The structure 
is further held and strengthened by the muscles 
coming down from the leg and ending on the 
bones which form the joints. 

As we have seen, the astragalus forms with the 
tibia and fibula the ankle joint, th** inner joint 
with the heel bone, and the forward joint with 
the arch bones in front. This gives flexibility 
to the foot. There are three sets of muscles 
of prime importance: (1) The muscles of the 
calf, attached above to the bones of the thigh 
and tlio leg, and below by the Achilles tendon 
to the heel bone ; (2) muscles coming from the 
tibia to the main, arch bone ; (3) the muscles 
from the fibula to the outer frontal bone of the 
foot. By means of these muscles the main 
movements of the foot are energised and con- 
trolled. 

The Fitting of Boots. The other and 
smaller muscles, the blood-vessels and nerves, 
have also to b3 considered by the bootmaker ; 
but detailed study must be carried on 
further in other ways. Enough has been 
shown to indicate clearly the main structure 
of the foot. It is obvious that respect must be 
had to bones, joints, and muscles here indicated 
by the maker of b^ts. To make an arch to 
the instep too high, pleasing to vanity as it 
may be, is to injure the great muscle upon which 
the whole grace of the foot depends ; to narrow 
the boot across the instep is to squeeze together 
the lower bones of the arch and reduce the foot 
to the condition of a club. We insist upon it, 
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that all those efforts after grace which limit the 
free play of the foot in all its parts defeat 
themselves. 

Tools and Matorlalo. A shoemaker's 
equipment W] is not smalL In these days of 
con^ual effort after improvement there have 
not been wanting tauptations to the shoemaker 
to abandon the time-^noured tools of his craft 
for new, and |>eihapB handier instrument. 
We prefer to stick vy the old range of tools, 
because they are the foundation of all depar- 
tures, which are various. In one town or 
district one kind of new tool is taken, and in 
other places another set of improved tools are 
accepted. 

The Boflioh. The two most conspicuous 
pieces of furniture in the shoemaker’s shop are 
the bench and cutting-board. In consiaiiction 
the bench is a box 4 ft. long, 2 ft. by 2 ft. the 
top and inside divided into two sections. One 
half is covered by a padded leather seat, and the 
other is oompartmented into boxes, in which 
are kept wax, tacks, sprigs, and various kinds 
of smallware. In the vertical division of the 
bench to the right of the shoemaker as he sits 
we find two drawers, the top one of which 
contains balls of fiax or hemp thread, and 
in the lower ope measures and notes on 
customers’ boots. 

Places of Tools. The division under 
the scat is usually occupied by tools not in 
immediate use, and small pieces of leather 
which may come in handy for packing. Along 
the wall behind the bench is a rack holding in 
leather sheaths the range of awls and knives 
constantly required in work. To the left is 
an iron table, with smooth top, and on the 
bars under it are several lapstones. On a rack 
in the middle of the floor hang over a hundred 
lasts of sizes ranging from the child’s to the 
full-grown man’s foot. Beside the last-rack 
stand thick logs of various lengths, in the 
top end of which are stuck what look like 
iron feet. 

Awls. This is a general view ; but we must 
look closer and learn the character of the tools 
we have to handle. Some of the awls [29, A to F] 
have long handles shaped for gasping ; but 
look at the blades. They are of we finest steel, 
and curve curiously to the double-edged points 
Straight at the handle, the curve of the steel 
aids the thrust of the worker as he sends it 
through the hard leather. Other awls are 
straight and flat on the head ; these are meant 
to be driven direct through the leather by the 
stroke of the hammer. 

Punches. Next are short-bladed piercers 
with stout handles, for making the holes into 
which the sprigs or tacks Are driven. Three 
pairs of punches, one with a needle-like point, 
one larger in diameter, and the third larger 
stiU, hang ready to make the holes in the boot- 
tops for lacing rings or ornamental patterns on 
the toecaps. 

Setting Irons. While we think of orna- 
ment, the setting irons [291^ are to be noted — 
curious steel blocks, one side with edged ridge, 
and set in strong handles. Along with them we 



-IJMTHSII 

find what k>o3c like i^ur rowels 8);uok in handies, them overnight. If the pieces are sticking 

little wheels that impress the leather with a together with a soft, syi^upy substance between 

pattern — some a line of points, others wavy them, glucose is present. &ere are other ways 

tines, and named stUeh^pricieers. of faking leather, but if you buy from a good 

Kniwea. Then there are the knives, a tanner, and there are many, you are sure to 

perfect arsenal of blades. One broad piece of get a fair quality for a fair price, 

steel has a point curving out from the face of the Top Leather. Next in importance is the 
blade ; another, shaped like a crescent with a stock of top leathers. These vary in thickness 

handle coming from the inner centre of the from the heavy hide for making the uppers of 

carve, is the saving knife ; and others of various stout working boots, boots for hunting, deer- 
sizes are straight, business-looking cutters. stalking, mountaineering, and the like, down 

All are kept sharp as razors by the stones near to light calfskins or glac^ kids, for fancy boots 

at hand. The catalogue is long, but the shoe- or ladies* wear. Then there are a good many 

maker’s tools are many. In addition to these, patterns — plain, grained, pebble - grained, 
he has hand mittens, knee belts, waxes (yellow, diamond-grained, or pigskin-grained [see plate 

brown, and white), emery-cloth, sandpaper, facing 3217]. Patent leathers— morocco, ru^ia, 

rasps of different degrees of sharpness and size, and roans — ^have to be stocked for fine edgings 

bristles that make needles for his threads, of high-class boots and shoes, toocaps, or fronts 

polishing- black bottle, and polishing shaft. of ladies* slippers. Going on from heavy to 

The Topmaker*e Toole. Where the light, we come to wash leathers, split sheep, 

shoemaker has an upper or boot-top sewer calf and goat skins, for linings and bindings, 

in partnership with him, they hold the most of Light pioees of hide called ofiFal by the tanner 

the tools in common ; the sewer has his are needed for insoles and packing, 
or her bench, and a set of fine awls, fine threads, Fine Leather. Experience alone can 
ft closing clamp or board that holds the top in teach a man how to be independent of the 

its jaws while the sewer works, and, in honesty of the leather merchant in dealing with 

newer shops, a sewing machine for linings and those top, fine, and fancy leathers. Of course, 

light leather. he must learn, and that very quickly, to tell the 

Materials. Our materials are not so difference between a pebble-grain and a box- 

numerous as the tools ; bat they are sufficiently grain, or a roan and a russia leather ; but that 

varied to confuse the beginner, unless he has is not a diffieult matter to an intelligent 

some warning of what to expect. person. 

Sole Leather. Bole leather is thick, hard. Various Materials. The indopendoni 
heavy, and very stiff. It comes to us in hides, slioemaker has to stock a good deal of iron- 

and may vary a good deal in weight and mongery and drapery, which must be judi- 

quality. Before the clever chemists came to eiously and carefully stored. Linings of cotton, 

t^ach the tanner how to play upon the hides, linen, canvas, felt, and cloth, straps of mohair, 

it was comparatively easy tv toll the different flax, and cotton ; soles of felt, cork, canvas, and 

qualities. The best qualities had a buff colour, pasteboard fill up a good many shelves and 

and could bo worked to the hardness of iron drawers. Wood pegs, brass and iron rivets, 

without fear ; the lower qualities tended to sprigs, sparables, hobs, heel-plates, toe- plates, 

red in colour, and kept soft in spite of all the boot-protectors, rubber heel-plates, eyeltjts, 

hammering in the world. Leather may now be buttons, and patent fasteners ot many kinds— 

of perfect colour, and send flakes and splinters all these fill up tlio drawers and stock boxes of 

from under the beater before the sole has been our workshop, and absorb a lot of capital, 

shaped ; red leather may turn out quite good. Our inventory of bootmaking materials is 
Tests. Adulteration of leather has b^en general ; there are many things used by special- 

very common of late years, weighting of the ists we have barely noticed. The things 

hide with glucose or sulphate of baryta, a kind enumerated are common to the whole trade, 

of earth, being the most frequent For dis- and should bo known to every craftsman. Wo 

covering the latter, you have only to draw hold strongly to the opinion that the beginner 

your knife sharply through the edge of the leather ought to be taken through the stock-room and 

and the earth will rasp on the edge like sand- shown every tool and material of his craft, with 

stone. Glucose can he detected hv laying two explanations of their uses. This is the main 

pieces of the leather in a damp cloth and leaving intention of the present section of our course. 

CofUiniied 


8877 








neoessQiTy. ^ there happen to bo any dil&culty 
about making ommection with a drain, as might 
be the case in a Country district, a hole 3 ft. deep 
at one comer, half-fUled with shingle and coke, 
and covered with an iron cover, may answer, 
althoup;h obviously such a plan will involve 
periodical cleansing and renewals of the coko, etc. 

Garage Equipment. Tho usual precau- 
tion of not having a naked light in the motor- 
house must be stringently observed in respect 
to the pit. If the electric light is not avail- 
able, only a Davy lamp should be permitted in 
the place. 

The agent who undertakes repairs and docs 
them in his garage will have to face tho problem 
of heating the building in winter. The ideal 
plan is to sink a small boiler-house or lean-to 
outside the main building, and to install pipes or 
radiators inside the garage. The absolute 
necessity of some such provision will be appreci- 
ated after a sudden drop in the temperature 
during the night, resulting in a cracked water- 
jacket in a customer’s car. 

Another special apparatus necessary will l)e 
the vulcaniser. This device for repairing cuts 
and bad places in the tyres will cost the 
agent from upwards. There arc several 
patterns on the market. Most of them depend for 
heat upon steam, generated by a gas jet. or a 
blow lamp ; but in one at least the heated sur- 
face is derived from iron blocks which can be 
made hot in a forge. 

The third essential feature in tho agent’s 
garage will be the provision of means of re- 
charging accumulators for customers. Tho 
agent who can command the use of current 
from electric mains will do so. The cost in that 
case will not be serious, for a charging board is 
not an expensive affair. If the district is out- 
side the area of any of the electric supply 
companies, a primary battery and resistance 
board will have to be installetl. 

Repairs. The would-be dealer in cars 
and motor cycles must cultivate the repairing 
businc^ss. First, if ho be a fitter or mechanic 
he might get employment in a garage, where 
he would have opportunities of learning some- 
thing of the mechanism of various cars. 
With the knowledge thus acquired, and if 
ho can command the use of £100 or £200, he 
c{.n take premises, build his own pit, put 
down a lathe, grinding machine, drill, electric 
charging and vulcanising plant. There is 
a\ailable to the man who wishes to perfect 
himself in the knowledge of motor-car details 
a considerable volume of literature which 
is by no means expensive. Mr. Worby Beau- 
mont’s book on the subject is, of course, the 
classic, but as it costs about two guineas it will 
not be within the roach of the individuals we 
have in mind. However, from the list which 
follows he will be able to select suitable and help- 
ful books. Mr. Douglas Leechman’s “ Autocar 
Handbook ” (215 pp., 102 illustrations), costing 
only Is. 6d., contains plenty of elementary infor- 
mation about the motor, and something about 
the ch&ssis and gears. It is published by Iliffe & 
Sons, Ltd., of Coventry and 20, Tudor Street, 


E.C., which company also publishes a capital 
handbook on ** Motor-Car Repairs,” at 2 b. 6d., 
and a third publication, ” Useful Hints and Tips 
for Automobilists.” llie last is a collection of 
more than 500 hints reprinted from “ The Auto- 
car,” which is the leading weekly (3d.) connected 
with the sport and industry. A more expensive 
book is W. Poynter Adams’s ” Motor-Car 
Mechanism and Management” (174 pp., 22 
diagrams). Only one part, dealing with the 
petrol car, has been issued up to the present, 
but others, treating of the electrical car and the 
steam carriage are promised. Each part costs 
6s., C. Griffin & Co. being the publishers. On 
the very intricate subject of ignition, tho Cycle 
Trade Publishing Co. have published T. H. 
Hawley’s “Motor Ignition Appliances” (137 pp., 
43 drawings). It is an exasperating book to 
read, owing to the long and involved sentences 
affected by tho author, who, however, covers 
the ground well, and gives the purchaser a 
generous half-crown’s worth. 

Finally, we may mention “ Petrol Motors and 
Motor-Cars,” by T. Hyler White (187 pp., 44 
diagrams). Longmans, Green & Co. publish this 
at 4s. 6d., and it may best be described as the 
handbook of the designer and draughtsman. 
The principles underlying construction, with the 
formulae for determining the correct proportion 
of the engine details, brakes, transmission gear, 
etc., are discussed in this eminently practical 
volume. 

With a moderate capital, some experience, 
and a determination to master the princ'iples 
upon which a car works, a start could b(» made 
which might be expected to provide a moderate 
living at once, and to furnish the basis on which 
to build up a successful business in tho near future. 
What we wish to point out is that the practical 
man has a bettor chance of making a success than 
his fellow who has been engaged only in buying 
and selling, and whose early training has l)een 
along commercial, rather than mechanical lines. 

MUSICAL INSTRUMENT DEALERS 

Under this lieading is comprised the shop- 
keeper who deals not only in musical instruments 
and their accessories, but also in shoot music. 

Many a now profitable music business has origi- 
nated in a private house. The reason for this is 
that the first essential for success in this special 
sphere of commercial activity is a practical know- 
ledge of the business. The second desideratum is 
care in bookkeeping. A good accountant haw 
often succeeded whore the purely practical man 
has become bankrupt. In Great Britain a be- 
ginner with small capital should avoid attempting 
to startle his neighbourhood at the outset. Tho 
tyro has not much choice as regards a site if he 
purchases the connection and goodwill of a 
going concern. 

Apprenticeship. There is no type of 
business misunderstood more often than is that 
of the music -dealer. If a young man, or a youno: 
woman, show musical aptitude nowadays, and 
be a failure in a professional sense, he or she is 
considered qualified to open a music-shop. Such 
establishments are soon closed. The best recipe 
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against allipmeok is to be the son of asYtooessfui 
music-dealer and to have profited by his ex- 
periences. But, for those unable to select the 
occupation of their parents, the best way to 
ensure success is to have the training of a 
piano-tuner and be possessed of good ore^ntiak 
from a firm of stwding. In okL-estalfiished 
London factories to-day lads are indentured 
as apprentices for tuning at the age of fourteen. 
The apprenticeship period lasts from five to 
seven years. The usual procedure is for a lad 
to ^o to a recognised firm and offer his 
services in return for tuition in piano-tuning. 
In some factories a small remuneration is offered 
to the apprentices, but in the majority of 
cases the beginner works for no pecuniary 
reward. An apprenticeship in a piano factory 
is desirable for learning piano -tuning properly, 
not so much because uie lad gets to ^ow the 
internal mechanism of different types of pianos 
but he has constant practice in actual tuning all 
the time. Some historic makers charge pre- 
miums for apprentices, and if the youthk 
parents can afford it, the expense is justified 
by the experience gained. 

Asaiatantahip. Apprenticeship over, the 
next step for the youth is to get a position in 
a retail music shop as an improver. There 
(where probably he will be paid £1 a week) he 
will have old pianos as well as new ones to 
tune, and he will learn from the old instruments 
many matters he has no opportunity of dis- 
covering at the factory. Moreover, he gains 
experience of retail business methods, and after 
two years should be competent to serve as what 
is known as an ** outdoor tuner.** When such 
skill is attained, the next move is to get the 
employer to send him out to tune the pianos 
of customers. It is understood that the shop 
selected for the improver is one in which 
not only pianos but musical instruments of all 
kinds are sold, and sheet music as well, so that, 
while advancing in piano -tuning — which, after 
all, is the main thing — he is also learning other 
necessary departments. 

The prices and profits secured for and by the 
sale of all kinds of instruments, sheet music, 
and musical adjuncts, and the general principles 
of business have to be diligently acquired during 
this period. To excel as a tuner it is not 
necessary to be what is known as musical. 
Some of the best tuners are not pianists. There 
is no greater mistake than to imagine that 
the child with a good **ear for music ’* will 
make a successful tuner. An apprentice who is 
ambitious, nevertheless, will always learn suffi- 
cient of the art to enable him to play with 
facility arpeggios and chords so as to *H]y** 
the tone of any instrument. 

Opening a Shop. Before deciding to 
start in the music business, it is very 
advisable to have a tuning connection as a 
basia This is an important point, for ex- 

r 'ence has proved that man cannot live 
music selling alone. Practical men who 
hWe gone through the mill know that the 
beginner should have a connection of at least 
3(K) tunings per annum, and one-third of that 
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number should be regular eontraet tuninM. 
The usual charge for tuning a piano is 3 b. M, 
and five pianos per day is an average day*s 
work. 

Although, in the music trade, connection is of 
greater value than mere advertisement, the 
latter should not be altogether negl^ted. 
One prominent music-deabr whom we have in 
mind advertised in a manner which gave the 
maximum result at a minimum cost. All he in- 
serted in the local newspaper was, the first week, 
“ Wanted, 1,000 pianos to tune.’* Then followed 
his name and address. Next week the wording 
was changed to ** Wanted, 995 pianos to tune.** 
The figures gradually diminished in this way, 
and the impression given was that the new- 
comer had succeeded in getting considerable 
business. 

The Window. One of the cheapest ad- 
vertisements for the music-dealer is to have 
his shop-front dressed as attractively as possible. 
In quiet country towns the mametic qualities 
of a well-arranged window are mu^ undervalued. 
It is a mistake to show the same goods con- 
tinually. The windows should be kept scrupu- 
lously clean and not overcrowded. Effective 
displays need not entail expense. The most 
useful class of passers-by can be attracted by 
photographs of musical celebrities. For violins 
or brass instruments, a plush curtain forms a 
good background. Musical aooessories, suob as 
gramophones, metronomes, and glass insulators 
for the piano, can be grouped artistically. Frontis- 
pieces of new music are supplied bjr publishers 
for window displa^r so as not to soil the music 
sold. But such title-pages should be always 
up to date. It is seldom that a beginner in the 
music trade has room to show pianos in his 
window. Should he be fortunate in this respect, 
care should be tak^ to have a blind ready to 
be lowered so as to secure temporary privacy 
when the instrument is tried. 

Advertiaing Materials. The retailer 
should take full advantage of all help in adver- 
tising he can get from the makers of instruments 
he particularfy represents. Some firms of enter- 
prise are generous in this respect by (1) supplying 
well-framed and artistic showcards ; (2) defraying 
the cost of decorating the window with enamelled 
letters and coats of arms illustrative of Royal 
appointments they hold — ^but in this case 
there must not be too much display of lettering 
on the front of the shop ; (3) supplying music 
wrappers with appropriate advertisements ; 
(4) and various stationery, such as letter paper 
and bill-heads bearing the dealer’s address 
as well as an advertisement of the particular 
agency. Intelligent use of all such matter 
effects not only a considerable saving annually 
for the b^inner, but stimulates business. 

The Shop and Fittlnge. The founda- 
tion for the stock required in a musis shop 
is often laid by the wide-awake young tuner 
while living at home. In the course of his 
vocation he has the opportunity to acquire 
cheaply second-hand pianos from customers 
who wish, for a variety of reasons, to dispose of 
thorn. In the course of a year or two he may 



become tibe omer of several pianos, which 
he can keep in his private house until he finds 
it ‘desirable to start a shop. The neighbourhood 
should be carefully selected, and should be as 
near as possible to the centre of the district where 
his tuning connection lies. The shop must of 
necessity be fairly good, well decorated and 
attractive. The fittings required arc merely the 
usual counter, one or two glass cases, aikd lettered 
cardboard portfolios for music, all of which 
should cost not more than £10. 

StocR. Owing to unchecked piracy in 
sheet music, there is at present no profit in it 
in Great Britain. Yet it is useful* in keeping to- 
gether a connection, or for attracting fresh cus- 
tomers. The typical music-shop is stocked >»ith 
medium-priced and cheap pianos, American 
organs, self-players and j^onographs, violins, 
mandolines, ana other stringed instruments, 
military wind instruments, besides the “cheap 
lines,“ such as melodeons, whistles, mouth- 
organs, fiddle-strings, and various accessories. 
There is no need, at first, to tie up capital by 
keeping all such goods in stock. Pianos, 
and, in fact, nearly all musical instruments, 
may be obtained from the wholesale houses 
or factories on sale or return. They seldom 
need to be paid for until actually sold. Of 
course, if the beginner has a capital of £100 or 
£200 to expend, it is advisable to pay for as 
much of his st(^k as he can, so that he may 
be independent of trade creditors. Witn 
a few second-hand pianos acquired before 
starting, the beginner has already a show. He 
may then order half a dozen new pianos of 
various prices, and two American organs on 
approval. Then he can order, in the same 
way, or paying cash for the “ small goods,” three 
or four violins and three or four mandolines, and 
a judicious selection of accordeons, concertinas, 
autoharps, flageolets, whistles, mouth organs, 
jaws harps, music desks, fiddle and mandoline 
strings and fittings. A sum of £20 should suffice 
to make a good display and give a varied 
stock of these goods. Another £20 would be 
expended on sheet music, carefully selected 
and varied to suit all tastes. The selection or 
particular kind of stock necessary can be gauged 
only by carefully anticipating the needs of the 
neighl^urhood, and it is here that the 
judgment and foresight of the beginner must bo 
intelligently exweis^. The large houses issue 
well-iUustrated and comprehensive catalogues 
showing exactly every detail of articles wanted. 
The scope in small merchandise should not 
be overlooked by a beginner, as it is often 
relatively more profitable than the high-class 
trade. 

Sole Agencies. To prevent underselling, 
manufacturers of standing, with but few ex- 
ceptions, nowadays appoint a sole agent for 
each district or town. He has the right to 
arrange sub-agencies. But there is little profit 
derivable from a seconds^ appointment. The 
beginner will have no difficulty in ascertaining 
the names of the sole a^ncies held by established 
rivals in his locality. There are so many makers 
of repute that it would be easy to add. another 


name to the list. A glance at the advertisements 
in “ Music Trades Review ” or the “ Musical 
Opinion ” will enable the new-comer to iq>proaoh 
those houses most likely to be useful to him. 
It is desirable to acquire the sole right to 
soil, within his town and the area covered by 
his tuning connection, one high-class make of 

S iano and one medium class. At the annual 
Eusic Trades’ Exhibition, if he has an 
opportunity of visiting London, he will be able 
to arrange for a cheap line and be sure of getting 
value for his money. The point is to see that 
such instruments stand in tune. Touch and 
tone-quality are secondary considerations, 
although they rank first with high-class makes. 
On the choice of the cheap lino will most likely 
depend the success or failure of the new business. 
To evoiy expensive instrument sold, probably 
a dozen cheap pianos will bo disposea of. As 
the price is out as finely as possible, and such 
instruments may be obtained wholesale from 
£10 apiece, the dealer is expected to pay promptly 
for them. 

Hire System. When instruments are 
sold retail on the instalment plan, the profit 
on them furnishes the dealer’s main source of 
income. But if this capital be small, the rock 
on which the practical man usually comes to 
grief is selling too many instruments on the hire 
system. Sometimes, even in cheap lines, manu- 
facturers, eager to do trade, hold out the induce- 
ment of extended credit, and accept bills. When 
such bills become due, it is difficult to renew them. 
To give acceptance for goods received is always 
dangerous. Unable to find the necessary money, 
owing to the pianos received having been sent 
out on the hire-purchase system, the dealer is at 
the mercy of his wholesale “friends.” Ho is 
fortunate if they take over his business, retaining 
him as manager. In that case, he will get a 
small salary and a commission on sales, so that, 
however hard he may work, a third party, 
unknown to his neighbourhood, pockets the 
harvest which should otherwise have been his. 
Many prosperous music-dealers owe their 
financial success to observance of the rule 
never to sign a bill. 

Making a Connection. As regards the 
medium and high-class makes, these give the 
new business its reputation and furnish the con- 
nection with its best customers. Whenever 
an instrument of 50 guineas or upwards is 
sold, the dealer will have little trouble in 
arranging to tune the instrument periodically 
by yearly contract. According to the distance, 
so the price for four quarterly visits ranges from 
12s. to 428. per annum, a reduction being made 
for a second piano in the same house ; and the 
tuner, after he has done his work, gets the 
contract-card signed, os a proof that the instru- 
ment has been duly attended. This is valuable 
to refer to when disputes arise after Christmas, 
before bills are paid. The new-comer will find 
that two sole agencies are sufficient for him. He 
should concentrate his energies on selling those 
instruments, but, before doing so, should bo 
careful that the agreement he enters into with 
makers is so worded that, directly a demand w 
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oreftted» the a^^enoy may not be taken away Irom 
him and put into other hands. 

Comminniona. It is in the sale of the higher 
olasB instruments that the question of commission 
arises. The music teacher, who has beeh the 
means of brinsing an order for a piano to the 
dealer, naturally expects to be reimbursed for 
the time and trouble he has taken in the matter. 
But since the London Co-operative Stores, by 
living wholesale orders, have been able to buy 
in bulk at dealers* prices, and have sold musical 
instruments to the public for cash, on terms 
formerly reserved for members of the musical 
profession, profits on cash transactions have 
greatly dimmished. As the amateur purchaser 
receives stores prices, the margin left is nominal. 
Yet the intermediary is not likely to go out 
of his way to influence business if he does 
not receive back his expenses. What the Law, 
in recent enactments regarding secret com- 
missions, stipulates is that an intermediarv may 
act cither on behalf of the sellei or on behalf of 
the buyer, but he cannot represent both parties. 
Obviously, the music teacher, when he chooses 
a piano, and stands sponsor for it, endeavours to 
select the best instrument he can to help on the 
studies of his pupil. Therefore, as he is acting 
on behalf of the purchaser rather than the seller, 
it is becoming the rule of the professor to toll the 
parents the professional price, and add to it a 
reasonable fee for his services in that matter. 
Under such circumstances, no subsequent claim 
is made on the dealer. 

Three Years* Agreement. Before 
supplying any musical instrument on the B 3 ^tem 
of hire-purchase extending over one, two, or 
three years, the dealer should be careful to get 
a legal form signed and witnessed. It should 
bear a sixpenny stamp, fully describing the 
piano or organ supplied, and state the amount 
of the instalments and the dates when they 
become due. But the main object of the docu- 
ment is to make clear that until the instrument 
is paid for it remains the property of the dealer, 
and cannot be distrained for rent by a landlord, 
and that, in the event of its being destroyed by 
fire, the hirer agrees to continue to repay its 
value. In the event of the instalments falling 
into arrears, the oVner also has the right to 
recover the instrument. Legally-worded forms 
are obtainable from the office of the “ Music 
Trades Review.*’ In exceptional cases, dealers 
have been unduly hard in resuming possession 
of a piano when almost all the instalments have 
been met. Sharp practice of that kind is, how- 
ever, rare. It does not pay. What does pay 
is to hire out instruments on this system to 
customers whose instalments are received 
punctually, so that the dealer can not only meet 
his obligations to the manufacturer, but give 
the latter fresh orders. Care, therefore, should 
bo exercised, in the first instance, to insure that 
the customer is honest, and a couple of references 
should be required. 

Exchanges. Naturally, the first endea- 
vour of the music dealer must be not only to 
supply what is wanted, but to make each trans- 
action yield a profit. This is a difficult matter 


when orders lor new instmments involve taking 
back old ones. People attached to old pianos 
fail to understand that modem improvements 
have rendered them out of date and commercially 
worthless. The outside may be **a8 good as 
new,” and the original cost £160, but the twenty- 
year old grand . is probably not worth 
Nevertheless, the dealer may be obliged to offer 
£10, and his only way to dispose of it will 
probably be to get a traveller to take it off 
his hands, at the best price possible, condi- 
tionally on his giving the latter an order. 

Ordering Music. Travellers* terms for 
music are more tempting than those offered by 
the publisher direct. The latter, when he brings 
out a new song or piano piece which he believes 
will become popular, speculates by printing a 
considerable number, and offers exceptionally 
liberal terms through his traveller to induce the 
dealer to share the risk with him. But the 
beginner cannot take risks. His music shelves, 
bearing the words “ Songs,” “ Dance Music,” 
“ Piano Solos,” “ Piano Duets,” etc., are mostly 
often dummies. It would not pay him to keep 
in stock the entire repertoire of the average pro- 
fessional or amateur musician. Instead, he 
orders single pieces of music by post direct from 
London through some friendly publisher who 
acts as collector for him. Some dealers make up 
such a list of music wanted twice a week on 
order sheets. In any case, a music-dealer should 
never depute an underling, however honest he 
or she may be, to give orders to travellers. A 
case occurred a few years since where a lady 
assistant was entrustea to order sheet music from 
samples. Instead of distributing such orders 
impartially to the different representatives who 
called, she put all her eggs gradually into one 
basket. The result was that when, at the end of 
the year, the proprietor came to take stock, he 
found his shelves loaded with ephemeral songs 
and dance music bearing the same imprint and 
worth the price of wastepaper. A golden rule 
is always to have the hands clean when showing 
sheet music. Once soiled, it becomes unsaleable. 
If possible, it should be put away into its case, if 
not wanted, before the customer leaves the shop. 
If there is small profit on sheet music, a better 
investment is to found in albums of standard 
songs, pianoforte sonatas and oratorios. These 
do not spoil by keeping, nor get out of date like 
comic songs, ballads, and dance music. Some 
houses have an ingenious plan of furnishing 
entire libraries of classical music, indispensable to 
teachers, on favourable terms, provided that such 
stock is insured against fire or other damage, 
and the musio-seller immediately orders a fresh 
piece to supply any piece sold. 

LrOoKliig after the Shopn Better have 
no shop at all than not look after it properly. 
To many a beginner in the music trade, how to 
be in two places at once is a troublesome problem. 
His main source of income may depend, at first, 
on his tuning connection. That cannot be 
neglected. Prospective purchasers have to be 
waited upon at their residences with catalogues, 
etc. Durmg such visits, a customer, who should 
receive special attention, may call at the shop. 



It is IwBS tiiat theinteOu^t eo-operaitloit ci ft ledger. A diaiy, in which is recorded the dates 
sister or wile has often Been the making of a of toning visits due, should always be kept up» 
young m an . Ladies have more patience with and customers informed by postcard before eaw 
oaUers whose visits are unprofital^. It is un- visit. But a very important matter is not to 
neoessanr to have served a long tuning apprentice- neglect taking stock, ^is should be done once 
ship to be able to waste half a day exchanging a month, and most carefully at the end of the 
sheet musio or selling fiddle string. Yet this year. It may involve considerable work to go 
has to be done. The young dealer should arrange through a quantity of sheet musio and musical 
his work so as to be in ohar^ of the shop on su^ accessories which have accumulated. It is 
days which are busiest in the week. In country better to sacrifice profit and get rid of them, be- 
towns, this is generally when market is held ana cause a sale *’ may attract new customers, and 
people make their purchases for the ensuing space is always of value. The main point is that 
week. It is suicidal, however, for the beginner to the dealer should balance up his books periodic- 
negleot his tuning connection for the sake of the ally so that he may know how he stan^ finan- 
shop. If he is not in the happy position of having daily, and reduce expenses in certain ways if he 
a yme or a sister to look luter the place in his finds his liabilities increase unduly, 
absence, he should engage on alert lady assistant Aidft to Buftineftft. The tuner who is 
at a cost of i5s. to £1 a week. Some tuners also a good musician may perhaps increase his 
teach piano playing, and it may possibly pay success in the neighbourhood by organising 
to engage a lady teacher to play and teach at-homes, concerts, and so forth, and by playing 

in the diop, looking after the retail business in private houses. The usual fee for such 

in the meanwhile. The fee usually paid to a service is from lOs. 6d. to £1 Is. per night, 
professional in such a case would be £1 a week but it is fatiguing work, and ruinous to health 
with a commission on the teaching. if kept up for any length of time. Although a 

Repairs. The practical tuner, on his rounds, matter of £20 to £30 a year extra may be made 
frequently has to attend to minor repairs. A in this manner, and it may be helpful as an 
keyboard instrument, unlike a violin — although advertisement in the district, it should bo die- 
that often requires seeing to — ^has much mech- continued as soon as possible, 
anism which wears out after a certain time. To Hiring out pianos to concert halls and to 

repair a piano thoroughly, the shop must bo parties is another way of making an additional 

provided with an apartment containing a bench, income, and an able man is id ways ready to 

a hammer-covering machine, and other appli- supply orchestras, etc., for evening parties, 
ances. To fetch the instruments, a van will all of which should bring profit in the way of 
have to be hired, or, if that is not obtainable, a commissions. But these things are subsicua^ 
cart, should it have no springs, must be lined to tuning, which should be sedulously nurtured, 
with straw. The repairs will probably occupy The Quefttion of Profits. The average 
two months, and another instrument has to be percentage of profit on the sale of music is 

supplied meanwhile, its use being included in a small one. It must not be forgotten that the 
the estimate given. For rc-covoring hammers, articles sold are, in a sense, luxuries, unlike the 
the usual charge is from £3 to £5, while a thorough necessities of life supplied by a grocer, butcher, 
repair, according to the work necessary, may be or similar shopkeeper. The average of profit 
from £10 to £30. Where the workshop is not on the direct turnover should actually realise 
fully equipped, it is best for the dealer to send from 30 per cent, to 40 per cent. Sheet music 
the number and other particulars to the maker, of the cheaper sort bears a big profit usually 
get an estimate, and then forward the instrument — a sixpenny song will cost less than threepence 
to headquarters. It is advisable at first to send — but the higher-priced music, that marked 4s., 
as many of the small repairs as possible to a but actually selling at Is. 4d., costs about 
factory, for such work must be completed Is 2d. wholesale, and sometimes more. There 
without delay, and the tuner’s time can be better is therefore no profit in selling the dearer music 
enmloyed. under present conditions ; but there is a big 

Taking Stock. The practice of shutting up future for cheap music, provided the cutting of 
during the afternoon on the now customary price is effectually prevented. It is not only thp^t 
“ Ea^ Closing day ” gives the beginner a weekly the depredations of the “ music pirates ” are to be 
opportunty to make up his books, attend to deplored, but that the suicidal undercutting of 
repairs and other matters of importance without prices between one dealer and another in the 
being interrupted by visitors. A man who has trade prevents a living profit being obtained 
been trained as a practical tuner and not as a for everyone. The miisic trade has its possi- 
clerk often finds the clerical work irksome at bilities for the intelligent dealer, and par* 
first, but if he does not master the rudiments of ticularly for the careful, efficient and well-trained 
bookkeeping be cannot hope to be successful tuner. There are so many imperfectly-trained 
finanoiaiiy. A good check on each day’s taking and incompetent “ tuners ’ at work that the 
is an automatic cosh register. All items should energies of competent and careful men, if 
be entered in a day book and transferred into a properly directed, reap a rich reward. 

CorUinwd 
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325. Mmdrel-block 
329. Tlu^ Joint 


TOOLS AND PBOCE8SB8 IN XNQINSBBS’ COPPEBSMITUINQ 
826. Floor-block 327. Edges thinned and notched 328. Cramped pi^ bound with wire 
330. Socketed joint 331. Bending block with attachments 832»834'. Pipe tehiplets 
336. Temi^-board 
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adjusted with one of the sling chains, to which 
a weight is added on the slack side to counter- 
balance the wei|^t of the pipe, or the chain may 
be fastened to we wall. The fire-box rests i^n 
a clam^ which is made to grip the pipe, it is 
filled with charcoal and coke broken small, and 
is fitted with a blast-pipe and holes arranged 
round an annular ring, much resembling the 
arrangement in the annular wind-chest of a 
cupola furnace. Care must be taken that the 
solder does not run away at the bottom of the 
joint. Lampblack and gold size may be rubbed 
round the bottom, or moist clay. Or, if the joint 
be tinned, the tinning must stop short of the end. 
As soon as the spelter has run, it is skimmed of! 
flush with the top of the socket, and salt is strewn 
on to kill the borax, which would otherwise leave 
a hard surface to interfere with subsequent filing. 

Pipe Bending. There is a good deal of pipe 
bending done. In the absence of special machines, 
simple leverage is the method adopted, and a 6end- 
ing-hlock [881, A] is fixed in the floor of the shop 
for the purpose. It is of cast iron, about 14 in. or 
16 in. square, and pipes up to 5 in. can be bent on 
it by hand. It is shouldered, or rebated, round the 
top to receive an iron strap, B, by which a lead 
piecBf C, is secured on the block. This lead piece 
has a hole to take the pipe to be bent without 
bruising it. Tlie leverage is taken against a back 
plate, D, that fits by pins edgewise on the bending 
block. When the lead piece is not used, a pm, 
E, is dropped into a hole on the top of the block, 
and the pull taken between this and the back 
plate. The pipe is pulled round by a lever, F, 
secured thereto with a loop of rope or a copper 
band. Bruising is prevented by packings of lead 
or soft wood at all localities where pressure is 
made against the pipe. 

Two preliminaries are essential to bending 
pipes and tubes — filling the pipe with lead or 
rosin to prevent puckering, and annealing the 
part to be bent, the remainder to bo left hard. 
For small curves, soft lead is better ; for long 
ones, resin. The straight part is not filled, but 
the progress of the load or resin is arrested where 
required by rolling up a hard ball of paper and 
thrusting it in. The lead or resin are melted out 
subsequently to the bending. 

Templets. Pip^ are generally tested during 
bending by templets of iron rod of from J in. to 
f in. diameter in smaller and lareor templets [882]. 
The rod must be sufficiently stiff to retain its shape 
while being handled. The curves correspond with 
the centre of the pipe being bent, and the templet 
is laid upon the pipe from time to time as the 
bending proceeds. Templets of wood [888 and 
884] are frequently made by the pattern-makers 
or carpenters. The outlines of these correspond 
with the external edges of the pipe. They are of 
deal, about ^ in. or ^ in. thick. If flanges are 
required, these are indicated by fianges nailed 
on the ends of the board and secured with 
brackets, as shown. 

There is a different kind of templet, termed 
the templet hoard [885], which is not used to give 
the curve of the bends, but their lengths. Its 
purpose is to fix the exact positions which the 
flanges have to occupy in the marine engine or 
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locomotive, so that they go into place without 
any tentative fitting. £i repetitive work a 
model of the part in which the pipes have to fit 
is kept. Thus the steam pipes for locomotive 
smoke-boxes are fitted in a model box, and go 
into the engine only when the work is finished. 
The templet board [885] comprises two boards, 
hinged so that they can be set to right or other 
angles, with wing or quadrant pieces, and clamped, 
and the faces of the flanges are fitted against 
them at the lengths required. They are most 
useful for repair work, since a broken pipe can 
be pieced up and repaired to correct lengths by 
first fixing the templet board correctly, and 
marking the positions of the fianges on the ^ard. 

Made Benda. The term made bends 
signifies bends that are not bent from straight 
pipe, but are made in halves from copper sheet, 
which is hollowed to the forms required in 
hollowing blocks and over tee stakes. The halves 
may be joined at the sides [886] or along the 
interior and exterior radii, throat and bewk [887J. 
This is more difficult work than mere bonding of 
pipes, because the metal has to bo upset on thf' 
shorter radii, and drawn on the larger, and 
wrinkles will form which will have to be worked 
out over the tee stake. The joints are made 
by cramping, and closing over a cod [888] on a 
mandrel standing out from the mandrel block. 
Allowances have to be made for the bending and 
puckering which takes place, and much practice 
is necessary to ensure good results. In manipu- 
lating large bends for brazing, the halves ari‘ 
pulled together with an encircling chain and 
bolt slung suitably over the fire, so that they 
can be readily manipulated without crushing 
the fire. 

Tees and Branches. These are attached 
to pipes by soldering or brazing, though in some 
cases they are cut from the solid sheet. When 
fitted, the end next the pipe is bell-mouthed and 
flanged slightly, and the flange is fitted to the 
curve of the main pipe [889]. A hole is cut in 
the latter, smaller than that in the branch, to 
allow metal for turning outwards to enter the 
faring portion of the branch. The burred edge 
is made to fit neatly within, and the flange on 
the outlet to fit the pipe body neatly. The joint 
is then ready for securing. If it bo soft-soldered, 
the joint faces are now thinned ; if to bo brazed, 
the flange of the branch is coated with spelter 
solder. The spelter is strewn on the face and 
melted, and spread evenly over it. It is then 
placed on the pipe and secured with binding 
wire, and the pipe laid on the forge. Spelter 
and borax are strewn on flange and pipe adjacent, 
and the parts are heated up slowly at first, and 
more rapidly as the heat increases, until the 
spelter runs through the joint. 

Made Tees. Large numbers of tee-pieces^ 
or three-way [840 to 842], and fonr-way, or cross- 
pieces [848], are made from copper sheet, which is 
cut, cramped, and brazed. There are different 
ways of jointing adopted — in the plane common to 
the branches, in saddles or throats, or at right 
angles therewith, with gussets [841 and 342] or 
without gussets [840]. Large bends are better 
made with the joint in the throat and back {saddle 




fttid hock) than in 
the other direotiont 
thou{^ many are 
made in the latter 
way. Fig. 848 shows 
a tee piece, but the 
jointing may be done 
in alternative ways, 
as in bends. 

Expansion 
Joints. Expansion 
joints [844] are in 
frequent use, and are 
made by two conic 
frusta in the first 
place, with cramped 
seams, which, after 
being drawn out 
round the edges by 
hammering, are 
cramped in &e cen- 
tral plane of the 
expansion piece and 
brazed. The brazing 
may be done from 
inside or outside. 
The figures to the left 
show one coned piece, 
and the same when 
drawn out or bell- 
mouthed. 

Flanges. Large 
numbers of flanges 
are brazed on copper 
pipes. The pipes are 
slung vertically with 
fl a n g e 8 lowermost 
[846]. A little clear- 
ance is allowed for 
the spelter to run 
in. The hole is 
slightly tapered, and, 
jiroperly, the end of 
the pipe should be. 
The flange bore is 
countersunk on the 
face side, and the 
pipe very slightly 
opened out [see also 
346]. The countersink 
is filled with fine soft 
clay, to prevent the 
speller from running 
away. Sometimes the 
heat has to be pre- 
vented from going up 
the pipe by filling it 
up with a plug of 
wood or cotton-waste, 
or, in large pipes, with 
an iron disc luted 
with fine clay. 

Fig. 846 snows the 
internal steam - pipe 
of a locomotive that 
runs from the tube 
plate to the regulator, 
it has a flange brazed 
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OOPPBBSUITH WOBK AND TOOLS 
846. Steam-pipe with flange and cone 847. Hollowing a 
hemisphere 348. Steam-dome covering 849. Hammers 
860. Stakes 


at one eiid» m in 846 , 
and a cone at the 
other. Both are 
bored to fit the pipe, 
and brazed when in 
a vertical position. 
The countersunk or 
burring over at the 
flange end will be 
noticed, and the recess 
in the top of the cone 
piece to receive the 
solder. The cone is 
covered with fireclay 
and plumbago during 
the brazing. 

All flanges to braze 
to copper pipe must 
be of pure copper, or 
of brazing metals 98 
of copper to 2 of tin ; 
or a mixture of 1 lb. 
of old copper to 1 lb. 
of brass tubes. If 
flanges arc supplied 
of ordinary gunmetal 
they will melt before 
the spelter fuses. In 
such a case the molt- 
ing pomt of the spelter 
must be lowered with 
slight additions of zinc. 

Hollow Spheres. 
Hollow spheres [847] 
are produced by 
hollowing in halves, 
which are brazed to- 
gether. The diameter 
of the due to form, 
when raised, the half of 
a sphere is obtained by 
the well-known pro- 
perty of the sphere — 
namely, that its sur- 
face 18 equal to that 
of its circumscribed 
cylinder, or equal to 
that of four aiscs of 
the same diameter as 
that of the sphere. 
So that the surface 
of each disc would be 
equal in area to that 
of two discs of the 
same diameter as the 
sphere, to which allow- 
ance must be added 
for seams. Hollow 
spheres are made in 
solid halves, or in 
halves as a frustum of 
a cone, and a bottom 
or pan cramped and 
brazed in ; the latter 
being sometimes more 
convenient than hav- 
ing to find metal for 
large discs. If a disc 
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851. coppersmiths' shop (Isaac Store} dt Sons, Limited, Manchester) 


be used, a circle is ntruck from the centre top. Wlicn this is not the case the cap piece 

having a diameter equal to half the diameter may bo cupped out in the solid, or it may be 

of the disc to serve as a guide for wrinkling made with a hole as shown, and a crown piece 

into cup or pan form first. Next, the wrinkles cramped on and brazed. 

are worked out with the hammer over a stake Fig. 849 shows a few only of the principal 
and smoothed, which is the stage in 847. An- hammers which have been referred to in this 

nealmg follows, and the wrinkling is repeated article. They are the hollomng (A), the planish- 
in courses. Then the Zogr, or angle between ing (B), the razing (C), the creasing (D), and the 

the sides and bottom, is hammered out on riveting (E). Fig. 860 shows some of the stakes, 

a stake, and the curve of the side and A and B being bullet stakes, straight and 

bottom produced. After ann^^aling, cleaning, cranked, C a horse with stake inserted in the 

and planishing, the halves are ready to go end, the angling of the horse liemg done to 

together. If the halves are produced each by enable awkward work to be tackled, 
cramping a bottom in a conic frustum, the Fig. 861 illustrates the coppersmithing shop 
conic frustum is formed by a cramped’ and of Messrs Isaac Storey & Sons, Ltd., at Man- 
brazed joint, and the bottom cramped and cheater. Instead of the traveller chains, it is 

brazed in. Afterwards the spherical form is fitted with swinging jib cranes and an overhead 

imparted by hammermg. traveller. Two pans are seen in the foreground, 

Dome Coverings. Dome coverings [848] one to the right cramped ready for brazmg, and 

are made in sheet brass in two pieces, a cylmder one to the left already brazed. The brazing 

and a crown, brazed with cramped joints, hearth stands just behind. 

The diagram shows the operations clearly. Behind the hearth the workman has a bend 
The foot is worked round by hammering, and pipe suspended over a mandrel sticking out from 

the top or crown in a hollowing block, or at the the mandrel block. At the extreme left-hand 

mandrel block m courses, anm^ahng bemg done lower comer a hemispherical piece is having its 

between the courses. After smoothing, it is wrinkles taken out by planishing. At the 

cramped and brazed, being slung on the traveller extreme right lower comer a condenser ia 

chain. The brazing is done in detail, one cramp b^ing fitted up. Various templets will bo seen 

at a time. The cover shown has a hole in the hanging on the right-hand wall. 

Continued 
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Aosim^iE FOOD FOR DAIRY STOCK 

^ Bang * Bdef Efiiiiiier«tioa of the Vktiotis Gtioses, For«|:e and Legn^ 

DAIKf rAMRira I nunoiw Cropi, and Conoeiitfmted Dry Foods saHahte lor Dainr Cattle 

oontliracd from pac« 9698 


By Professor JAMES LONG 

Value of the Graeeea. In supplying food grass in the Western counties. The systematic 
to the cow it is more advantageous, b^ause supply of manure, or the feeding of the cows 
more economical, to provide a mixed ration, upon cake, is followed by an increase in the 

where the animals are stall-fed, than food of one clover herbage, especiadly in white clover, and 

particular kind. Thus, during the grazing secison where a pasture or meadow is well stocked with 

a coi^ obtains upon the pastures, unless they clover and perennial ryegrass — the latter a rich 

be very inferior, a mixture of grasses, clovers, and importwt plant — ^its feeding vfdue is con- 

and omer herbage which not only Mong to siderabfe. 

different natural orders but which are differently Variettea of Graasea* The farmer should 
composed. Grass is the most important food make himself acquainted not only with the 
of the cow, and it is important in proportion to its obversand trefoils but with the superior and 
quality and variety. Grass, however, is a term inferior grasses [see pages 872 and 940]. Among 
applied to the herliage growing in pastures and the former are foxtail, coclrafoot, perennial rye- 
meadows, and is, therefore, as already observed, grass, catstail or timothy, hard fescue, tall 
a mixtaie of many plants. Both pasture and fescue, meadow fescue, and smooth-stalked 
meadow under careful cultivation for hay meadow grass ; while among the latter are red 
provide a minimum number of inferior graai^ fescue, sheep's fescue, die brome grasses, iionn 
and weeds and a maximum number of superior or creeping bent, Yorkslure fog, and tafl oatgraas. 
grasses and plants of the clover tribe, ^ioh. There are, however, many others of doubtful 
flowering at different periods, provide a succession quality. Among the weeds, yarrow or milfoil, 
of grow^, and maintain, therefore, a sufficient plantain, and bnmet are sometimes classed, but 
bite for graamg stock. Although cows may these and other plants whkib belpng to neither 
maze during a large part of the year, the the gram nor the clover famihes snd which are 
hmrbage is more or less abundant only between commonly found in pastoies sod meadows are in 
May and October, and unless the land be over- many cases relished by stock. The provision of 
stocked it is during this period that they improve Kquid manure, which sometimes enables the 
in condition and yield the largest quantity of scythe to cut four crops of grass in a season, as 
milk. Mature grass, partly owing to the fact employed in Scotland and Switzerland with 
that it contains more fibre than young grass, great advantage, very laigely increases the weight 
is of less value as a food. When young and of the crop; and this reme^ applies equalty 
succulent it is more nourishing and diratible, to ths employment of farm sewage. This manure, 
and when cut and dried it produces me best chiefly Ihe urine of tihe cattle, is distributed 
hay. There is no greater mistake than that over the land immediately after the cut grass 
uaoalW made by those who leave grass crops has been removed. It may be remarked that 
intended for hav until they have pass^ maturity its influence is not only owing to its marked 
in the hope of obtaining a la^er crop. The superiority over solid manure but to its liquid 
wefeht of bay gained may be greater, but character, gratifying to plants at a time in which 
quali^ is sacrifice. The value of hke the soil is dry. The extra labour involved is 

hay, depends largely upon its richness in digest- more than repaid by the largely increased crop, 
ible albuminoids, and the proportion of these Feeding in Hot Weather. Cows are 
materials pesent in a sample is greater when freqventfy fed on ryegrass manured with liquid, 
the grass is young. or upon forage crops of other varieties, lucerne. 

The Foods that Should SupplMnent vetches, clover, sainfoin, maize, green rye, and 
Grass. Where soil is in poor conation the cabbage, which are cut, and carried either to 
grasses are not only inferior in quality but in a dry pasture or to the stall in which th^are 
variety, nor do they grow so luxuriantly. The tethered during the hot days of summer. Extra 
result is that it becomes necessaiy to supply the labour is involved in the cutting and carting ; 
cows either with green forage crops to supplement but, on the other hand, labour is saved Ini^ 
grass or with meal or c^e in order to make better condition of the "ditches an d hedges, in 
up for its defleien^ in nutritive matter, and t^ driving of the cows to and from the fields, 
especially in the a^minoids. Where grass is in the prevention of their excited and roving 
luxuriant but deficient in clover herbage, an habits owing to the heat «-n d to flies, with the 
addition of a nitrogenous cake or meal is desir- result thatwey do not break Into the cornfields 
able [see page 2704], the clovers being the of neif^bours, involving damage and onfeiend- 
richest in ifitrogenous matter among the euHi- liness. In the Channel TaU y»5a gnd in some 
yated pasture plants. The rainfall is also an parts of the Continent, especially in France and 
important factor, and it is for this reason that Denmark, cows are frequently tethered upon 
corn-growing is common in the Eastern and grass, a stake, to which a rope or chain is 
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attached, being driven into the ground, and a 
limited Buwly allotted to each animal. 

Hay. In many parts of England hay forms 
the principal part of the winter ration. As we 
have seen, it varies in quality with the age and 
character of the grasses from which it is made. 
If the grasses were old before cutting, the stems 
may 1:^ chiefly composed of useless fibre, the 
nutritious portion of the plant having passed 
into the seed, which, where cutting is too long 
delayed, is often shed upon the ground. In 
such a case hay is of but uttlo value. Inferior 
hay contains a much smaller quantity of feeding 
matter than good hay. It may, nevertheless, 
be utilised if the feeding matter which has been 
lost be added in the form of cake or meal. Where 
hay is employed as a leading food a cow may 
receive from 101b. to 25 lb. daily in accordance 
with what is supplied in the ration in addition. 
First-rate hay is usually too valuable to employ 
with freedom for milk production, especially 
when prices are high and when other foods conling 
Jess will secure an equally good result. (5ood 
hay is the best balanced of all dry foods. Owing 
to its fragrance and sweetness it is agreeable 
to stock, and from this point of view cannot be 
replaced, but for the production of butter and 
cheese it is inferior to grass. Early cut grass, 
which contains moro moisture, demands greater 
care in making and stacking. 

Forage Crops. The forage crops are chiefly 
grown for the dairy herd on tlie arable farm, 
but the grass farmer is wise in planting a small 
area, though succulent food may be employed 
during the months of July and August, when the 
pastures are frequently bare. Forage crops, 
without exception, are less well-balanced than 
grass, and therefore less useful when supplied 
alone. Unless they be mixed, aa where oats or rye 
are grown with vetches, they should be supple- 
mented with cake or meal to prevent loss by 
waste. Foods like lucerne, vetches, and clover, 
which are exceptionally rich in albuminoids, 
should be supplemented by a dry food rich in 
carbohydrates, while foods like green maize, 
rye, and cabbage, should in their turn be sup- 
plemented with a rich albuminous food like 
cotton-soed meal, bean-meal or pea-meal [see 
I’able, page 2704]. If there bo no addition the 
excess of albuminoids in one food is not utilised, 
while the excess of the carbohydrates is similarly 
lost in another. 

The remarks upon foods which follow supple- 
ment those already made on pages 2702-6 and 
2904-9, and refer to the special feeding of 
milking cows. 

Leguminous Crope. Among the legu- 
minous crops which are most suitable are' 
lucerne, sainfoin, vetches and the clovers. 
Lucerne [page 1197] should, however, be given 
with food rich in starch. Sainfoin yields 
15 tons to 17 tons per acre, and is twice 
cut. Like lucerne, it makes superb hay, and 
is suitable for cows, especially when rice-meal 
or maize-meal are added. Vetches or Tares are 
only once cut, although, when cut early a small 
growth follows. The winter vetch seed mixed 
with oats or rye provides a more suitable food 
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for cows, coming early in spring, when they may 
be followed by spring vetches which are good in 
late summer and autumn. Like all similar 
succulent forage plants, the vetch should be cut 
a day before using. If supplied to the cows quite 
fresh, it may cause hovon, or distention of the 
abdomen, which is sometimes followed by 
death. The Clovers [pages 940-1] include the 
broad red, crimson and white trifolium, 
incarnatum. alsike. and trefoil, which are the 
most suitable as cow foods. They should, 
however, to be perfectly suitable, be mixed with 
grasses or fed on the pastures, or, if in stalls, 
supplied in conjunction with meal rich in starch, 
as already shown, (^ows may be tethered on 
either tlio red or alsike variety, after becoming 
accustomed to the process. Where clovers are 
grown with ryegrass or catstail they provide 
a better balanced food. 

Various Forage. Cabbage is grown on 
many soils and to groat weights per acre. By 
the aid of cabbage, forage crops and roots, cows 
may bo fed through the entire year on natural 
succulent rations. Kale, a variety of the cabbage 
tribe, may be cut twice. Rye [page 874] is 
perhaps the earliest of all spring green crops. 
The average yield is from five to six tbns per 
acre, but owing to its early harvest its value is 
out of proportion to its small yield. Maize 
[page 1198] is essentially carbonaceous. Owing 
to its sweetness it is relished by cows, and 
produces no waste. 

Roota and Tubers. The plants supplying 
these foods are costly in cultivation, but they 
have a double value inasmuch as they enable 
a farmer to clean his land, which they occnp> 
with advantage in his rotation. 

The Mangel (page 942] is the most important, 
although, owing to climate, it is generally sup- 
plemented by the swede in North Britain. 
It is harvested in October, clamped, or pitted, 
and usually supplied to cows from January 
forwards, keeping until after midsummer, 
although, owing to chemical changes, its feeding 
value, like its weight, is diminished. Since 
certain varieties are much richer in nutritive 
matter than others, while other varieties are 
greater cropiiers, the grower should endeavour 
to fix upon the variety which returns him the 
greatest weight of digestible matter per acre. 
From 20 lb. to 60 lb. daily may be supplied to 
each cow. The yellow tankards and globes are 
preferable to the long reds. 

Swedes and TurnijDS are commonly used for 
dairy stock. The approximate percentages of 
diy matter in sugar in the various bulbs referred 
to is shown by the following figure, the result 
of the work of the late Sir Joseph Gilbert. 


KooU. 

Dry 
matter 
per cent. 

Hufcar per cent. | 

In fresh 
roots. 

In dry 
matter. 

White turnips . . 
Yellow turnips. . 
Swedes . . . . 

Mangels . . 

8-0 ! 
9-0 
11*0 
12*6 

3}to41 

4 toS 

4 to7 
71to8^ 

44 to 56 

44 to 66 

66 to 64 

60 to 68 




S'wedes and tnmipB may be pulped, elioed, or 
cooked for mixing with the cow's ration of 
chaff, greens, and meal. 

KM-rabi is but little used by the dairy 
farmer, although those who grow it for cows 
speak of it in high terms and in some oases prefer 
it to any similar food. Kohl>rabi keeps well 
throughout the winter, and communicates no 
ill flavour to the milk. 

Probably owing to its sweetness, the Oa/rrot 
is much relished by milking cows. Owing to the 
richness of the carrot in carbohydrates, it should 
be supplemented, .when suppli^ in large quan- 
tities, by foods, such as cotton-cake, which are 
rich in ubuminoids. The crop, when carefully 
stored, keeps well through the winter. The 
leaves may^be fed with advantage. 

The Parsnip [page 045] provides 12^ per cent, 
of digestible dry matter in its roots, per cent, 
in its leaves, of which in each case about 10 per 
cent, are carbohydrates and 1|: per cent, albu- 
minoids. It flourishes on a similar soil to the 
earrot, keeps well, but is not so much relished. 
The b^t field cropper is the Jersey hollow crown. 

The Potato crop, when abundant and cheap, 
Is frequently employed either cooked or raw. 

Concentrated Dry Foods. These foods 
are chiefly the by-products of the milling 
of grain, of the processes of oil extraction from 
seeds, and of the manufacture of sugar, starch, 
and alcoholic drinks. 

Linseed Cake [page 2907] is more useful for 
mixing with cotton cake than for employment 
abne in a ration. It should not be too hard, 
containing not less than 10 per cent, of oil, 28 
per cent, of digestible carbohydrates, and 23 
per cent, of digestible albuminoids. It is of 
hi^ value in the rearing of voung dairy stock. 
When broken it weighs 43 lb. to the bushel, 
llie product of the cotton seed is used in three 
forms for cows — as meal, decorticated cake, 
and the common, or undeoorticated, cake. The 
last-named is hi^ly fibrous, and if less costly, 
is much less economical, as reference to the 
composition tables on page 2907 will show. The 
meal and the best cake are highly relished by 
cows, are of great value for milk and butter 
production, and are believed to make butter 
miner than any other food. 

Bivpe Cake possesses a disagreeable flavour, 
althou^ it is very rich in feeding matter, and is 
consequently used in various patent foods. 
Owing to the small demand its price is low ; 
but when used for cows patience must be exer- 
cised in inducing them to eat it readily. 
Another useful food, but little used in this 
country, is Palmnat Oahe^ which is readily eaten 
by cows. It is extremely rich in oil, and, when 
ODtainable at £5 a ton, it is most economical. 
Bean-mead is 
50 lb. to the 


nutritious, and 

iel.’ It is useful for employ- 
ment with roots, cabbage, straw, inferior hay, 
rice or maize-meal Pea-meal is richer than 
bean-meal, and may be similarly employed. 
English peas, however, like Eaghtm beai^ are 
UBoally too costly for cows ; hence, imported 
pulse is emi^yed. Lenl&a are frequent^ placed 
on the market, and if poor in on, are i^h in 
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the other feeding oonstituente. Lentils wei^^ 
63 lb. to the bushel. Eice-mecd is extremely rich 
in starch and should be used on that basis alone. 
It should never be used without analysis. 
QhUen Meat is a residue in the manufacture 
of starch from maize. This is an American 
product of high value, when it is pure*; but it 
is only in its experimental stage in this county. 
Bran [fl | is a most valuable ad^tion to the ration 
of the cow. Bran weighs 17 lb. to the bushel. 
Sharps or coarse pollards, like middlings, which 
are still finer, but richer in starch, are both 
useful foods when prices are low, and although 
less laxative, they are as rich and as sweet as bran. 
Maize-meal, which weighs 47 lb. to the bushel, 
is a highly concentrated and valuable food, 
largely used when the price is low. Compared 
with the oat, it contains 50 per cent, more 
feeding matter, weight for weight, wh^n pnces 
are identical. Maizo-meal is especially valuable 
when cows are fed upon hay, herbage, or 
forage crops unusually rich in albuminoids. 
Maize Oerm Meal is a comparatively new food, 
is rich in all the feedmg constituents, and 
when pure and costing £4 to £4 10s. a ton, is a 
very useful addition to the ration of the cow ; 
it is, however, frequently adulterated. 

Oats [page 873], althou^ a costly food, 
owing to its low weight, its pnce per bushel, and 
the proportion of husk or fibre, is one of the most 
valuable for milk production. A good oat, 
weighing 40 lb. to the bushel, and costing 20b. 
per quarter of eight bushels, provides 177 lb. of 
digestible feeding matter at a cost of about lls.6d. 
per 100 lb. A quarter of maize weighing 60 lb. 
to the bushel, and purchased at a similar 
price per quarter, produces 340 lb. of digestible 
feeding matter at a cost of about 5s. 9d. per 
100 lb. Thus, in purchasing foods it is essential 
to consider not only the price per quarter or 
per 100 lb, but the actual cost of the feeding 
matter which each food contains [see page 
2705]. Some allowance, however, may be 
made, as in this case, owing to the mechanical 
superiority and better balance of the oats as 
compared with maize. 

Qralns are obtained from distillers and brewers 
in a wet, and from merchants in a dry, or 
desiccated, form. They mix well with chaff 
and other foodsT Dried grains may be used 
with confidence and success if the water be 
carefully added a day before they are to be 
used. They weigh 20 lb. per bushel. Brewers* 
grains are richer in phosphoric acid and lime 
than the barl^ from yrhiok they are produced. 
Malt Calms, Germs, or Sprouts, are the small 
dead radicles, or rootlets, of barley which has 
.Ibeen malted. They are sweet, of agreeable 
flavour and odour, and well adapted for mixing 
with ohaft and pulped roots. 

The straws of cereals and pulse are of high 
value inasmuch as they provide the padd& 
which is so essential in me feeding of an animiu 
with such a capacious belly as the cow. The 
best straws are oat and pea, but vdieat, bean 
and vetch straw are sometimeB used. A1 
straws are preferably chaffed, or diopped, lo: 
mixing with rations. The chisl foeokig cem 
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stituenta are the oarbohydyatea and the cellulose, 
of which about one-half are digestible in the 
cereals and slightly more in the pulses. The 
pulse straws not only provide more feeding 
matter, but they are richer in albuminoids. 

Adulteration. In the course of these lessons 
wo have often referred to the adulterations to 
which dry foods are subjected, and the analyses 
undertaken by specialists and others holding 
appointments under the various county councils 
and agricultural societies. In the detection of 
adulteration the microscope is of the gi-oatest 
use, for it is frequently only by it that admix- 
ture of foreign substances can be found out. 
Many vegetable substances, when viewed under 
it, exhibit characteristic markings or general 
appearances which serve to identify them and 
to indicate their presence ; whereas, the 
^fierences of chemical composition as set out 
in the figures of an analysis would not be 


sufficient in themselves to indicate this. We 
give on this page an intero-iting series of micro - 
photographs taken by Dr. J. Augustus Voelcker, 
Chemist to the Royal Agricultural Society. 
These show how the presence of certain forms 
of adulterants can be detected. In the top row 
are given the microscopic appearanoes of bran 
[8], coffee husk [9J, and a sample of bran 
adulterated with coffee husk [10]. The cross- 
linear markings of the coffee husk are very 
clearly indicated. 

In the second row are shown the appearances 
of linseed [11], corn-cockle seed [12], and of a 
sample of linseed coke containing these two 
mixed [18] Rape [14] and spurry [16] are 
other seeds that frequently occur as adulterants 
of linseed in linseed cakes. They each exhibit 
characteristic markings when viewed under the 
microscope. Fie. 15 shows the occurrence of 
rape with linseed in a sample of linseed cake 
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Herts's Detector. To observe the 
waves thrown off from the oscillator, Hertz 
employed detectors which we should now think 
very inferior and insensitive ; but they enabled 
him to detect the presence of electric waves in 
other parts of the larse room where he was 
working. He employed a very simple device — 
namely, another circuit with a very minute gap 
in it, across which sedentary sparks could be 
seen to pass. Suppose we make a second 
piece of apparatus exactly like the first, with two 
metal plates, as wings, joined together by a rod, 
but with a minute gap, B, at the middle. The 
gap must be minute — about of an inch — 

otherwise the induced electromotive forces may 
not be able to make the electricity jump across 
as a visible spark. Let these two pieces of ap- 
paratus, the oscillator and the detector, be set 
up, as in 236, a few feet apart from ojie another 
in a big room. Let an induction coil or an 
influence machine be used to excite the oscillator 
and cause sparks to occur at A, tlien each such 
spark sets up oscillation in the metal of the 
oscillator, and each oscillation sets up a wave 
in the space around it. These waves spread 
invisibly through the room, and some of them, of 
course, fall upon the extended wings of the 
detector ; each wave as it reaches the detector 
sets up an electromotive force in it, tending to 
move electricity from one wing to the other 
and back again, with the result that a new 
actual oscillation is produced in the metal of the 
detector, and if the stimulus so received bo 
sufficient, there will be minute sparks seen — 
a spark at B every time there is a spark made^at 
A. Hertz used principally a detector of even 
simpler form— namely, a mere ring of wire, 
or a plain rectangle of wire (as is shown in 
287) having a minute spark-gap in it. When 
once the sparks have been seen with the two 
pieces of apparatus a few feet apart, and the 
apparatus is in proper adjustment, it is easy to 
detect them when the distance between the oscil- 
lator and the detector is increased. Hertz was 
able to show that these electrio waves could be 
reflected from a Iwge sheet of metal, or coUected 
a parabolic mirror, or refracted through a 
prism of pitch ; in fact, that they behaved like 
waves of ught, but were quite invisible. 

Other Detectors, Very soon other 
and more sensitive detectors were de^sed. 
Highi proposed to lay a long strip of metal foil 
on glass, and divide it across the middle with 
a knife, to form a minute spark-gap. M. Branly 
discovered that a heap of metal filings possesses 
the very curious property that, though it is 
usually a very bad conauctor for electric currents 
because of the innumerable imperfect contacts 
between its particles, it yet becomes a much 
better conductor when an dectric spark is made 
anywhere near it. Lodge and Fitsgerald found 
the imperfect contact made by a pointed wire 
resting against a metal plate to be sensitive to 
the action of an electric wave. Such imper- 
fect conductors he called coherers, because the 
aetkm of the waves was apparently to make 
into better contact 'Taking 
ttdvasitage of Brasdy’e observation hetconstnictoa 
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coherers of metal filings enclosed in a small 
glass tube between metal rods inserted at the 
ends ; and these proved very sensitive. He 
found that they required to be tapped after 
each operation to cause the filings to decohere ; 
and proposed methods of automatic tapping. 
Fig. 288 illustrates Lodge’s filings-coherer. 

Coherer aa ReceiTer, The method 
in which the coherer was used to receive or 
detect the electrio signals is as follows : The 
coherer is connected to one voltaic cell and to a 
suitable galvanometer, all included in a simple 
circuit, as in 28B. The coherer has so poor a 
conductivity that practically no current passes. 
Directly an electric wave, however, falls upon 
the coherer, or upon the wires attached to it, 
it sets up oscillations, and probably also sets 
up minute sparks in the gaps between the 
filings. Whether this be so or not, it makes 
the coherer conduct better, so that the single 
cell of battery can send a current through 3ie 
galvanometer, which thus signals the reception 
of the wave. The coherer must then be tapped, 
when the galvanometer deflection at once 
disappears in readiness for receiving the next 
signal. Lodge found considerable advantage 
in fastening on to the end of the coherer an 
extended piece of wire projecting out as an 
an/enna to receive the wave. In some of his 
early experiments he enclosed the whole of the 
receiving apparatus in a tight metal case to 
exclude the effects of any stray waves, the only 
thing that projected out from the box being 
the receiving antenna. As such coherers are 
far more sensitive than Hertz’s spark detector 
the distance between sender and receiver may 
be increased up to two miles or more, depending 
on the power of the transmitting apparatus. 

Other Oecillatora, Various other forms 
of oscillators were proposed by various ex- 
perimenters. Lodge found that an exceedingly 
powerful emitter was made by a single polished 
metal ball between two smaller balls, lis in 240. 
Righi proposed two metal baUs immersed in 
oil, and also an arrangement [241] of two 
metal balls placed between two smaller 
which sparked into them. Marconi 
patented the combination of a particulaor kind 
of receiver with a transmitter having one end 
of its sparking appliance connected to earth 
and the other to an insulated conductor. In 
practice he adopted the device of a tall mast, 
with a spark-gap between two metal balls, one 
of which was joined to the mast and the other 
to the earth. Jervis-Smith found better oscilla- 
tions if the sparks were made in compressed 
air. 

Wawea Emitted 'by Oecillafora, 

In a simple upright Hertz oscillator such m 
285 or 242 the two capacity-areas or plates at 
the top and bottom ends of the oscillator are 
the places which become most highly charged, 
the middle part of the connecting system being, 
as it were, a node in the potential wave. The« 
same would be true of the same apparatus if 
used as a detector; the ends are me {daces 
which reoeiveihe maximum changes of potentkd. 
The middie part, on the other Ja seat 



of tile vIraigMt oumntB. But this is no longer 
the oeae S the oeoillator (or the receiver) is 
earthed as to the lower half ; for then the earth 
takes the place of the lower half, and the node 
in the potential wave occurs Just above the 
earth, and half-waves [244J are sent out. 

“ We thus,” says Professor Fleming, “ arrive 
at the conclusion that if a vertical rod is set up 
in the air, and at its lower end there is a spark- 
ball in opposition to another spark-ball con- 
nected to an earth plate, that this arrangement 
constitutes electrically one-half of a Hertz oscil- 
lator; and the system of electric and magnetic 
force created, vhen oscillations are set up in 
the rod by charging it and discharging it across 
the spark-gap, is the same as that on one-half 
of a Hertz linear oscillator.'’ 

Earthed and Non-earthed Oacil la- 
tere. Imagine a Hertz oscillator, entirely 
insulated, 2^ ft. high, with its node at the 
middle as in 242 . Cut off its lower half just 
below the spark-gap and plant it in the earth : 
it will then act with the same frequency as 
before, but will send out waves of a different 
typo — that is, half-waves, with the node at the 
bottom, as in 248 . Since, in this case, the earth 
takes an essential part in the transmission of 
the waves, as in 244 , it must be of good con- 
ductivity, wot soil, or sea. Earthed apparatus 
does not work well over a dry desert. The 
movem^t of the half-loops of electric force 
outward from an earthed oscillator — that is, a 
“ Marconi aerial," as distinguished from the non- 
?arthed oscillators used by Hertz, Lodge, and 
others — ^is hindered by baA conductivity on the 
surface of the earth, but is helped by a feirly 
good conducting surface such as that of the 
ocean. On the other hand, for non-earthed 
oscillators emitting whole loops of waves as in 
285 , the action of the conductiiig surface of the 
ear^ is no help, or is even detrimental. 

As the frequency of the oscillations is deter- 
mined by the capacity and self-induction of 
the apparatus, it will clearly depend on the 
length from the node to the ends, and on the 
surface it presents ; also, any coils introduced 
into it will increase its self-induction and lengthen 
the waves. Any oscillator which, like Lodge's 
poliched ball, has relatively large surface and 
small self-induction, will radiate so freely that 
the wave-train will die out after very few 
oscillations. If the wave-train is thus very 
short, the detector cannot be tuned to it with 
any accuracy*, and any untuned detector within 
ra^e will pick up the waves. 

Early WIraleas Signalling. Apart 
from the researches of Hertz, the earliest 
exhibition of wireless telegraphing was that 
of Sir Oliver Lodge, who in 1894 sent wireless 
signab through stone wails and from one build- 
ing to another, using as detector a filings coherer 
as described above, the system beii^ untuned. 

There are severid modes of using coherers 
in the reoeiving circuit. (1) The coherer may 
be oonneoted in series with a single cell and a 
galvanometer, or a direct telegraphic instru- 
ment, such as a siphon-recorder. This is 
Lodge’s plan. (2) The coherer may be put to 


earth in circuit with a smgle cell and a sensitive 
telegraphic relay, which in turn actuates an 
ordmary Morse instrument, printing dots and 
dashes. This is Signor Marconi^ method. 
(3) The coherer may 1^ placed in circuit with a 
single cell and an ordinary telephone receiver. 
Thus, at the instant when the coherer changes 
its conductivity, a click is heard in the telephone. 
This is the method of Jervis-Smith and Castelli. 
For use with his method Marconi adopted a 
coherer consisting of metal fflings in a V-shaped 
gap between two metal plugs in a glass tube, 
as 245 . For the third method, Castelli used a 
coherer with two drops of mercury between 
plugs of iron and carbon [ 246 ]. More recently. 
Lodge has adopted as a solf-restonng coherer 
a small revolving steel wheel, slightly oiled, 
dipping into a drop of mercury [ 247 ]. 

ITsing a Righi oscillator, and a fflings coherer 
with a relay, Marconi was able, in 1896-7, to send 
wireless signals 250 yards across the Thames; 
and with the help of the Post Office engineers 
he sent signals several miles. To extend tlie 
range he then adopted the plan, now claimed as 
essential to his system, of using a tall mast like 
a lightning conductor one end of which is in good 
connection with the earth, and called an aerial 
wire," or “ antenna," or “ earthed vortical 
oscillator." Using masts of 120 ft. or more 
high, he had, by the end of 1898, been able to 
signal from 12 to 20 miles. 

The Jigger, or Oeclllation Trans- 
former. Owing to tho circumstance that 
the simple Marconi aerial resembles the Hertz 
oscillator in possessing a large radiation decre- 
ment, it cannot send out such trains of waves 
as would be required for syntonic working. In 
none of these early operations could tuning be 
secured, and they were liable to interference 
from stray disturbances in the atmosphere. If 
a source of persistent oscillations could be 
applied, the receiving apparatus could then be 
tuned to the sending apparatus, and the whole 
system would thereby be rendered far more 
sensitive for long-distance work. To accomplish 
this, the sending apparatus must in some way be 
linked up with an oscillation-circuit, such as was 
described on page 3749, and the distant re- 
ceiving apparatus should similarly be provided 
with an oscillation circuit ; then the two can bo 
tuned together to the same frequency of oscilla- 
tion. Tliere are more ways than one of associat- 
ing the wave apparatus with an oscillation 
circuit. Tho most usual one is by means of an 
osoillaticm transformer, called m telegraphic 
slang a jigger^ and is du<* to Sir Oliver Lodge. 
This induction transformer is a simple arrange- 
ment for a primary coil of one or two open turns, 
surrounding or surrounded by a secondary coil of 
a larger number of turns. 

Increasing the Range. A simple form of 
Lodge's device is illustrated in 248 and 249 , in 
the mrmer of which a jigger is arranged for trans- 
mitting, while in the latter it is for receiving. J is 
the jigger, represented by two separate spirals ; 
K is the condenser ; A the spam-gap ; E the 
cell ; C the coherer ; G the siphon-recorder or 
galvanometer. Apart from riie advantage of 
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tuning, there is another advantage in putting an 
oscillation transformer into the receiving circuit. 
For at the node of the receiving circuit the 
potential is a minimum, and the current a 
maximum ; therefore, as a coherer depends on the 
potential, and not on the current, the node is 
a bad place in which to insert the coherer, as 
was done in the early operations. By placing 
in the node the primary of the transformer, and 
inserting the coherer in the secondary, the 
increased voltage so applied to the coherer was 
found to increase its sensitiveness vastly, and 
therefore greatly extended the range of working. 
Marconi, being desirous of working over still 
greater distances than those already covered in 
1899, adopted the jigger into his receiving 
arrangements, and was able thereby to extend 
his range to 86 miles, without even tuning. 
For transmitting oscillations the transformer was 
constructed as follows : It consisted of a square 
wooden frame, wound over with a number of 
lengths of highly insulated, stranded, copper 
cable, joined in parallel so as to make a primary 
circuit of one turn. In some cases, two or more 
turns may be employed. Over this was wound 
a secondary of five to ten turns. The oscillation 
transformer was usually immersed in oil. 

Magnetic Detectors. Rutherford, now 
of Montreal, discovered in 1895 that electric 
waves can exercise a demagnetising influence 
upon a highly magnetised small steel needle ; 
and he made a magnetic detector of waves on 
this principle. He was thus able to detect the 
waves of a Hertz oscillator half a mile away 
across the town of Cambridge. The waves 
produced an oscillatory current, which was 
carried through a small copper wire coil around 
the magnetised needle. Seven years later, 
Marconi described a modified form of magnetic 
detector, in which an endless band of thin iron 
wires moving past a hxed magnet becomes 
magnetised, and is subjected to the demagnetis- 
ing action of an oscillation coil connected to the 
receiving circuit. The inductive action sets up 
sounds in a telephone. Other magnetic detectors 
have been devised by Wilson and by Fleming. 

Transatlantic Wireless Telegraphy. 
Determined to succeed in sending electric 
waves across the Atlantic, Signor Marconi, 
aided by Professor Fleming, constructed a 
powerful transmitting station at Poldhu, in 
Cornwall, and has since erected similar stations 
in Italy and at Cape Cod and Cape Breton. 
These stations have each four tall lattice towers 
between which is suspended a conical web of 
aerial wires. In a power-house an alternator 
generates powerful idtemating currents, which 
in turn act on spark-gaps, producing oscillations 
of tremendous energy. From the station at 
Poldhu signals can be sent from 2,000 to 3,000 
miles over the ocean, and have even been 
detected in the Mediterranean and at the Russian 
end of the Baltic. The Atlantic liners can be 
signalled to at any point of their journey, 
though the apparatus they may carry may not 
be powerful enough to signal back more than 
200 or 300 miles. 


German Developmente. Professor Slaby, 
of Berlin, in association with Count Arco, 
and with the Allgemeine Company, has de- 
veloped another system. In this an oscilla- 
tion circuit is associated with the antenna in a 
way different from Lodge’s. Slaby uses a second 
and horizontal antenna branching of! from the 
vertical antenna near the ground. In this 
auxiliary antenna the spark-gap can be in- 
serted at a place near the node ; and the oscilla- 
tions set up in the horizontal branch sot up a 
similar set in the vertical one. For receiving, 
the coherer is inserted in the branch antenna, 
not near the node but at the other end, between 
the branch and the earth. For sjmtonic work- 
ing, oscillation transformers are introduced 
between the branch antenna and the spark-gap 
or the coherer as the case may be. 

Professor F. Braun independently developed 
special arrangements for the inductive coupling 
of a closed oscillation circuit with an oscillation 
circuit suitable to emit electric waves. As 
condensers he used glass tubes partially covered 
inside and outside with a silver coating. 

The devices of Slaby, Arco, and Braim have 
been taken over by a single interest and operated 
under the name of the Telefunken system. The 
name Telefunken signifies distant sparking 
American Developments. In the 
United States several inventors, De Forest, 
Fessenden, Stone, and Shoemaker, have devised 
particular methods of wireless telegraphy, all 
of them claiming certain advantages. De Forest 
has produced several forms of detector which 
do not depend on the coherence between metallic 
powders or imperfect contact, but upon elec- 
trolytic phenomena. It was previously known 
that a film of moisture between two strips of 
tinfoil on a glass plate would act as a detector, 
and required no tapping. De Forest has used 
two small electrodes in water, in circuit with a 
telephone. Like Marconi he emnloys a tall 
mast. Fessenden has devised a aetector con- 
sisting of a veiy thin platinum wire sealed into 
a glass bulb. The feeble oscillations which are 
sot up in the receiver, passing through this wire, 
heat it, momentarily mcrcasmg its resistance. 
This device he calls a barretter ^ and it is included 
in a local oircuit with a single cell and a telephone. 
He has found that a liquid barretter can be made 
with an electrolyte in a glass tube of extremely 
fine bore. This acts in the opposite way by 
decreasing its resistance. 

Present Position of Wireless Tele- 
graphy. Briefly, the present position is 
this: For the Atlantic service, the Marconi 
Company stand alone, and they have equipped 
the principal passenget ships of the Cunara and 
other companies. A much greater number of 
stations (over 400 altogether) in various parts 
of the world have, however, .been equipped 
with a difierent system, that of the Tele- 
funken Company. For overland service, on 
account of its not using any earth con- 
nections, and for its great perfection in 
working, the Lodge-Muirhead system is dis- 
tinctly ahead. 
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By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, BJV. 

SOUTH AUSTRALIA district. Gawlcr, north of Adelaide, is in a 

COUTH AUSTRALIA was first settled, as the w^heat growiM district. The richest copper 

^ suggests, round tiie inlets of the south mines are at Wall^oo, on Spacer Gulf, and at 

coast. It now stretches across the continent and Moonta, a few miles inland. In the Northern 

ooversm700sq.miles.thenorthempartforming Territory is Palmerston, overlooking the fine 
the Northern Territory [186, page 3699]. Settle. harbour of Port Darwm. 

ment is at present mainly oon&ed to the south. WEST AUSTRALIA 

The colony, as a whole, is hat, though in the West Australia (975,000 sq. miles) is the largest 
centre the Macdonnell and James Ranges reach of the Australian colonies. The greater part of 

5,000 ft. In the south the Flinders Range rises the interior consists of a waterless plateau, dotted 

west of the Murray, and is continued by the with lakes, which, in the dry season, are glittering 

Mount Lofty Range, ov^looking Adelaide. surfaces of dry salt and mud, and tilled with 

Much of the southern part is a region of lakes, brackish water after the infrequent rains. This 

some, like Lakes Eyre and Torrens, being large, plateau comes down to the sea on the south coast, 

but varying greatly in size at different seasons, forming the harbourless cliffs of the Great Bight, 

others being mere chains of lagoons and holes. Along the west coast its higher margin rises 

All are salt and low lying. Lake Eyre being above the coastal plain, which is of varying width, 

probably below sea-level. The only river of im- In tlie Stirling Mountains, which rise behind 

portanoe is the Murray, which enters the sea Albany, these marginal heights reach 3,600 ft. 

through Lake Alexandrina. in the extreme south ; but in the Darling Range, 

Climate and Reaourcea. The Northern which runs north for 300 miles, they do not 

Territory lies in tropical latitudes and has a exceed 1,500 ft. Further north, the plateau 

heavy summer rainfaU along the coast in the margin recedes 200 or 300 miles from the west 

monsoon region. Both summer and winter coast, rising in the Kimberley region in the 

temperatures are high. There are tropical forests north to 2,300 ft. [185, page 3699.] 

along the coast, which is fringed with man- The rivers are oonffned to the western coastal 
ffioves, while there ore dense thickets of pa^- region, rising in the highlands already mentioned. 

hark tree along the rivers. The centre is dry. As the interior is extremely dry, many of them 

and passes into desert. As the south coast is are mere empty watercourses, except after rain, 

approached, the salt bush appears, forming a poor The Swan, at the mouth of which Fremantle 

pastoral region on which one sheep per ten or has been constructed, is the most important, 

more acres is the utmost that can be supported. Varietlea of Climmte. The climate of 
The rainfall of Addkide is about that of the West Australia is tropical in the north, with 

drier parts of hkigland, and falls chiefly in wintm*. a summer rainy season. This forms the Kim- 

Long spells of mx>ught are very common, and berley region, the coastal portion of which 

seem to recur periodically. bears tropical forests, and permits of Stock- 

Much of the Northern Territory will never be keeping in the river vallc3n». Among the 

anything but desert, but if imderground water stock are cam^, introduced from India and 

could be tapped by artesian wells, laigc tracts South Australia for transport in the desert 

might be made available for pastoral and agri- interior. Away fropi the coast, the climate 

cultural settlement. In the southern port of rapidly becomes extremely dry, and the greater 

the colony sheep farming is by far the most part of the colony is stony or sandy de^t, 

profitable employment, but agriculture is spread- beaming little vegetation but tne dreaded spinifox. 

ing in the Murray Flats, and may develop with A tongue of desert, marked in maps as the Eighty 

irrigation. A oonsideni^le acreage is under Mile Beach, extei^ to the coast north of the 

wheat, but ^ough the quality is very fine, the Pe Grey River, separating the Kimberley region 

yield is extremely scanty. Soil and cumate are from the more temperate portions of the colony, 

suitable fat fruit growing, and the vine, fig and In the latter the summers are cooler, and the 

olive do well. The mineral wealth is chiefiy rainfall along the coast moderate in quantity, 

in copper, [See Agbicultube, page 8236.] The most thickly settled portion is the ooast^ 

The towns of South Australia are strip from Geraidton to Albany. Most of this 
generaUymiiaUtowiifdupsofafewhundredinhabi- region has a Mediterranean climate with winter 
tants. Adelaide, the capital, is finely situated on rains, and can raise cereals and fruits, the vine 

file Torrens, near the base of Mount Loft^. The axid orange doing especially well. The fovssfe 

city has fine streets and buildings, and is sur- of the south-west contain matmificent timber, 

miaded by a bioad bdt of parks. Mount including the mganticiarrahfoidluurriettoalypto 

Gambaer, in the extreme south-east, near the Away from the coast the plateau is extiwiely 

Vletodan boumltty, is the centre of a feitile dry, and the populathm has not penetrated 
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more than 600 miles inland, attracted by the 
sensational discoveries of gold. [Sec^ Agricul- 
ruRB, page 3235.3 

The Rush to the Goldfields. A solid 
belt of auriferous country, only interrupted 
by the Eighty Mile Beach, appears to stretch 
along the edge of the plateau from north to 
south. Tlie tropical goldfields are difficult to 
develop, owing to the exhausting nature of the 
labour, which in these latitudes cannot be done 
by white men. 

In 1891, the population of the whole colony 
was under 50,000, but the discoveries of 1892 
in the Coolgardie region immediately led to 
an inrush of population. “ Tlie track, which 
ran eastwards through the primeval bush, was 
a curious sight in those days. Heavy waggons, 
laden with flour, chaff, and whisky, lumbered 
axle-deep through the mud, drawn each by 
its team of a dozen great horses in single file, 
for 1893 was a wet season.” Now, a railway 
from Perth runs to Coolgardie and the sur- 
rounding goldfields, the richest of which is 
Kalgoorlie, some twenty miles beyond Coolgardie, 
in the desert. To drive the engines and fill the 
sluices of the Kalgoorlie mines, water is pumped 
for more than 200 miles through steel pipes from 
reservoirs near the coast. At Kalgoorlie is the 
famous Golden Mile, containing half a dozen 
of the richest mines known. Other well-known 
fields are the Murchison, the Yalgee, the Yilgam, 
the Mount Margaret, and the Dundas, and many 
rich goldfields are doubtless waiting discovery. 
The pioneer prospector in these waterless 
regions takes his life in his hands, and should he 
be successful, and return safely to civilisation, 
the almost prohibitive difficulties of transport 
and water suppljr have yet to be overcome. 
The cost of living on the goldfields is ex- 
tremely high, and since the inrush the colony is 
unable to raise food enough for its population. 
The total value of the gold obtained in West 
Australia in 1903 was approximately £8,770,000. 

Towns. Perth, the capital, is situated on the 
Swan River, some ten miles from Fremantle at its 
mouth, the chief port of the colony. Geraldton, 
the most important town north of Fremantle, is 
the port for the Murchison district , which, in 
addition to gold and minerals, produces wool. 
Cue, the chief town of the Murchison Goldfields, 
is some 300 miles inland. 'Coolgardie and Kal- 
goorlie are both connected with the capital by rail. 
The chief town in the south is Albany, on King 
George’s Sound, a coaling station for the British 
Navy, and a place of call for many steamers. 
TASMANIA 

Tasmania (26,000 sq. miles) is somewhat 
smaller than Scotland, which it rather resembles 
in sceneiy. The interior consists of a plateau, 
cut by the valleys of the rivers, and rising, in 
Ben Lomond in the north-east and Mount 
Cradle in the north-west, to over 5,000 ft. [187]. 

The picturesque lake, river, and mountain 
scenery make Tasmania a favourite summer 
resort for Australians. Lying in the track of 
the westerly winds, it has an equable climate, not 
unlike that of Southern England, and rain at all 
seasons. At the time of its discovery it was 

3900 


covered with forests, which have been partly 
cleared for agriculture and sheep farming. They 
still provide valuable timber, including eucalyp- 
tus of giant size. In addition to sheep farming,' 
much attention is paid to fniit growing, and 
Tasmanian apples are largely exported. Hops 
are also grown, and the usual temperate cereals. 

The capital is Hobart, at the base of Mount 
Wellington, on the Derwent, which flows to the 
dangerous but picturesque Storm Bay. Launces- 
ton, on the Tamar, is the chief port in the north. 
NEW ZEALAND 

New Zealand (104,750 sq. miles) consists 
of the large islands of North Island (44,500 sq. 
miles), South Island (68,500 sq. miles), Stewart 
Island (665 sq. miles), and many smaller islands. 

New Zealand turns, as it wore, its back to 
Australia. The west coast of South Island 
is deeply cut by magnificent fiords, but these 
give access only to lohy and inaccessible moun- 
tains, whose glaciers descend to within 1,000 ft. 
of the sea. The west coast of N orth Island, though 
lower, has no good harbours, and access is from 
the east, where all the important harbours are 
situated. Cook Strait, which separates North 
and South Islands by thirteen miles of sea, has 
good harbours on both shores. 

Mountains and Rivers. The west coast 
of New Zealand is almost everywhere high. In 
South Island it is bordered by the Australian 
Southern Alps, rising to the height of the Bernese 
Oberland in Mount Aorangi or Cook (12,360 ft.). 
The New Zealand Alps contain fine glaciers, and 
their scenery is of true Alpine charac’ter. They 
are continued to the south by the mountains 
of Stewart Island, and to the north by the 
western mountains of North Island, which reach 
6,600 ft. West of these western mountains of 
North Island, and quite independent of them, 
rise three volcanic cones. Ruapehu (9,000 ft.) 
and Tongariro (7,500 ft.), with its triple summit 
are still active, but Egmont (8,200 ft.), rivalling 
Fujiyama in its faultless symmetry, is extinct. 
The surrounding region, with its geysers and hot 
lakes, is one of the most interesting volcanic 
districts in the world. The famous pink and 
white terraces were destroyed by the eruption 
of Torawera in 1886. The Western Highlands give 
rise to many rivers, which flow east following 
the slope of the country. They are of no great 
use for navigation, being either too swift 
too shallow. The lower eastern half of Now 
Zealand is the settled portion. 

Climate. The climate of North Island is 
considerably warmer than our own, the summers 
averaging &om 65 degrees to 68 degrees, the 
winters from 48 degrees to 55 degrees. The 
climate of South Island is not very different 
from that of Southern England. The islands 
lie in path of the west winds, and their 
western coasts receive heavy rains. East of 
the mountains the rainfall is lower, but sufficient 
for agricultural purposes. 

Vegetation* Reeourcee and Occu» 
pations. The wetter parts of New Zealand 
are densely forested, evergreen pines and beeches 
predominating. One of the finest trees is 
the kauri pine of North Island, which yields 
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magnificeiit timber and a valuable gum. Large 
quantities of this in a fossil state are obtained. 

The drier eastern regions are grass lands, 
originally covered with fern or coarse grass. 
Much is now sown with European grasses. On 
these grass lands are grazed enormous numbers 
of sheep, bred for meat as well as wool. A 
large trade is carried on in frozen mutton, 
which is exported in steamers fitted with special 
refrigerating chambers. Cattle are also bred, 
especially in the west, and the dairy industriw 
are rapidly growing. Much frozen butter is 
exported. Other occupations depending on the 
pastoral industry are wool-washing, bone- 
crushing, boiling down, tanning, and such 
manufactures as boots and shoes and woollens. 


isthmus, with a harbour on either side. Thames, 
Napier and New Plymouth are smaller North 
Island ports. In South Island, Lyttelton is 
the port of Christchurch, on the Canterbury 
Plains, which iiave a southern port in Oamoru. 
Dunedm. and Port Chalmers on Otago Harbour, 
and Invercargill, on Foveaux Strait, are the chief 
southern, and Hokitika and Westport the western 
ports. 

THE PACIFIC ISLANDS 

The Pacific is studded with island groups 
of which the most important south of the Equator * 
are the Solomon Islands (British), tho New 
Hebrides (under British and French protection), 
Fiji and Tonga (British), Samoa (United States 
and Germany), Society and Marquesas (French). 
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Agriculture is increasing in importance. Oats North of the Equator are the Marianne and 

are the principal cereal, and wheat, which has a Caroline Islands (German), and Hawaii (United 

much heavier yield than in Australia, is grown in States). All are either highly volcanic, den^ly 

the CanterWy Plains. Potatoes are an important forest^ islands, or low coral islands with little 

crop. Fruit growing is not yet important, but vegetation but coconut palms. Economically, 

mi&t easily become so. [See Agrioultubk, the most important are Fiji, Samoa, and Hawaii, 

page 3466.1 Rice, cotton and sugar are grown in Fiji and 

New Zealand has valuable minerals. In 1903 Hawaii, and all the islands supply more or less 

tho output of gold exceeded £2,000,000, chiefly copra, the dried flesh of the coconut. ^ The 

from the Thames basin in North Ikland, the north- chief centres are Honolulu on Hawaii, Apia on 

west of South Island, and the river sands of the German Samoa, the United States naval harbour 

south-east of South Island. Coal is mined in of Tutuila on Samoa, and Levuka and Suva in 

several places, but much has to be imported. Fiji. The French island of New Caledonia (8,000 

Seaports. The capital is ^Wellington, on sq. miles), between New Guinea and New Zea- 

Cook Strait in North IslandT hut the most land, is a ]^nal settlement. It has great mineral 

important town is Auckland, on a narrow wealth and is the chief source of nickel ore. 

CovUinued 
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ivhich, for preference, should be drained towards 
the centre and to the rear. Railway waggon 
floors are drained in this manner. 

Fruit Motor Waggons. The carriage of 
fruit also demands care and promptitude in its 
despatch. Lately, we have been confronted with 
the largo supplies of ban'mas that reach these 
shores. The Great Western Railway has done 
signal service in bringing the supplies promptly 
to town, and when punctually met at the 
station by the road van, their deposit at the 
wholesale" fruiterers in a perfect condition is 
ensured. Fruit often requires to be protected 
from extreme cold or heat, and contact should *be 
prevented as much as possible. Properly venti- 
lated vehicles arrangea either to accommodate 
hanging bunches or to take on its shelves and parti- 
tions small baskets, is the most serviceable design. 

Mail Conveyance by Motor. The 
remarks concerning the design of the laundry 
van might be applied with advantage to the 
construction of the vehicles carrying the parcel 
hampers and letter-bags, although extra means 
for safeguarding the load must be provided. 
This side method of loading is certainly useful for 
emptying quickly, which is necessary )vith postal 
work, and we may note a passenger parallel 
in the method of seating the firemen on the 
manual or steamer. We cannot fancy our 
friends in the brass helmets sitting face to face 
in a waggonette and descending calmly one 
by one from a narrow downway to a narrower 
step and finally to the ground. No, they jump 
in a group before a door handle could be turned. 

Commercial Travellers’ Motor-cars. 
There have been many attempts to provide 
a useful vehicle for the traveller. It is necessary 
that he should get into his car easily, and 
not be perched aloft as in some undesirable 
patterns. If he can take hold of a box of 
samples before he loaves the car and without 
going to the back, so much the better. He should 
therefore sit facing towards the side of the car 
a little so that the opening immediately behind 
his seat may allow him to enter the body proper, 
where there is just room for him to turn round 
with all his boxes arranged on shelves around 
liim. The interior may be lighted by a small 
sk^ight or a neat electric lamp. 

Doctors* Motor-cars. A doctor should 
keep to the old order of things unless he can 
afford a small medium-power^ sincle landau- 
lette with roof extension to the daSi with the 
chauffeur seated on a single central seat. He 
has few things to take with him, and this type of 
vehicle is at once dignified and suitable for all 
weathers. Why a rabbit-hutch contrivance 
in which both the professional man and his 
chauffeur are boxed should be considered 
desirable is a matter requiring much reflection. 
The landaulette need not be mode wide enough 
for two between the standing pillars if it be 
necessary to reduce weight to a minimum. 
A width of 2 ft. 9 in. allows of a comfortable 
seat and room for a bag and books of reference. 

Cara for Heavy and Light BulKy 
Loads. Hitherto when transporting heavy 
material such as boilers and machinery* it has 
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been found most economical to use ordinary 
horse-drawn vehicles coupled to a small traction 
engine. Most of the heavy motor lorries are 
quite as high as the horse-drawn types. With 
mechanical improvements we shall probably 
have cranked b^es as we have seen in pleasure 
car ch^is, such as the Darracq and Talbot. 
Bulky loads, such as farm produce, and empties 
are often carried by means of trailers. 

Front-driving Motors. A motor coupled 
up to the front wheels, such as the “Latil,” 
is useful when desiring a motor van to carry 
theatrical scenery or Jong lengths of timber. 
The transmission of the power to the far 
away hind wheels would mean great loss of 
power and entail an amount of heavy shafting, 
etc*. This type of motor might be made useful 
for th(^ transport of other light bulky loads 
besides scenery. 

Motor Omnibuses. Perhaps the chief 
way in which the utility of the motor-car is 
impressed upon the general public, especially 
those who cannot afford to possess one, is by 
means of the public service vehicle. 

The electric tramcar partakes of both the 
railway and the motor-ear, but the “ ’bus,” 
be it single or double decker, is an automobile 
'proper. Rather than sec* how many passengers 
we can crowd on a certain ch&ss's, it would be 
far bettor if each passenger were allowed a little 
more room, even at the expense of reducing the 
carrying qapacity by three or four. It is the 
untiring effort on the part of the different com- 
panies to wedge their customers into the smallest 
possible legal space, and this is the reason why 
the corridor carriage is not yet more generally 
adopted on our railways. Motor ’bus promoters, 
who grumble so much at tramcars, will do well to 
copy some of the interior comforts of the latter. 

Having constructed the body of the best 
material, teak being more preferable than ash, 
and sufficient time having been allowed for th^ 
hardening of the last coat of varnish, we should 
expect to find a well-designed body with the 
majority of the following details. 

Seats and Seating Accommodation. 
Each inside passenger should have at least I7j in. 
of sitting-room, and a brass rail should be supplied 
to divide the passengers into two divisions in 
order that the proper seating accommodation 
may be easily obtained without recourse to 
individual divisions. 

The overall width of the roof should be not less 
than 7 ft. 6 in., which will not exceed in most 
cases the overall of the hinjl mudguards, and 
the garden seats each seating three persons might 
be placed in the centre of the roof, a gangway 
l>eing provided on each side. This garden scat 
should be made so that a slight dip tends to keep 
the passenger centrally rather than towards the 
gangways. Much of the discomfort caused to out- 
side riders might be minimised if a set of springs, 
painted or covered with waterproof material, were 
placed between the seat laths proper and a foun- 
dation. If the usual method of roof seating with 
central gangway be adopted the same overall 
width should be maintained. The height of 
the roof in the centre being kept the same, the 



Bidea should be higher, so that less arch and 
consequent less discomfort may be given to the 
passengers, besides allowing of more ventilation 
inside. A fare table should also be visible to 
^e outside passengers. The cross seating has 
been tried for the interior, but while the drivers 
and his levers etc., are between the passenger 
and the view, not much comfort is added. 
It is certainly a favourable method when the body 
is open-sided, as in some patterns of tramcars, 
or if of the char^a-hanc type. 

Staircase. Again we plead for a few 
more inches, this time in the width of the treads. 
If one or two more risers and treads were 
inserted, the difference in comfort, especially 
for ladies, would be appreciated. But the stair- 
case, whatever its pattern, is, after all, only a 
necessity owing to the public demand for a 
roof seat, as the omnibus and tramcar have 
become a means of pleasure in the form of an 
enjoyable ride. The proper development of the 
single decker has much befere it, especially for 
country roads. Wc might add 12 in. to the head 
room of existing types and go on devising drop 
sashes till they do not rattle. 

Curtaina and Other Fittings. Such 
items as curtains arc best in the spring roller 
type, and as there are firms who have supplied 
tlicm in their tens of thousands to railway 
companies, there is no ne^^d to argue that a proper 
fitting has not been devised. Small electric 
pushes may be fitted as in tramcars to arrest 
the vehicle when the conductor is on the roof. 
Advertisements should be entirely banished 
from the interior, and illustrations and de- 
scriptions of places of interest en route allowed 
to t^e their places. 

Lighting and Heating. The lighting 
of the interior should allow each inside passenger 
to read with comfort after dark, an electric 
lamp over the shoulder being best. Heating is 
easier with steam systems than with the petrol 
type. We have yet to see the evolution of 
heating systems in road vehicles. 

Suapehsion. The ch&ssis being hung on 
springs strong enough to take the mc^ximum 
load and of sufficient length to absorb vibrr.tion 
easily, there is no reason why the body should 
not be suspended on a set of springs of its own. 
In steam rail motor coaches we see the front 
end of the passenger body resting on a movable 
bolster provided with springs, the whole resting 
on knife ec^es. This tends to isolate the body 
from the vibration of the engine. Possibly this 
can be adopted on the motor ^bus. 

Annouiiceinent of Destinatiotio. 
Where the ’bus goes, where it comes from, and 
the direction in which i| is travelling should be 
made quite clear by day and night. The two sides 
of the vehicle should be taken up with the names 
of the chief places passed through during the 
journey, each side reading the same, except that 
the near side should always read from left to 
ri^t and from top to bottom, the different roa^ 
and streets in the order that they are passed in 
the way the ’bus is travelling should be recorded. 
The front should be simply inscribed with a 
visible sign* announcing the terminus, and the 

1 C 38 


rear should be similarly fitted. Both should be 
capable of illumination at night. 

Advertisements must be kept above the roof 
line, and should not be placed on the windows. 
If this were done, advertisements would not be 
confused with the destinations, and light would 
be allowed free ingress into the interior. 

The route naming that is becoming fashion- 
able with motor omnibus companies is .to be 
upheld if it does not confuse ^e stranger. 
“ Vanguard,” “ Ensign,” “ Pioneer,” ” Arrow,” 
and such words denoting enthusiasm and enter- 
prisfliehould not take up the best part of the side 
panel and crowd valuable space which should 
be allotted to the destinations. The public are 
quite likely to associate a certain name with a 
certpJn route, and as the cars are continually 
being transferred to other routes confusion is 
caused. 

Improvement of Motor *Bueee Poe* 
eible. The old omnibus companies that have 
used the horse for many years past find that the 
expensive quadruped has brought them bettor 
dividends than railways. They should be able 
to adopt all the improvements suggested on a 
motor omnibus service without decreasing their 
returns or the pay of their employees, as the new 
form of traction is cheaper. 

The mechanical omnibus is in its infancy, and 
is certain to develop into comparatively general 
use. This will come all the sooner jf the newly 
formed society of Motor Omnibus Engineers has 
among its members a moderate proportion whose 
thoughts are not confined to sparking plugs, 
silencers, and such things. 

Influence of Motor* on Other 
Vehicles. The coachbuilder has in some 
instances copied the motor body types in his 
latest productions for horse traction. Governess 
cars, from which the tonneau was partly evolved, 
have been made with top panels carrying the 
back squabbing very similar to the motor body 
types. Bucket-shaped seats have been adopted 
in phaetons — including victorias — as well as in 
sociables, and the revival of the motor landaulettc 
has seen an awakening r.mong the horse-drawn 
typos. The tonneau phaeton is practically a 
tonneau motor body on the coach builder’s under- 
carriage, and it might be yet more successful as a 
novelty if it were hung lower and made easier to 
enter. 

The railway companies have felt the presence 
of the automobile. Not only are they adopting 
motor omnibuses and char^a-hanca to bring 
customers to the railway stations, but they are 
bringing up to date an old typo which is now 
known as the rail motor coach. In the majority 
of cases it is driven by the much tried steam 
power, and we yet have to see the adoption of 
the petrol motor, such as the Great Northern 
Railway Company are trying, to this new type of 
body. The influence has b^n felt even among 
mail carts, for the youngster can now be pro- 
vided with a pedal-driven motor oar, and if its 
parents can afford them, surii details as lamps^ 
goggles, horn, etc., may be included, in or^r 
that ** playing at motors ” may be carried out 
thorou^ly. 
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notice with pleacmro thikt the iioUinff etook of the 
nem motor ooaokee is either ol m eatoon or 
ccirridor type. The renouncement of the com- 
partment i^e in these vehicles as well as in 
tube trains am other new electric rolling stock, 
will help to eiml them from the main and 
suburban lines, hi pubUo service Tt^oks, safety 
lies in company, it has been chown time and 
again that the compartment system is fraught 
with danger. 

Weiglit Cutting. The motor-car trade has 
revived the use of constructional metal wdtk in 
vehicles. Alumininm panels, framework angle and 
moulding, when of g(^ quality, are lighter, and 
necessitate less labour m the painting, although, 
perhaps, they do not give quite so durable a 
finish. 1%e metal panel is also better adapted 
to quick turns, yet in some oases, where we nave 
a return curve in the tum-under together with a 
side sweep, we find that such a panel keeps 
its shape b^ter if of mahogany. The side panel 
in a curriole-Bhaped body is an illustration of 
this. 

Still, the ezpcrienoed metal-worker who is used ' 
to the eccentricities of the material will more 
likely be successful in turning out a piece of 
work that does not ofiend the eye wbidhever way 
it be viewed. Perhaps the most aggravating part 
of a thin metal paxiel is when it has a 8li|^ d^t, 
not enough to warrant an expensive repair, yet 
suSiment to spoil tjie beauty of an ctherwise 
good surface. 

Metal hoopstioks may be seen in motor 
omnibuses carrying the roof, and the use of 
ahnnimum castuigs will do much to reduce the 
dead weight. 

Mwtml Rallwmy Waggon* anfl 

Caaebaa. Kailway waggons are now some- 
times built entirely oi metal. Ihis applies not 
oaly to the medium types, but also to the new 
varieties of high capacity waggons with the vary- 
ing method of dssonarging the loskd. The pessen- 
ger railway vehides are also being dotignw with 
pands and other parts of metal. By oaiefuily 
apportioning the various sheet thaoknesses and 
aeotiond etrenigths of the various members, not 
oidy have we obtained a fireproof carriage, but 
the total weight has been rMuoed. T^ Is a 
eonoderation in the tremendous weight which 
corridor carriages have attained during the last 
6i||ht or nine years. Inoreaseof comfort has done 
this, for oooking stoves, dining tahles, refoesh- 
BMot bars, sleepmg ber^, especially one-berth 
oompsfdmeiits, heating and Hating apparstus 
cannot be provided witnont adeSng to the we^t. 
They afl, more or less, take up room that migd^t 
be ocon|M by a passenger. 

Aslsr fwok as 1898, American railbny caniaM 
designers came to the oonclumon that ^,800 lb. 
was an enemous weight for a oar, even if it were 
some 79 ft. m len^. Britnh hvSders, less 
eager to crowd stock with eveiy oooi- 
fort, have not erre d so ffpoalfy as him the 
dnssrieans. Hie Brash fieotrioal B ug ine e rin g 
Company, Lin ti to d , are to he eoMratnlatod 
«n the new of dMi emdk wy have 
httilt for Ihe Great Northern and City Bad- 


way, the electric tidbe vattway rennhig foom 
Smsbury Park to Moorgate meet. Eeie, tfae 
weight per passenger has been rednoed to 
<657 lb. A modem dining coach seating 20 
will often weM nearly chmbie as many tons, 
while even a sabon carnage holding 56 passengeni 
will woik out at neaaiy half a ton per paasengoc. 

Pleasure or PHvate Motor Vehide 
Deoign. In a commercial vehicle we naturally 
expect the interior to be as useful as possibla 
The exterior, bounded mostly hy straight 
lines, will ful^ its purpose in ordmoiy oases 
if neatly finished without any recourse to 
excess of decoration. Probably me enterprising 
and up-to-date tradesman will get better value 
out of his motor v^icle if he paints and inscribes 
H in a striking manner, as previously suggested* 
but this does not require curved boundaries for 
its display. In a gentleman's touring car we 
may be excused if we desire further to embellish 
the body after the seating and other accommo- 
dation ^8 been properly arranged. 

We must have a strai^t line if the panel ends 
at the seat line and where the rocker joins the 
top of the frame, if it be cd the ordinaiy pattern, 
but there are many instances where a flowing 
curve may be used with advantage. Some de- 
signers have considered that any line deviating 
from the stiff straight line and an abundance ^ 
scToUs and dub ends mves a beautiful effect 
But anyone who has the slu^teBt artistic pre- 
tensions w31 allow that the mwer and simpler 
the lines necessary to cany out a body, the more 
pleasing is the effect ana the more lasting the 
pleasure so treated. 

Frmcli Tmote. Without being aooused 
of want of patriotism, we do weH to tAoaeUj 
notice the style of outihie wfaxch the best Frenon 
taste dictates. We find that the lines flow. As 
we follow the outline, it never seems to lie stBi 
or remain flat in taay place. We shall find in a 
Boi des Beiges tonneau that the line that hounds 
the top extremity of the seat panels is a heautifol 
curve the whole way. There is soaroely u spot 
where a straightedge would find a resting place, 
even for an inch, and yet there is nothing exag- 
gerated in the appearance. 

Owing to its sh^, a } in. half-round moulding 
gives more reflection to the varnidi, thereby 
imparting a lifter appearanoe, and the sise 
suggested, when increased, is inclined to give 
a heavy effect to the whole. 

Fyont Seoto mnd Doora. The position 
of the chauffeur’s seat is genera&y deteimfoed by 
the pedals and steering wheel. The oeovpant 
df the seat beihle him, not being bound hy am 
meohanioal consideTatiim, may encroach a little 
on tile space Between f he fro^ of tiie seat and 
the dash, thereby securing a more roomy seat, yet 
keemng tiie bac«B of the two fiont seats in &e. 
lil^tly constructed efobrs are usriful in keeping 
tiie drau^ from the legs of tiiose on the foont 
seats.* m designing the top foie of the doors, 
it fo demMe mt it dmuM imt he a coDthraatuni 
of the fooot seat hue, but swqpt gently a pw ar d s . 

A doorway km timn 20 in. wide 'gkra Bttls 
eonriort to tiis pnesnmgw or q o i tkg , and 22 in. 
IS the noratal width with the horse-drawn type 
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lor side entry. The engineer's designing of the 
ch&ssis often results in the right-hand bottom 
comer of the door being cut away, owing to the 
nearness of the hind wheel and wing. 

Lighter Appearance oC the Body. 

Round comers at the back give a pleasing and 
lighter appearance, although they are, no doubt, 
a little more expensive to construct, especially 
when a piece of curved glass is included. Glass 
itself gives a light appearance, but it must not 
be forgotten that a sheet of plate glass is heavier 
than a corre^nding area of mahogany or 
aluminium. The use of imitation cane-work, 
‘if it coincides with the customer’s taste, is also 
useful in doing away with a heavy appearance. 
But it must be put on with due regard to bevels 
and round comers, otherwise it will Ix^ unsightly. 
It is a pity that the hand method has been 
superseded, for in it there was more chance of 
every allowance being made for the direction 
of the surface. Striping and shamsticks must 
be quiet, otherwise attention is detracted from 
the outline of the body. 

Demand lor New Types of Bodies. 

*rhe automobile salesman is asked by some of 
his customers to construct bodies involving 
wonderful ideas, many of which are practically 
impossible of realisation. Although some foolish 
designs have boon the result where the purchaser 
has insisted against the advice of those who are 
experienced, yet the effect, as a whole, has been 
to invent many fresh designs in seating and 
other arrangements, as well as in the general 
conformation of the body. 

The Future. Towards the end of the 
year 1906 we find that Great Britain is turning 
out automobiles equal in performance to those 
made in France. As yet, the pleasure car is 
in the ascendancy; but no doubt time will 
bring proportions of other vehicles. The Show 
at Olympia is an evidence of the popularity 
as well as the prosperity of the new method of 
locomotion, and already the technical Pi ess, the 
finest in the world of its kind, as well as news- 
apers and magazines, show what a tremendous 
old it has. 

It is, from the automobile point of view, a 
foregone conclusion that the man of the future 
will be more of an engineer than his father. 
Cycling developed mechanical thought ; rail- 
ways, interesting thousands more than they 
actually employ, have fostered it, so auto- 
mobilism will find a prepared field upon which 
to work, and a wide scope. 

We cannot believe that the horse will be 
entirely superseded, for it has already writh- 
stood the advent of the “iron road,” but 
it may be safely prophesied that few omnibustr,, 
tramcars, medium and heavy vans, will be horse- 
drawn some ten or fifteen years hence. 

We have seen that the railway is primarily 
a carrier of merchandise. Is the automobile to 
develop in the same direction ? 

Coachbullder** Machinery* We have 
seen that in factories with large output, and 
especially in those where repetition work is 


turned out in quantities, wood- working machinery 
is an absolute necessity. Apart from the 
different tools, each doing their own special 
work, we find several types of motive power. 
In medium sized and large factories the steam 
engine has for some time held ils own, but lately 
it has been used to drive a dynamo, so that neat 
little electric motors may be coupLd up to 
each machine. Anyone who has seen an old 
factory converted from direct steam power, 
with its endless bands and pulleys, to electric 
power, will appreciate the saving of space, 
the better light, and the cheaper working gained 
by the newer practice. It may be that the 
manufactory can draw power from an electric 
main, in which case the steam engine is not 
wanted in the factory. Gas engines find favour 
in small shops, and need no boiler, chimney, or 
coal. Also the power is set in motion or arrested 
as required, and is specially valuable where the 
work is intermittent. 

Petrol Stationary Engines. The 

pi*trol explosion motor by no means finds the 
only outlet for its energy in propelling road 
vehicles. It is unnecessary hero to consider 
motor boats and flyiAg machines, but as a 
stationary engine we cannot overlook the fact 
that this near relation of the gas engine is 
destined to do much useful work. Already it 
has been adapted with success, and eminent 
engine makers are providing types designed in 
frames suitable for the work, sometimes with 
attached dynamo in the ev(»nt of electric power 
being required. The manufacturer is fortunate 
who is conveniently situated to a wat(*rtall where 
he can utilise this cheapest of power. But 
Niagaras, even modest ones, are few and far 
between in this country. 

Log Sawa. The first machine that deserves 
notice is naturally that attacking the log and 
converting it into planks. A vertical log 
band saw effects this by means of an endless 
saw passing over pulleys, the timber being laid 
on a travelling metal table. The machine takes 
its name from the position in which the saw 
works. The latest method of treating with the 
log is by machines with horizontal band saws. 

These log saws are continuous in their action, 
and the timber may be examined after each 
cut, that the man in charge may see if the next 
cut should be made as close as originally intended. 
Log saws are also arranged in sets whereby a 
log may be slabbed completely into planks or 
boards at one operation. It is well to remember 
that the thinner the saw blade the less the 
waste in conversion. The young timber student 
is often liable to forget allowance for saw cuts 
when, say, a 3 in. deal has to be cut up. 

The Ordinary Band Saw. A coach- 
builder must have a very small and unusual 
business not to warrant the adoption of an 
ordinary band saw. This tool is very useful for 
work with curved outlines, and can be fitted 
with an adjustable fence for straight work. 
For dealing with stuff on the bevel the table 
can be swung down to accommodate the angle 
of the work under treatment. 
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Another noefal mnohine it the cirouiar saw* 
which may be hand or machine fed. The fence 
may be removed for cross cutting when ihe 
capacity of the ^op does not warrant a separate 
machine. 

Circular saws "are also fixed to the beams 
overhead as well as to the ordinary table. The 
former are known as pendulum saws. Fret 
saws are useful for cutting out internal work, 
a hole being drilled for the start. 

Planing Machines. Planing machines 
are often more in evidence than is comfortable 
to the hearing. Yet when one sees a machine 
facing the four sides of a heavy piece of timber 
in a few minutes he is, perhaps, reconciled to 
its noise. Machine pbning can be given a 
higher finish by passing the stuff throu^ 
scraping machines, after which process little is 
necessary on the part of the bod 3 rmaker. 

The various joints are quickly and accurately 
shaped on matchboarding, mortising, boring, 
and tenoning machines, function of irreg* 
ular moulding machines is to form rebates on 
pillars and rails, and moulding of various 
shjipes where required. Wood lathes are 
necessary for any work of a circular character, 
A very useful class of machinery is that set 
apart for the manufacture of whed parts. 
Spokes are made and copied, stocks bored and 
mortised, felloes planed, and rims bent and 
dressed. 

Metal-working Machlaea. The smith 
as well as the bodymaker has his mechan- 
ical appliances. His fire may be blown, his 
tyres l^t, his work forged and upset — all 
without manual labour. In oonstructional steel 
work we should expect to see ia the railway shops 
riveting and punching machines, a class of tool 
which is often operate by pneumatic power. 

The Elevator. Although present prac- 
tice does not favour many-storied factories for 
vehicular work, yet it is general to find an 
elevator or lift which carries up the body in the 
wood and iron to the paint shop, or brings down 
the finished vehicle ready to be sent away. 
The lift must be suited to the load it has to car^. 
CoachbuiJders find that motor-cars, when being 
sent to the paint shop with ch&ssis omnplete, 
need a more powerful lift than has hitherto 
been necessary. Travellers on the Central 
London Railway are familiar with the hv^aulic 
and electric tvpes, and there are also the older 
patterns coupled up to the factory steam engine 
or worked by hand. 

TechniMi Educntlon, The techno- 
logy of vehicle buildiim has received most 
attention in the road and rail carriage building 
departments, but during the last two or three 
years, van-buildiii^ and wheelwi^ghthig have been 
included in the syllabus of our large institutes. 
Evening classes are held during the winter 
months m snob centres as Birmin^ttai, Bristol, 
Newcastle, lavcfpobl, and Wolverhampton, 
i^fle London, which lately had three oiasses 
in road carriage buikliiig, has now onfy one. At 
Btratlord there is a km riass hi raihmy work, 
the natural ootetm of the faetoiy m the viei^ 


Offioinl Eacnmimtiottn. The C% and 

Chiilds of London Institute recognise all these 
three subdivisions of the trade <road, rail, and 
van), and separate examinatkiiB are held 
annually, generally about May. 

Vehicle Day School. London pos- 
sesses the only English practical day school in 
vehicle work in the world, and although the 
evening classes are well appreciated, it is a great 
pity t^t the day school is not better supported 
by the trade. 

The motor body is classified officially with 
the horse-drawn carriage, and as yet no separate 
syllabus has been in operation for the different 
principles governing automobile coachwork. 

Literature of the Trade. Ck>n8idering 
the importfiuice to the community of vehicle.i 
generally, the scantiness of the textbooks 
available is surprising. 

Rail carriage building is, however, well repre- 
sented by the “ Car Builders* Dictionary,” 1903 

Railroad Gazette,” New York), price $5 ; 
** Railway Carriages and Waggons,” by Stone ; 
parts 1 and 2, 1905-6 (“Railway Engineer,” 
Ludgate Circus, E.C.), 10s. fid. each part. The 
“ liODomotive M^axine,” 2d. monthly, contains 
many useful articles on railway coaohbuildicg 
from time to time. 

Road Carriage Books. There are many 
small textbooks and pamphlets published, but 
none can be conskLei^ manuals. Among the 
best are Fhilipson on “ The Art of Coach Body 
Making ” (John Kemp) ; Fhilipson on “ Suspen- 
sion of Carriages ” (“ Hub,” New York), and 
“ Coachbuilding ** (^11), by the same author ; 
Thrupp on “History of Coaches” (Kerby & 
Endean ) ; “ Haxidbook lor Coach Painters,” by 
Simpsem (Cooper) ; “ Coach Trimming,” by 

Farr & Thrupp ((jhapman & HaU). 

A useful collection of essays is the volume of 
papers read before the I^titute of British 
Carriage Manufacturers (1883-1901), published 
by the Powage Press, l^e subjects embrace all 
d^artments of the trade. 

As regards trade journals, we have the “ Auto- 
mobile and Carriage Builders* Journal” (Ifi, 
Eldon Street, E.C.), lOs. per annum, and ^ 
“ Coaohbuildm’ Art JounuJ ” (64, Acre), 
25s. per annum. Both are monthly periodicals, 
and embrace all departments, including auto- 
mobile work and van-building. 

lUustratioas and general details of motor- 
car bodies are well set out in the numerous 
motor-oar WbddieB, such as the “ Autocar,” 3d., 
“ Automotor,” 3d. ; “ Motoring lUustrated,” Id.; 
“ Motor Car Journal,” Id. ; “ The Car,” fid. ; 
etc., but their actual^ provinoe is, of course, 
motor epgineering. 

Cyolea. Bo^ on e 3 rcle construction in- 
clude “ IMem Cycles,” by A. J. Wallis-Taylor, 
10s. fid. (Lockwood), “ Qycling,” H. Graves, 
etc.. Is. (Suffolk Sporting Sories), “ Cydiag ” 
(Ward, Look A Co., Ltd.), Id.^ are ose^ liUle 
wenks on the popular pastime. Periodioals 
suoh as “ Pyding^’ and the ** Motor ” (formerly 
“Motor Cyriing”) are r s pro ss at a ti ve of the 
periodieals. 
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By W. S. MURPHY 


LJAVING acquired an understanding of the 
^ ^ structure and fittings of the loom, we can 
now proceed to make use of it. The warp is 
healded before it is put on the loom ; but the 


method of drawing is founded on both a know- 
ledge of tlie loom and the plan of the designer. 
For every design there is iv treading plan, or 
draft. T^he former term points to the treadles 
of the hand loom which direct the motions of 


the healds ; the latter term applies to harness of 
all kinds— to the jacquard, the dobbie, the lappet, 
and other contrivances. It is by the manage- 
ment of the warp and .ts relation to the weft 
that the loom is patterned. 

Plain cloth presents no problem ; the treading 
plan is straightforward. Say that we have two 
healds. The weaving beam [ 1 74], with the warp on 
it, is slung, and the healds are hung before it. 
The healder's boy helper stands at the warp and 
feeds the threads in proper order. Through 
heald No, 1 the first, third, fifth, and all 
the odd-numbered threads are drawn ; through 
heald No. 2, the second, fourth, and other 
even numbers are drawn. The hoalder has a 


tool like a long crocheting needle, with which 
be pulls throu^ the threc^ at a rapid rate. 

When one plain web succeeds another, the 
former warp leaves ends in the healds, and then 
the duty of the hcalder is to twist the ends of 
the new warp on to 


alternately, though the weft may cfFect other 
variations. 

Four-leaved twill begins complexity. With 
four healds we can make a fairly large variety 
of patterns, limited only by the general rule that 
“ when two threads differ from each other in 
their order of weaving or interweaving at any 
point, th^ cannot bo actuated by the same 
Jicald.” Three threads over and one under the 
weft is cashmere ; two under and two over gives 
a two-sided twill. We may reverse the order of 
the first, and vary in several other ways which 
are obvious. 

Dimity and Diaper. Five leaves add 
still further to the resources of the designer. 
The simplest use of the five leaves is in tlie 
production of dimity, in which the weft passes 
over four warp threads and under one. Diaper 
alternates the action, four threads of warp and 
four threads of weft coming up in turn to the 
surface, with, of course, one intermediate thread. 

With the five-leaved harness, the satin surface 
can be produced, and, in heavy cottons such as 
jeans, or woollens, is commonly adopted. 

Numerous fine patterns are woven with the 
set of five healds ; some weavers contend that 
the finest cloth effects require no more ; but the 
numbers run up to eight, ten, twelve, and even 
sixteen in some fabrics. Silk weavers often 


the threads of the old 
one. The trade de- 
signation of the old 
oiSler of men who 
did the healding was 
drawers and twisters, 

* Treading Plan. 
It is when we take 
up twills and fancy 
weaves that the tread- 
ing plan becomes im- 
portant. For every 
change in the relation 
of warp and weft we 
must have a heald. 
The three-leavod twill, 
for instance, is only 
one remove from 
plain weaving, and is 
applied to sh^tings, 
blankets, and other 
cloths of that nature. 
With the three leaves 
wo can obtain only a 
single variatiem in the 
warp — two threads 
up and one down, one 



up and two down, 174 . DBAWINQ-IN or HEXLDIRQ <H. Baonerman g Sons, Ltd., Manohf «ter) 
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prefer the large number of heakte to anv other 
form of hamesB. We think, howeyer, that ten 
hoalds mark the limit where the use of healds 
ceases to be of any advantage over the jacquard 
and the dobbie in any circumstance, and m^ly 
fikilled weavers even refuse to allow more than 
five where the jacquard can bo brought into 
requisition. Into this debate we do not invite 
the student. Experience wiU enable him to 
form an opinion of his own. 

Harness. Great as the French inventor was 
in genius, he did not originate a single important 
feature in the jacquard machine. Dke Shake- 
speare, he took the material at hand, and put it 
into his idoa. The jacquard, in short, is simply 
the old loom harness made automatic. De- 
tailed study of the harness would not be of much 
practical 
value, and we 
therefore note 
only those fea- 
tures it has in 
common with 
the jacquard 
to assist the 
student in 
understand - 
ing the opera- 
tion of iyi^ng, 

A board (c) 
perforated 
throughout 
was hung over 
tho loom, and 
through this 
the cords of 
the harness 
were passed to 
the number 
required , 
amounting in 
many cases to 
thousands. 

The cords (e) 
were looped to 
take up the 
warp threads, 
according to 

the design ; these, again, were knotted together 
at the neck, and from each group a single 
cord passed through a series of pulleys across 
to a fixed |»eoe of wood, called the kide (o), 
and firmlv fastened. From each cord (w) a 
qord was let down to a fixture in the flow (/), 
and at the side of these another stout cord {1) 
was fastened from floor to ceUing. Next, small 
owds called losliea (») were bound in the order of 
the design from the harness coeds to the fixed 
oord. 'me drawer pufled the .first set of ladies 
tight, bringing out the y ower vertical cord horn 
the rest ; these ha pmha hj tfaemsdves, and 
thus acted on the set m harness cords he detailed 
to cdl into action, lifting the warp threacb in 
the order the weaver required. 

TjrlAg up the Jeocfuerd, The student 
has made acquaintanoe with the medhanisin of 
the jacquard, and it now remains for us to 
inquire into the methods to be adopted in 
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bringing it into practioal use. In the old har« 
ness loom we a certain freedom which is 
limited in the newer apparatus. We could put 
as many or as few cords as we liked into a row 
on the harness ; but in the jacquard, because 
it is a machine applicable all round, the cords 
and needles corresponding must be definitely 
numbered. Jacquards are known as 300v 400, 
600, or 600, according to the number of hooks 
they contain. The hooks are ranged in rows 
of 8 and 12, and each row must he complete ; 
therefore a 300 jacquard contains either 304 or 
308 hooks, just as the hooks are ranged in rows 
of 12 or 8. Suppose our pattern occupies 18 
threads, what is to be done ? The number 18 
is not a multiple of 304. Wc must cast out, os 
the saying is, 16' hooks. This is not such a 

simple matter 
as may seem. 
We have to 
keep the 
whole web in 
due propor- 
tion ; the va- 
candeS must 
be so distri- 
buted as to 
leave no gaps 
hi the warp. 
For the sake 
of simplifying 
the matter, 
let us suppose 
that we are 
working with 
healds. If our 
healds give 60 
threads of 
warp to the 
inch, and we 
find it im- 
practicable to 
give more 
t h a'h 6 0 
threads to the 
indi, our plan 
would be to 
miss one loop 
in 30 in the heald of 300 cords. Similarly, 
in our jacquard we must reduce the number 
of threads per inch in the warp if the pattern 
does not come out even with the number of 
hooks on the machine. In designing we have 
this to consider and jfHrovide for. Should it be 
neooBsaiy to put a lai^ number of threads into 
the inch, the process must be reversed, and the 
extent oi pattern woven at each revolution, or 
Uie total use of all the books, reduced. At this 
point WB the vast range of problems whidi 
the deeigner deliberately laces when he under- 
takes to weak with the jacquard. 

Cards. The cards are the most valuaUeidea 
in the Jacquard ajq^axatus. By means of these the 
woriLof tving-upIsBun^ified. Making the cards 
is a mecharmsal operatioiL From the desigaer 


paper to omrreapoad with the hooks of the 
jacquard. On each fine those squares are marked 
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black, which shows that a warp thread is to be 
lifted. Perforations are cut in the card corre- 
sponding to the black squares on each line. 
Automatic machines have now been invented 
which do all but read the design, and cut the 
perforations with an accuracy the most sailful 
workman could hardly hope to equal. When the 
cards are cut, they are sewn together by another 
machine, modelled on the common sewing 
machine. 

The cards are folded together and set on the 
cylinder, a few slips requiring to be let out for 
the purpose. Considerable variation occurs at 
this point, some sheaves of cards being arranged 
80 that they merely fall over from one position 


plicity. Into the manifold uses of the jacquard 
we cannot enter. At the present day every 
textile industry utilises the jacquard in one form 
or another. Understanding of the machine takes 
us a considerable way towards making intelligent 
use of it, whether as weaver or designer, as 
managers or workers. If the student could always 
remember that the jacquard is little more than an 
fi'ggi'egfttion of healds, and think of each neck 
cord as a heald cord, he would not be led astray 
by the seemmg complexity of the contrivance. 

Making Cloth. Having examined the main 
parts of the loom, let us try to obtain a clear 
view of its general working in th( weaving- 
shed [176]. The shedding of the warp, the 
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to another, while others make a wide circle, as 
many as twenty cards flying loose like a slack 
belt. This and other minor details signify little 
to the student. 

Now let us see the connection of warp and 
jacquard. Every cord has a small weight at the 
end and an eyelet where the warp passes through. 
To each warp thread there is a cord, and we draw 
the threads through in the same way as has 
been done on the healds. The cords pass through 
what is called the cumber hoards and those which 
belong to the some hooks — that is, those attached 
to warp threads interweaving in one wav through- 
out the pattem^are joined, and from them single 
threads pass up to the hooks of the jacquard. 

In dealing with this wond^ul machine we 
have tried to keep strictly to the side of sim- 


crossing of the weft, and the beating of the 
reed in the slay, are the principal actions of 
the loom, and we can look at them in order. 
At the moment when the reed oomos up against 
the cloth, the loom is in balance, and ready 
for another operation. The slay swings back, 
and the parts begin to act. The tappets, or 
the jacquard, shed the warp, opening it till 
the slay has reached the centre of its stroke. 
Then the shuttle comes flying through. The 
warp closes, while the slay comes forward, and, 
before the shed is shut, drives home the weft. 

All the other parts move in harmony with these, 
being governed more or less directly by them. 
It is in the adjustment of part to part that the 
harmony of the loom is obtained, and a good 
cloth woven. The shuttle must be directed 
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» 80 thal it will fly straight, 
the reed must in direct line with the 
shnttle-boK. The adjostmeat of the warp calls 
for the cloeeBt attention. While the under hi^ 
o{ the shed should lie level on the shuttle 
race to give the shuttle a free flight, the least 
pressure on the race will alter the balanc^ of 
the tension and cause slackness. The taking- 
up motion needs to be watched, for tihe least 
variation in the leverage alters the whole 
character of the clotn. On looms with 
numerous mountings the duties of the over- 
looker and weaver are con'ospondingly in- 
creased. We have developed the loom to a 
high d^ree, and made it almost automatic, 
as we have seen in the Northrop loom ; but 
human skill and attention can by no means 
bo dispensed with. The weaver is the cloth- 
maker stUl. Bnflcen picks, flakes, twists, and 
other faults may occur in anv web if the 
weaver is not careful ; even with the greatest 
care they do occur, and must be neatly and 


remaining atationary. But when ganae ia to be 
made the whole doup heald lift^ bringing the 
thread it carriea to the contrary aide of ita neigh- 
hour, and forming a croaaing which the paaaage 
of the weft renders permanent. dim- 
oulty in this operation has always troubled 
weavers, and that is the sudden puli of the 
doupheald ; lifting the threads it carries above 
the ordinary tension causes many breaks 
if not otherwise prevented. Slaokeners of 
various kinds have been invented. The one 
thing to be demanded from any slaokener is 
that it should act only with the doup heald 
and let the slack baclc iKhen the need for it 
has ceased. In the diagram [178] the whole 
action of the warp ( W) is shown. The heald 

relati(w?to^he slacl^ner (EH).^”^^e 
rest of the mechaniam drawn haa already 
been desoribed. 

Loom. The looms used in linen 
manufacture are almost identical with those 


quickly repaired. To get a fine skin on the ^ 77 , ik>tjp cotton-weaver. In the linen weaving 
cloth is the supreme object of' the astin^ hssxd t^re are plmn looms, looms equipped 


weaver ; but the weaver of the coarsest jute" 
should not be unmindful of the same. A perusal 
of the wagea-book of anv weaving factory would 
startle many who lightly think of the weaving 
craft Some weavers earn an average' of 28b. 
per week, vdmie others, working under exactly 
equal ooiiditkma,{aal to earn more than 
14 b. The driving power, the materials, 
the looms, and the products are the 
same ; but the weavers are different. 

Gmuwm Loom. The peouliar oha- 
raoteriatio of gaum weaving ia that the 
waip tlneada partially tu ist round each 
other, and form a kwp over the weft. 

To obtain this mobility in the wa^, a 
speoial mechaniam haa been devised. 

'Alia ia what ia known as the doup 
heald [176]. The doup consista of an 
onlinaQr heald, with the addition of 
another half hmid, or slip. The slip 
may either pass through the mail of 
the ordinaiy ueald and over the top of 
it, or it may pm en~ 

tire^thioeigh it. In j. 

the latter case, the "7:.. T jm 

slip is held in position • * if 

by the thread of warp ^ u 

passing through it ; A 

m the former case, the heald remains Ij 

in position at all times. The purpose I 

of the doup ia to raise the warn threads 
so as to produce a twist. For illaa- 
tration, suppose that we are work- 
ing strips of alternate gauze and 
plain cloth. Two common healds are 
required, and the warp is drawn 
through them in the usual manner. 

The doup heald ia placed in front, and 
one threM of each pair eroaaed undnr the other 
and p aa aed throng the of the doup. In 
weaving plain clo^ the loose riaoa and talk 
into himony with the other heakia, to avoid 
ehanging the position of the warp threflda paaaed 
throi^ it, main part of the doup hesAd 
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with the jacquard and dobby fittings, and 
many looms of great weight. One feature, how- 
ever, is apeoial to the Imen loom, and that is 
the slackening beam. In spite of every device, 
linen remains a hard thread, with little elaatioity, 
and the lack of that quality makes it difficult to 
working power loom. Thedefect 
has been greatly minimised by a 
very simple expedient. On ita way 
to the heddles,or healds, the 
^ warp ispaa^ over what are 
callm carrier beams. One 
of these ia lifted by a cam as 
the batten drives home the 
weft thread between the 
closing shed of the warp, 
and calls up the slack of 
the warp. When the healds 
open the shed again the 
roller sinks into ita place, 
letting out the warp to form 
the shed. 

Jute and Silll Looma. 

The jute loom haa about it 
no special features ; 
ita size alone marks 
it out from all other 
textile weaving 
machines. 

In no textile trade is them 
such a variety of looms used as 
in the silk industry. Inoountiy 
viUqra, in tho very heart ol 
Lonuon, we find silk woven on 
hand kxuns with and without 
jacquard apparatus. In the 
great oentM of silk manu- 
^ture, such as Covenfry ahd 
Maooloafield, we find t|ic fine adaptotioiia of all 
the highest terns of loom. The lappet, the 
swivel, the jacquard, and all the otter fancy 
devicea ace utils^ The student ei silfc may not 
omit tte atu^of any form ol weaving inaomiie. 
Cmdsmsd 
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ARITHMETICAL PROGRESSION 

148. If wo have a series of quantities such 
that the difference between any one of them 
and the preceding one is the same throughout 
the series, the quantities are said to be in 
Arithmetical Frogression. 

We shall use the letters A.P. as an abbrevia* 
tion for Aiithmetical Progression. 

Examples. 

(i.) 1 , 4, 7, 10 are in A.P. 

(ii.) 6, 3, 1, - 1 are in A.P. 

(lii.) a, a+d, a+ 2 d are in A.P. 

The difference between each term and the 
preceding term is called the common difference. 
In the tot of the given series, by subtracting 
any term from the term which follows it, we 
see that the common difference is 3 ; in the 
second series it is - 2 ; in the third series 
it is d, 

144. Series (iii.) in the last Article represents 
the general form of an A.P. The coefficient 
of d in the different terms should be noticed. 
Thus, in the 2nd term the coefficient of d is 1 ; 
in the 3rd term it is 2 ; in the 4th term it is 3. 
so that the coej^Aent of d is always less by unity 
than the nunSter of the term/ Hence, in the 
nth term, the coefficient will be (n - 1 ), and the 
nth term = o 4- (n - l)d. 

Therefore, we can write down any term of an 
A.P. when we know the first term and the 
oemmon difference. 

Example. The 24th term of the series whose 
first term is 17 and common difference -3, is 
17+ (24-1) (-3), or 17 -62, i.e., -52. 

146. When any two terms of an A.P. are 
known, any other term of the series can lie 
found. 

Example. The Sth term of an A.P. is 25 
and the 21st term is 51. Find the .3rd term. 

Let a =3 the let term, d == the common differ^ 
enoe. Then, 

the 8 th term a + 7d =25, . . ( 1 ) 
the 2lBt term = o + 20d =51. . . (2) 

Solving the equations (1) and ( 2 ) we find 
a = 11, d = 2. Hence, 

the 3rd term = a + 2d 

= 11+4 =15 A ns. 

146. If three quantities are in A P., the 
middle one is called the Arithmetic Mean 
between other two. 

The arithmetic mean between two given quan- 
tities a and 6 , is easily found. For, if a; be the 
xequlxed mean, a, », 4 are in A.P , so that »-o 
and 6—96 are each equal to the common differ- 
ence. Hence, 

»-«!= 


from which we obtain 

,.,_« + 5 

' ^ 2' * 

Thus, the arithmetic mean of two ynantities is 
haif their sum, 

147. In a similar way, if we have any number 
of quantities m A P., the intermediate terms 
are called arithmetic means between the fiist 
and last An example will make clear the 
method of inserting any required number of 
means between two given quantities. 

Example. luseit 4 arithmetic means between 
7 and - 8. 

Having inserted 4 means between 7 and —8, 
we shall then have sic terms in A.P. We have, 
therefore, to find the ciimmon difference of a 
series in which the 6th term is -8 and the 
Ist term is 7. 

Let d be the common difference. Then, 

-8= 7+ 5d [Art. 144]; 

therefore, 

d= -3. 

The series is therefore 7, 4, 1, - 2, - 6, - 8. 

148. 7'o find the sum of any number of (eimt 
of an A,F, 

Let a = the first term, d » the common 
difference, and I = the last term. Clearly the 
term before the last will be (I - d), and the next 
preceding one will be (I -‘2d). Suppose aie 
required to find the sum of n terms. We 
cannot write down eoery term of the series, 
since wo do not know the actual values of a, d, 
and n ; but writing a few of the terms at each 
end of the senes we have, if « bo the ro({uirod 
sum, 

#=a+(n+d) + (a + 2d) + ... + (/ — 2d) + (^ — d) + i. 
Writing the series in reverse order we get 
i»=( + (l-d) + ((-2d)-i-... + (a+2d) + («+d)+a. 
Hence, adding corresponding terms, 

= (a + 1) + (a + 0 + (<»-l’ 0 ■b...tontenii8, 
= n (a + 1), 

Therefore, 

+ U) 

Now, 

a-i-1 = a+ a+ (n- l)d [Alt 144], 

= 2a+ 

Hence, 

( 2 ) 

Of these two formulm (2) is perhaps more 
useful than (1), but both should be remembered. 

Example 1. Sum the series 1, 3, 5, 7, 9 ... to 
20 terms. 
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MATHVMATICS 

Here a s (2 2, h — 20. 

Therefore, 

.= <2+ (19x2)} 

= 10x40=400 

Example 2. Ho«v many terms of the series 
28, 24, 20 ... must be taken in order that their 
sum may be 88 ? 

Let n be the required number of terms. The 
common difference of the series is 
24-28= -4. 

Hence, using formula (2) of the ptesent article, 
we liave 

88=-”-{56-4(n-l)}, 

or, on simplification, 

n2-l5n-f 44=0. 

The solution of this equation gives 
w = 4 orn = 11. 

Hence, the sum of 4 terms or of 11 terms will 
be 88. 

Note. Where ttoo values of n satisfy the 
question, the sum of the extra terms in the 
second case is zero. This is easily seen by 
writing down 11 terms of the given series, 

28, 24, 20, 16, 12, 8, 4, 0, -4, -8, -12. Evi- 
dently the sum of the last 7 terms is zero, so 
that the sum of 4 terms is the same as the sum 
of 4 + 7, or 11 terms. 

GEOMETRICAL PROGRESSION 

149. A series of quantities is in Geometrical 
Progremon when the ratio of any term to the 
preceding term is the same throughout the 
series. This ratio is called the common ratio 
of the series. 

Examples. 

(i.) 2, 4, 8, 16 ... is a G.P. whose common 
ratio is 2. 

(ii.) i » G.P. whose 

common ratio is — 

iS 

(iii.) a, ar, ar^...is a G.P. whose com- 
mon ratio is r. 

150. In the series whose 1st term is a and 
common ratio the 2nd term is ar, the 3rd term 
is ar^t the 4th term is ar^, and so on, the index 
of r always being less by unity than the number 
of the term. Thus, the gene'tal term, or ?ith 
term, of the aeries is ar*^^K Hence we can 
write down any term of a G.P. when we know 
the first term and the common ratio. 

161 . When any two terms of a G. P. are known, 
the series itself is easily found. 

Example. Find the 2nd term of a G.P. 
who.se 4th term is —2 and whose 7th term 



Let a be the 1st term and r tlie common ratio 
of the series. Then (Art. 150) the 4th term is 
ar^ and the 7th term is or®. 

Hence, 

m^»-2 (i), 

and of^= A . . . . (ii). 


Dividing the second equation by the first we 
have and therefore r = - Substi- 

tuting in (i) we get 0=16. Hence, the required 
2nd term 


= ar 

= 16 X =-8. Ans, 

152. When three quantities are in G.P. the 
middle one is called the geomeUie mean between 
the other two. 

Suppose o, h, c are in G.P. Then, 
b _ c 

since each of these ratios is the common ratio 
of the seiies. 

Therefore, 6^ = or^ 

or b = \/or. 

Hence, the geometric mean between two quan- 
tities is the square root of their product, 

158. When any number of terms are in G.P. 
the intermediate terms are called geometric meam 
between the first and last terms. 

Example. Insert 3 geometric means between 
6 and 96. We have here to find the series of 
5 terms (consisting of 6, 96, and the thiee 
means), of which the 1st term is 6, and the 
6th 96. 

Let r bo the common ratio. Then, since the 
6th term of the geneial series is orS we have 
6r^= 90. 

Therefore, = 16 ; 

therefore, r =±2. 

The series is therefore 6, 3:12, 24, ±48, 96, 
and the required means are ±12, 24, ±48. 

154. Sum of n Terms of a G.P. 

Let a bo the Ist term, r the common ratio. 
Then the nth term is ar^^^, the {n-l)th term 
is and so on. Hence, if s be the required 
sum, we have 

8 = a -I- or + ar-^ -4- ... + ar^"'^ + ar»“^. 

Multiply both sides of this equation by r, 
putting the terms of the right-hand side one 
place to the right. Then, 

V rs = ar + . . . -f -H 4- ar^. 

Subtract corresponding sides of the two equa- 
tions. 

Therefore, 8 ( 1 - r) = a - ar" ; 

4.1 c a(l-t^*) 

therefore, s= — ^ 

1 — r 

Example. Sum the series 1, 3, 9 ... to 6 terms. 

In this case a = 1, r = 3, n = 6. 

Therefore, 

1-3® 3®-l‘ 728 ofu 

2-=3o4.^ 

155. Sum of aa Infinite Number of 

Terme of a G.P. When the common ratio 
of a G.P. is less than unity, there is a limit to 
the value of the sum of its terms ; that is, we 
cannot make the sum as great as we please by 
taking a very large number of terms. For 
example, suppose we have a lino 3 in. long. 
First take away half the line, then take away 
half the remainder, then half of the new 
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reiiiiiind«r» And so on. The lengths of the parts 

taken away will be v» Now, 

Z 4 o li> 

the sum of the parts taken away can evidently 
never be greater than 3 in ; also, since the 
remainder diminishes indefinitely as the number 
of parts taken away is indefinitely increased, 
the sum of the parts taken away can be made 
to differ from 3 in. by an indefinitely small 
length. Hence, the sum of an infinite number 
of teims (or, the sum to infinity) of the scries 

1^1 is 3 

• 2> 4» g — 

The fornuila for the sum to infinity is deduced 
from tliat of Art. 154. 

a(l-t-) 


1-t l-r* 

Now, when r is less than unity, numeiically 
(whether it be + or -), the numerical value 
of decreases as n is made larger, and can 
be made as siimll as we please by sufficiently 
increasing the value of n. Hence, a can be 

made to differ from by as snmll a quantity 

as we please. 

The sum of an infinite number of te/ma of the 

series a, or, ar ^ ... is therefore r-^. 

1 — r 

It must be particularly noted that the **sum 
to infinity’* can only be found in cases where 
?' is leis tliaa unity. 

HARMONICAL PROGRESSION 

156. A series of quantities is in Haimonical 
Progreaaion if, when any Uiree consecutive terms 
are chosen, the difference between the first and 
second is to the difference between the second 
and third as the first is to the third. 

Thus, a, b, c, d are in H.P. if 
a-6 : : c, 

5-c : c-d \\b\d^ 

and so on, for every three consecutive terms. 

157. A more easily remembered definition is 
the lollowiiig : (iuaniiiiea art actid to be in 11, P. 
Y?hen iheW ^’eciprocala are in A,P, This relation 
is easily deduced from the definitian of the last 
article. For, if a, 5, c are in H.P., we have 

a - 5 ^ jo^ 

5-c c ‘ 

Therefore, ac - 6c = a5 - ac,m 

Divide both sides by abc, Tlien, 

b Ht c 6 ’ 

which shows that JL, 4^, -1. are in Arith- 
a 0 c 

moticfil Progression. 


are in Arith- 


156. When three quantities are in H.P,, the 
middle one is the hartncmic mean between the 
other two. 

If a, 6, c, are in H.P., we have proved that 
111 

— , - — , are in A P., and therefoie. 


6 a 


[Art. 146], 


Hence, h^~. 

o4”C 

ISO: The geometric mean of ttoo quantities is 
the geometric mean between their arithmetiu mean 
and their httrmonic mean 

Let a, 6, bo the tw'o quantities, and A, G, H, 
their arithmetic, geometric, and haiiiionic means, 
icspectively. 

Then, A = [Art. 146], 

A 


thereftire, 


O = [Art. 162], 


A X H = Iti X — = o6 = G>, 

2 a+b 

or G = \/ AH, 

so that G is the geometric mean between 

A and H. 

160. No general formula can be found for 
obtaining the sum of a number of terms in 

H. P. 

Many questions in H.P. are solved by con- 
sidering the ccwresj^Mmding pi oblem in A P. 

Example. Tn-eit 3 harmonic means between 
1 and 3. 

We insert 3 arithmetic means between I and 

I. , Their reciprc*cal8 will bo the required 
o 

liarmonic means. 

As in Art. 147, we find the arithmetic 
means are ~ . Hence, the required 
fi 3 

harmonic means are - , 2. 

o 2 

EXAMPLES 34 

1. The 3rd term of an A.P. is 72 and tlie 
Bth term is 37. Find the 1st term. 

2 Insert 4 arithmetic means lietweeu 2 and 
17. 

3. The sum of the 1st and 2nd terms of a 
G.P. is 10, and the sum of the 3rd and 4th 
terms is 160. Find the 5tli term. 

4 Sum the following series ; 

(L) 34- 6 4* 0-h ...to 15 terms 
(ii. ) 6 4- &J 4* 5 4- ... to 20 terms. 

(iii.) A 4 to 5 terms. 

(iv.) 14- A + ...to infinity. 


Continiked 
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By J. F. 

I ITTLE has been said hitherto upon the sub- 
ject of keeping books by what is known 
08 single entry. The reason has been that no 
acoountant would recommend the keeping of 
books by these means in a business of any 
size. Having regard to the fact, however, that 
there are many small traders who do keep their 
books in this way, it is necessary that some 
description of the process should be given. 
The great drawback of the method is the im- 
possibility of proving the accuracy of the 
records kept under it. 

Single Entry Methods. The books 
in use vary in different businesses, but usually 
there are a cash book and a ledger ; sometimes 
there is a day book. Wliat semblance of a 
system there is in keeping books by this method 
consists in entering in ^e cash book all cash 
received, from whatever source, and all cash 
paid away, for whatever purpose, and in keeping 
accounts in the ledger for customers owing 
money to the business. Sometimes the ledger 
contains also the accounts of wholesale dealers 
from whom goods have been purchased on 
credit. The “system” is usually a mixture 
of double entry and single so far as the practice 
observed in keeping the books is concemod. 
No goods account is kept, and the only way in 
which purchases and sales are recorded is on 
the casn and personal accounts. When a cash 
sale is made the cash received is merely entered 
on the debit side of the cash book, but no posting 
is made to the ledger. This is mere single entry, 
there being a debit entry, but no corresponding 
credit. 

Ledger Entriee. In a sale on credit the 
customer's account in the ledger is debited, 
but there is no credit to a ^ods or sales 
account. This is single entry. But when cash 
is received from a debtor in respect of goods 
previously sold on credit with which ho has 
been debited, the amount received is not only 
entered on the debit side of the cash book, it 
is posted to the credit of the customer’s account. 
This is complete double entry. Similarly, when 
payments are made for cash purchases the 
payments are recorded on the credit side of the 
caim book, but are not posted to a ledger account. 
Further, cash paid for rent, wages, and other 
expenses of the business, although entered on 
the credit side of the cash book, are not posted 
to nominal accounts in the ledger. Where no 
ledger accounts are kept for crcwUtbm the same 
principle is applied, and payments made to 
persons who have supplied goods on credit 
are not posted to the l^er. But where ledger 
accounts have been openra for persons who have 
supplied goods on cr^t the payments to them 
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are posted to their debit, as well as being entered 
on the credit side of the cash book. This, of 
course, is again complete double entry. There 
is thus very little system about single-entry 
bookkeeping, and this failing is particularly 
felt when a trader desires to know the result 
of his operations at the end of a year’s trans- 
actions. To meet his wishes in this respect a 
means has to bo devised for arriving at the 
desired result with some degree of acdUracy ; 
but although errors of magnitude can be 
avoided by the exercise of common-sense, it is 
not possible to place absolute reliance upon the 
result obtained. 

Single Entry Profit and Lose. The 

first step to be taken is to dissect the cash 
book. Taking the debit side, the receipts will 
probably be found to consist entirely of cash 
sales and receipts from debtors on credit sales. 
There may be also some items in respect of 
further capital introduced by the proprietor. 
The credit side will consist of payments for 
cash purchases, to persons for cremt purchases, 
rent, wages, rates, carriage and miscellaneous 
trade expenses. There will be also the pro- 
prietor’s drawings, and these must be care^lly 
inquired into, for money is frequently withdrawn 
from a business by the proprietor without a 
record of the fact. The ledger accounts must 
then be analysed to ascertain the amount of the 
credit sales, which will consist of the posting of 
goods to the debit of the personal accounts. 
These can be approximately checked by compar- 
ing the total of the entries with the cash received 
from debtors during the year plus the debts 
outstanding. After providing for any discounts 
or other allowances made to debtors, the two 
totals should agree. The same course must be 
pursued with the credit purchases, and a similar 
comparison made. 

The value of the stocks at the b^inning and 
end of the period will be required, and if these 
are obtainable a trading and profit and loss 
account can be prepared. There is, as a rule, 
no difficulty in botaming the stock at the close, 
but that at the beginnii^ is not usually so 
readily procurable unless it is a new business. 
The initial stock is generally the most uncertain 
element in the accounts prepared on this plan, 
and if it was not taken m a proper manner at 
the beginning of the trading period it must he 
estimated. 

Inasmuch as the whole result will depend 
upon the estimate formed, it must be very, 
carefully made, and the usual means adopted 
is to take the closing .stock at cost, add to this 
the total sales, less a percentaAe for gross 
profit, and then deduct the purchases. Here, 






o! ocraiie, eveiythiiig depends upon the trust- 
worthlneBS of the percentage o! gross profit, 
and if any oldier means are available the result 
should be tested by them. Care must be taken 
to ascertain if there are any outstanding liabili- 
ties not recorded in the books, in respect of 
rent, rates, wages, or other expenses, as these 
may materially affect the result. Having taken 
the above steps, a profit and loss account and 
balance-sheet can be prepared in tlie usual form. 

Converalon to Double Entry* The 
trader, after the trouble he will have experi- 
enced in obtaining these results, will probably 
desire to revise his methods of keeping his 
accounts in the future. If so, the first steps to 
be taken will be to bring into use purchases 
and sales books for Idle recording of all goods 
bought and sold on credit. The periodical 
posting of these books and the cash l^k into 
the ledger, together with the opening of a goods 
account and the various nominal accounts, 
will make his books capable of proof, and the 
results of accounts showing his trading opera- 
tions thoroughly reliable. 

If he decide to keep his books on double- 
entry principles in future, all that need be dime 
to record in his bodes the position shown in 
the balance-sheet is to open ledger accounts 
for his stock, for hts capital, and for the creditors 
if there are not accounts for them already. 
This having been done and the purchases and 
sales books brought into operation, the record 
of his truisactions will proceed upon ordinary 
double-entry lines. 

Hire ■ purchase Accounta. Many 
burinesses are now conducted upon the instal- 
ment plan — i.e., they sell their goods upon the 
terms that they may be paid for by tne pur- 
chasers gradually by periodical payments. 
When this is the case, t& price at which the 
goods are sold is naturally higher than that at 
which they would have bo^ sold for cash. This 
increased price is due to the fact that the seller 
does not receive the purchase price at once, 
but only a small portion of it, ana he, therefore, 
charges interest on the part unpaid. It Is this 
facto of interest that occasions the necessity 
of keeping the accounts of such businesses — 
known as hire-pwrehaee uccount8--<m special 
linee. 

Foimal agreements are entered into when 
sales of this nature take place, and for the 
proteotaon of the seller they gmerally treat the 
transaction as one for the hire of the goods, 
which aie to be made over to the hirer at the 
end of a stated period (provided the instalments 
are regularly paid), either without farther pay- 
ment or upon payment of a trifling amount. 
But, although the amements usually treat the 
transaetion as one of hire, it would not be correct 
lor the selto to treat the periodical payments 
lie iM^eives as income which he is entitled to 
take to cfedit in hill in his profit and loss account 
and yet at the name time treat the goods as his 
p^perty, although In the hands of another, 
fie nnupt deal with the matter on the basiB of a 
ia^ But he nuist not take credit for the full 
Mount shatged to the purchaser, since that 


price includes interest which is only accruing due 
over a more or less lengthened period. 

Manufacturer's Books. Business is 
conducted on these lines in connection with 
railway waggons, house furniture, pianofortes, 
cycles, etc., all over the kingdom, and it was 
principally in relation to railway waggons thcit 
accounts were first specially designed to meet 
the facts of this particular class of transaction. 
To take the case of the manufacturer first, it 
will be necessary for him to have his sales 
book ruled with two money columns — one for 
principal, the other for interest. When a sale 
is maae on the hire-purchase system the manu- 
facturer knows how much of the total price is 
for interest, and he enters the amounts in the 
two columns accordingly. The total price will be 
debited to the customer, the sales account 
will be credited with the amount of the principal 
or cash price, and the interest account with tho 
balance. 

The sold ledger will be ruled with two columns 
on each side-^no for principal, the other for 
interest. A note will be made at the head of each 
customer’s account as to the manner in which 
the price is to be paid. The debit to the customer 
will be divided into principal and interest, and 
the two amounts entered in the appropriate 
ooinmns. As he pays the instalments cash wUl 
be debited and he will be credited with the full 
amount, the Dioportimi attributable to principal 
beii^ enterea in the principal column and that 
to intoest in the other column. The earlier 
instalments will, of course, include a greater 
proportion of interest than the later, owing to 
there being a large amount of principal out- 
standing upon which interest has to be charged. 

Wfami the manufacturer is making up his 
accounts at the close of a trading period, he 
must not take credit for the full amount of 
interest which has, during the period, been 
credited to the interest account, as sake were 
effected. Although interest has been charged 
to the hirers or purchasers it has not all been 
earned, and a rebate, or allowance, must therefore 
be ma^ in respect of interest charged on the 
various purchasers’ accounts, but which has not 
yet accrued duo. 

He should also make provision for the fact 
that if some of the goods were returned by the 
purchasers they would probablv not be worth 
the amount at which th% stand to the debit of 
the various customers’ accounts. In some busi- 
nesses this ^ight not be so after a few payments 
had been mi^ but the manufacturer must, 
after taking all the circumstances into oonsi^ra- 
tion, make such aUowance as is in his opinion 
salient under this head. In order that the 
stttd^t may ioUow the working of this system 
the specimen of a customer’s account in a 
manumeturer’s ledger is given on the next page. 

Hirer’s BoolUi. matter has now to 
be considered from the view of the hirer or pur- 
chaser. When the agreement is entered into 
he does not credit the maaufactarer with the full 
amount of the purchase price, as the Utter 
becomes a creditor onfy when the instalmente 
fall due. The method adopted, therefore, is to 

mi 
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Agreement No. 1,853. ' 36 Monthly Payments of £3. 

Dr. W. BROWN Cr. 


1906. 


Interefit. 

Principal. 

1906. 


Interest. 

Principal. 

Jan. 1 

To Sale^ Account 


90 0 0 

Jan. 1 

By Cash 

0 16 0 

2 6 0 


„ Interest „ 

18 0 0 


Feb. 2 


0 14 2 

2 6 10 





Mar. 2 


0 13 4 

2 6 8 





April 3 

»• • • • • 

0 12 6 

2 7 7 





May 2 


0 116 

2 8 6 




1 

June 1 


0 10 7 

2 9 6 







14 3 0 

76 17 0 



£18 0 0 

90 0 0 



£18 0 0 

90 0 0 

1 VUD. 

July 1 

To Balance 

£14 3 0 

76 17 0 

1 


1 


debit an account opened for the article purchased 
— ^waggons, furniture, or as the case may be, with 
each instalment as it becomes due, and credit 
the manufacturer. When the instalment is 
paid the manufacturer is debited and cash 
* credited. The result is that, provided the in- 
stalments are paid promptly, there is no balance 
on the manufacturer’s account, as the credit of 
the instalment is immediately extinguished by 
the debit of cash. As the price of the goods, as 
we have seen, includes a considerable sum 
for interest, care must be taken to ensure that 
the articles purchased are included in the annual 
balance-sheet at not more than their actual 
value. This value will be the portion of the 
price which has been paid in respect of the 
principal amount due, irrespective of interest. 

The purchaser must ascertain how much of the 

g ice payable under the agreement is for interest. 

e can generally obtain the information from 
the manufacturer, or can arrive at it by finding out 
the cash ppce as compared with that which he is 
paying. The difference will , of c ourse, be interest, 
of winch, as already stated, the larger propor- 
tion will fall against the earlier years. At 
balancing time an adjustment must be made 
by debiting the interest apportionable to the 
year to Ibe profit and loss account and crediting 
the account of the articles purchased, whicJi 
will thus stand at their cash price in the books. 

Depreciation. In addition, provision must 
be ma^ for the depreciation of the articles, and 
the allowance calculated, not upon the portion 
of the price actually paid, but upon the full cash 
price. This depreciation is put through the 
books in the ordinary wa^ by debiting depre- 
ciation account and crediting the asset account 
with the amount written off. The net result 
of these entries will be that the asset will stand 
in the books at the end of the period over 
which the payments have been spread at its 
actual value to its owner. 

This method of dealing with articles bought 
on the hire-purchase mtem is obviously only 
necessary in the case of a trader who has made 
purchase of considerable value by these means. 
The ordinary man who has bou^t a cycle or 
pianoforte bv instalments does not keep an 
account at all, but it is of the utmost importance 
in the case of an hotel-keeper who has purchased 
a large quantity of furniture on the system, or a 
colliery proprietor who has bought a number of 
waggons. Unless both these individuals take 
steps to show the artioles they have purchased 
S918 


at their ca^h value only they will be overstating 
their profits, since they will not be debiting the 
profit and loss account with the interest on what 
is in effect borrowed money for the purchase of 
the articles. 

ROYALTIES 

A royalty is an amount paid by a person for 
the right to use the property of another. Thus 
the lessee of a mine pays a royalty to the owners 
of the land on which the mine is situated ; a 
theatrical manager pays a royalty to a dramatic 
author for the right to produce his play ; a 
manufacturer to a patentee for the right to use 
his patent, and so on. The amount paid in 
respect of the royalty depends upon the extent 
of the use which is enjoyed by the lessee or 
concessionaire in each case. A rate is usually 
fixed per unit. In the case of a colliery it is 
either upon the tonnage output or the superficial 
or cubic area worked. In the cose of a patent it 
will depend upon the number of articles produced, 
in the manufacture of which the patent has been 
used ; and in the case of a play, it depends upon 
the number of performances. 

It will be seen, therefore, that the amount paid 
in respect of a royalty is as much an expense of 
the particular business paying it as the rent, 
salaries, and other working expenses. It must 
be treated in the same way as the other expenses 
and debited to the profit and loss account 
As the amount depends upon the extent of the 
user, a careful record must be kept, which must 
be available for inspection by the owner of the 
property, showing the output or production as 
the case may be. The form which the record 
will take must depend upon the nature of the 
property for the use of which the royalty is 
paid. In the case of a colliery, if the royalty 
is upon tonnage, the amount recorded in the pit 
books and agreed by the workmen’s check 
weigher will be accepted by the lanc^lord ; while 
if it is upon area It will be fixed by survey. 
In most cases, when once the amount payable 
has been agreed, the entries to be made in the 
books of we business having the use of the 
property are simply a debit to the profit and 
JOSS accoimt under the head of royalties, and a 
credit to the owner. When he is paid he is 
debited and cash credited, and this will close the 
matter until the next periodical payment be- 
comes due. 

Minlsii Royaltlea. But in the case of a 

colliery a slight complication frequently arises. 
The form which the concession usually takes is 






« ior ^ Mrpose of 

flBMnlBg «i^bto Bttliyaot ^ ^ fw^rmeat of a mmi> 
vam MHUftl «iiai. Jia aonouat of To^raltf is also 
iixed, whidlt we wiU Mume is payable upon the 
amount of coal raised. The fixed miniiimm is 
nsnafiy known as dead rent. If it exceeds the 
royalty upon 4he coal raised in a particular year, 
then nothing beyond the dead rent is payi^le ; 
but if, on the contrary, the ro 3 ^ 1 ty exceeds the 
dead rent, the latter becomes merged in the 
royalty and tmly the royalty on the tonnage is 
paid. 

Radeemnhie Dead Renta. There is 
often a further provision in the -lease that 
payments of deaa rents in excess of royalties 
may be recovered by deduction from future 
royalties when these exceed the dead rent in a 
pa^icular ^ar. Efbt the operation of this right 
IB usually Hmited as to the time within which it 
may be ex^oised. The time limit is frequently 
€ve years. Thus, unless by the end of the fifth 
year the royalty exceed the dead rmita, any 
excess dead rent on the first year will become 
irrecoverable, while if that stale of things con- 
tinued for another year, the excess cm the second 
year would be lost to the lessee. So long as the 
ri|^ of recovery exists, the excess of dead rent 
paid is carried forward as an asset, the only 
charge to the profit and loss acoount in respect of 
the sum payable under the lease beii^ the 
i*oyalty on the coal actually raised. But so soon 
as the period has gone by within which it could 
have been deduct from excess royalties, it 
must be written off to profit and loss. 

Ttie woiking of the folkrwmg example will show 
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the stKdmit how the redeemable dead^revt and 
the royahy accounts arc dealt with in the books 
of the pecson woridng the colliery : A lease of a 
colliery is granted at a minimum dead rent of 
£600 per annum, merging into a royalty of Is. 
per ton, with a to recover dead r^ts out of 
royalties paid wi^iin five Vears. The quantity ^ 
coal raised was 800 tons the first year, 4,600 tons 
the second year, and 76,000 tons the third year. 

It will be observed that the amount received 
by the landlord for the three years — viz , £4,020 
— ^is the amount of the royalty on actual output. 

Investigation and Audit. Our me&od 
in dealing with the subject has necessarily 
been to describe the process of recording 
transactions of different kmds in the books of an 
undertaking. The organisation of accounts on 
such a bask as to facilitate the keeping of the 
financial records of the business, and to give the 
proprietor of the concern the information he 
requires in the best possible way, k an important 
branch the accountant's profession, but one 
not less 80 is that dealing wsm the investigation 
of aecounta, including their audit. The busmess 
man k well advised nlho leaves investigation and 
audit to A skilled accountant, for no man who 
has not been specially trained to the work can 
be regarded as a reliable investigator and auditor 
of aeoonnts. There are two societies of pro- 
lesskmal aocoantants in England and Wall- 
ets., the Institnte of Ohartered Aoeountants, 
whkh confines its operatkinB to the countries 
named, and the Somety of Acooimtants and 
Auditors, which baa brashes m other parta of 
the world. The members of the former body 
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are known as chartered accountants, those of the 
latter as incorporated accountants. The char> 
tered institute dates from 1880, the incorporated 
society from 1885, and both have large member- 
ships. It will be seen from the dates mentioned 
that, as compared with medicine and the law, the 
organisation of the profession of accountancy is 
comparatively ^oung ; but it should be men- 
tioned that societies of earlier foundation were 
merged in the institute on its formation, and, of 
course, the practice of accounting in a more or 
less primitive state dates back to the early ages. 
There arc accountants* societies in Scotland 
and Ireland, the former being older than the 
English bodies. 

Professional Accountants. The con- 
ditions for admission to membership of the 
various societies arc practically the same, the 
principle rule being that intending members must 
serve five years’ articles of apprenticeship to a 
practising member. During the period under 
articles the would-be accountant is learning his 
business in its various aspects, a considerable 
portion of his time in the earlier years being 
occupied in acting as junior clerk on audits. In 
the later years ho is, naturallj^, doing more 
important work, and gradually acquiring a 
knowledge of the different branches of his pro- 
fession. Ho is required to pass a preliminary 
examination before admission to articles, and 
during his service he has to pass an intermediate 
examination. At the expiration of his articles he 
presents himself for his final examination, and 
if he satisfies the examiners is admitted to full 
membership of his society. The subjects of 
examination are, of course, those of which a 
knowledge is required by the accountant in 
his profession. They are set out in full on 
pages 148 and 149. 

The proper training and examination of a 
body of men capable of investigating the financial 
hooKB of a concern, with a view to ascertaining 
the accuracy or otherwise of the records in them, 
is a work of immense value to the commercial 
community generally, having regard to the 
dependence which has to be placed upon such 
records. 

Merchants and others are not slow to avail 
themselves of the opportunity afforded them 
of checking the work of their employees by 
means of the audit of their accounts conducted 
by a professional accountant. * 

The class of work upon which incorporated 
and chartered accountants are largely employed 
is the audit of the accounts of private concerns 
and limited companies. The reason of the non- 
discovery of many of the frauds which have 
been exposed of recent years, particularly in 
connection with the accounts of Friendly Societies, 
bM been the failure to employ professional men 
as auditors. Eelianoe has, instead, been placed 
upon the well-meant but quite incompetent 


examination of the aocountl^oonducted by men 
who, in some cases, were quite ignorant of the 
first principles of bookkeepmg. This condition of 
thin^ still exists to a large extent, although 
matters are improving. 

From what has been said, it will be apparent 
that, although certain principles and rules might 
be laid down in connection With the invest^a- 
tion of accounts for the guidance of the ordinary 
business man who wishes to know that his book- 
keeping arrangements are satisfactory, or for the 
young clerk who desires to be more thai^^'a 
recording machine, it is not possible to give in the 
shape of an article the knowledge that is required 
to make the practical auditor and complete 
accountant. Something can be done in that 
direction, but the only satisfactory course for 
the beginner is to enter the bffice of a chartered 
or incorporated accountant, and go through the 
whole routine necessary to fully qualify himself ; 
while for the business man engaged in his own 
afiairs all the year round the only safe course is 
to employ a properly qualified accountant to 
safeguard his interests by auditing his books 
periodically. 

Work of a Profeasional Accountant. 

Professional accountants, in addition to their 
work as auditors, are largely engaged in ex- 
amining into and reporting upon the accounts 
of businesses which it is proposed to con- 
vert into limited companies. This function, 
to which reference was made in the article on 
company work, is of the utmost importance, os 
the public probably place more reliance upon the 
certificate of the accountant as to the past 
working of the concern than upon any other 
statement in a prospectus. They arc further 
extensively employed as trustees in bank- 
ruptcies and under .deeds of arrangement, as 
liquidators in the winding up of companies, and 
as receivers of properties on behalf of mortgagees 
and debenture holders. In any of these oapaei- 
ties they may be required to carry on a business 
for a more or less extended period, pr their 
duties may be confined to the realisation of the 
property to the best advantage, and the dis- 
tribution of the proceeds amongst the persons 
entitled. 

From this brief summary of some of the 
more important duties of the professional 
accountant the reader will see that a training 
in the office of an incorporated of a chartered 
accountant with a varied practice affords a 
splendid opportunity* of becoming familiar with 
the working of all kinds of businesses. This fact 
is of considerable value, for many young ac- 
countants, after serving their articles, seek 
positions as secretaries," managers and accoun- 
tants of important companies and publio 
bodies, and their prospects of success are greatly 
enhanced if they nold the diploma of one of tbs 
recognised societies. 
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By JOSEPH W, HORNER 


l^AWvhide Gears. Pinions which run at theory of construction is based upon an almost 
high speeds, such as those on electric motor obsolete form of gear termed steiyped gear, 

spindles, are frequently made of raw hide. where the width of the teeth is divided 

Discs of ox hide are cemented together in layers into a number of equal parts and each part is 

under pressure in order to form the rough moved slightly in advance of its fellow. The 

blank, which is then machined all over to finished merging of these steps into a straight line gives 
sizes ; side plates — ^usually of gunmetal — are a helical curve to the tooth ; it is necessary 
fitted as shown in section 104, and the teeth to make it right and left, or dovhl^ heHcal, 

are cut through the hide and through the metal as it is termed, in order to avoid end thrust on 

plates. ^ Sometimes one of the side plates has the shafts. These gears are usually cast, but can 

cast with it a bush, which passes through the be machine-cut. They are used largely for rolling- 

pinion and forms a stronger driving medium mill engines where reversal under load occurs, 

for the key than can be afforded by the hide The usual angle for the teeth is 30 deg. measured 

and plates alone. Wheels have been made of from a horizontal line parallel with the shaft, 
raw hide up to 3 ft. diameter, the rim being of Internal Gears. These gears are made 
hide and the arms and boss of cast iron Hut h by forming the teeth upon the inside of the wheel 
wheels are, however, unusual, it being th»* more rim as indicated in 110. The principle of tooth 
common practice to make pinions formation is the same as for outside 

onljr of hide and the wheels with ^ A teeth, but the spaces become the teeth 

which they gear of metal. The ob- L i — namely, the tooth curve is reversed ; 

ject in using raw hide is to ensure ^ odontograph can be used for 

noi^less running. cycloidal teeth, but the face curve is 

Mortise Teeth, Another and marked from the flank data on the 

an older device to ensure a quiet “* instrument, while the flank curve is 

running gear is to make the wheel ^ ^ i 5 marked from the face data. If involute 

teeth of wood; such teeth are j teeth be struck, then the curve becomes 

termed co 7 «, are made separately * I t concave instead of convex. When the 

by hand labour, and are fitted into ^ ^ ^ ratio of wheel and pinion becomes very 

slots cast in the wheel nm. Fig. 105 ^ ^ ^ small, difficulties are encountered by 

shows a good method, of securing _ reason of the teeth fouling each other, 

the teeth as well as the proportions -f r " 1 ... Normally, there should be at least 

for tooth and wheel rim ; the figures ^ T a difference of 15 teeth between 

given are to be multiplied by the ^ ^ — ii wheel and pinion. Internal gears 

circular pitch in order to obtain LL__l!’r U i are used on lathe hcadstocks, re- 

a<'tual dimensions. Mortise wheels o.a volving gears on cranes, and so 

are used in flour mills, cotton mills, forth, or in cases in which both 

etc. The cogs are made of well- 104. raw-hide pinion driving and driven shaft must 
seasoned rotate in 

^ |L lUBL^ Jt-iLji 

s-** ill li 7 7 , ,i_i / fTHTn 

the grain iST M HhIIMIIHibP straight line 

mnstrunin »ll nsff Mlf mi Hia Bif of teeth as 

a radial Wedgeil 107 . Platod If I j;, 

sense as shown in the illustration used to produce rectilinear motion 

1106]. Instead of holding th^ K\ Cl\ from rotary motion, or vice versa ; 

t^tn by means of pins, wooden it is applied to the tables of plan- 

ivedges, as 108, or steel plates, ^ o ' ' o , o ' ing machines, the operation of 

as 107, may be used, and \ 1 . ? ' ; ,1 sluice-doors, and so forth. The 

pins are UB»d where the arms marked put with 

occur, as in 108. This class ^ \ j I f the odontograph for cycloidal 

of gear is expensive, and is I •' curves. If a rack be required to 

gramially fa-llmg into disfavour. | | gear with an involute pinion, then 

Helical Teeth. A quiet gear LJ~LJ become a straight 

drive is obtained by making the teeth line drawn at right angles to the 

short lengths of a right and left hand angle of obliquity, as in 111. A rack 

screw or helix, as shown in 109 ; the 105-8. mobtiss tbbth is in effect part of a circle of infinite 
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104. RAW-HIDE PINION 


I'm 


100. Wedged 


sense as shown in the illustration 
[105]. Instead of holding th^ K\ 
t^th by means of pins, wooden 

wedges, as 108, or steel plates, y • o , ’ 

as 107, may be used, and \ 1 . ? ' ; 

pins are used where the arms P 

occur, as in 108. This class pJ \ 1 i / ® 

of gear is expensive, and is I • 

gradually falling into disfavour. | ; 

Helical Teeth. A quiet gear 
drive is obtained by making the teeth 
short ImgtiiB of a nght and left hand J®*- •"“» 





diameter $ the oiroiimfereace of a circle approaches 
a straight line as the diameter increases, and 
when die diameter is infinite any part of the 
circumference is a straight line. Cycloidal 
cunres are formed by the rolling of gene- 
rating circles upon a straight line as well 
as UTOn a curved line, but an involute 
stru^ from a straight line becomes a 
straif^t line. 

Bevel Gears. We have hitherto only 
dealt with uears having their teeth formed 
upon parauel surfaces ; bevel gears have 
their teeth formed upon conic^ surfaces, 
and are used for connecting shafts which 
are not parallel. Fig. 112 gives thr^ 
views of a pair of conical cylinders in 
contact, having their axes at right angles 
and intersecting at O ; considering the lines ^ 
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of contact A, B, and C as pitch lines, ordi- 
nary cycloidal or involute teeth may be 
formed upon them ; the pitch circle, the 
pitch, and the section of tooth cu'e reduced 
from the “major” diameter D to the 
“ minor ” diameter £, following radial lines 
to O. A section of a pair of bevels is given 
in 118, together with the method of mark- 
ing out the teeth at the major and minor 
diameters. Draw the axes or shaft centre 
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lines are then drawn from the outer arc to centre, 
F, and u^n these lines the pitch and the tooth 
section mminish regularly. The oorrespcmding 
depth of tooth is ^en by compasses tom the 
minor diameter in the sectional view. The 
development of the teeth on the inner arc 
of the pinion is dealt with in the same 
manner as for the wheel. 

When bevel gears are made with equal 
diameter wheeb they are termed m/Ure 
gears from the fact that the pitch lines make 
an angle of 45 deg. with the axes of the 
shafts. Bevel gears may be made with 
axes at other than right angles; if the 
angle be greater than 90 deg. they are 
frequently termed angle spur gears. 

^e thickness of the rims of bevel gears 
is made about *56 of the pitch at the major 
diameter and decreases radially to the 
minor diameter. The arms are usually 
made T section, as in 114, and to the pro- 
portions given for cross arms for spur 
wheels, '[^e strength of a bevel tooth is 
calculated at the mean pitch. Bevel gears 
may be half shrouded or fully shrouded, 
and they may be made with helical teeth 
or with mortise teeth or of rawhide. 
Screw Gears. When the axes of 


109. 

HELICAL 

lines, O A and 0 B, intersecting at O, toothed spur wheels gearing together are not in the same 
then the major diameters C and D, then cbab plane, recourse is had to screw or sjwal 
the pitch lines ex- 
tending to O ; mark 



off the width of 
tooth £, and its 
depth and clear- 
ance ; the major 
diameter is 
counted as 
the true 
pitch dia- 
meter, and 
the ordinary 
proportions 
of teeth, 
etc., apply 
there ; the 
width of 
the tooth 
may be 
taken as the same 
as in spur gears. 

Lanes are now drawn 
at right angles to the 
pitch lines of the 
teeth and extended to 
F and G and to H and 
J ; arcs are then struck froih 
F and G, the outer arc in each 
case being the develop^ pitch 
circle at the major diameter, 
and upon which the teeth are 
markM out as in spur gears, 
the inner arc being the de- 
veloped pitch circle at the 
minor diameter. The radius 
of the inner arc for the bevel 
wheel is taken from H K, and 
is transferred to F L ; radial 
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gears. The 
teeth are 
formed upon 
cylindrical 
surfaces, but 
they are not 
parallel with 
the axes of the 
cylinders ; 
each tooth 
is a portion 
of a spiral 
thread or 
helix. A 
screw 
wheel may 
have any 
number of 
such teeth 
from one 
upwards ; 
a one- 
toothe d 
screw 
wheel is 
termed a 
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worm^t ana corresponds to a 
single-thread screw ; a many- 
toothed wheel corresponds to 
a multiple-thread screw. The 
seotaon of these screw threads 
is a standard tooth form, gene- 
rally the involute. Fig. 115 
shows a pair of screw >vheels 
gearing together, their axis 
- Mag at right angW The screw 
threads on both vdieels are the 
same hand; the number of 
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teeih is counted as the numbet of screw 
threads involved, in the same way a^ 
we would speak of a double, triple, or 
quadruple thread screw. In the case 
illustrated there are 12 threads, or 
teeth, in each wheel ; they will, 
therefore, transmit motion at 
equal velocities. But such gears 
can be made with different dia- 
meters and numbers of teeth, in order to giv(^ 
different velocities. The method of drawing a 
screw wheel is shown in 116, together with 
explanatory projections. .The primary pitch or 
lead of spired, A, is the length of cylinder required 
to complete a turn of the screw or spiral ; the 
circular pitch, B, is the distance between the 
centres of adjacent teeth measured around the 
circumference ; the normal pitch is the distance 
between the centres of adjacent teeth, measured 
at right angles to the spiral ; the divided axial 
pitch, C, is the distance between the centres of 
adjacent teeth measured on the axial line. 

The normal pitch may be regarded as the true 
pitch of the teeth, as compared with the circular 
pitch of a spur wheel, for although it does 
not represent direct circumferential measure- 
ment, yet the standard tooth profiles and 
proportions are based thereon. 

Pitch diameters, spiral leads, and 
circular pitches may vary 

in any two wheels in 

gear, but the normal 
pitch must be constant, 
otherwise 
they will not 
work t o- 
gether. In 
order to sot 
out a screw 
wheel it is 
convenient 
to start with 
the circular 

pitch, and this is readily ob- 
tained from the normal pitch 
by means of the diagram in 116. 

Draw a horizontal line. A' B', 
and extend a line. A' O', repre- 
senting the tooth angle, and 
draw a line normal to this and 
of a length equal to the normal 
pitch, D' E' ; then A' D' equals 
the circular pitch. When the 
axes of the shafts intersect at 
right angles, as in 115, it is essential 
that the sum of the respective tooth 
angles be 90 deg., and it is, of course, 
convenient to msdee each one 45 deg. 

Delineating the Spiral. Having 
obtained the circular pitch, calculate the* 
pitch diameter, as in the case of spur 
gears, and draw the pitch circle, D in face 
elevation [116], and also in side elevation 
E F G H, which latter may be termed the 
pUch cylinder. Unroll this cylinder until 
the length, £J, represents its circum- 
ference, and then draw the diagonal, E K, 
which is the developed spird, and lay 



down a line 
from J to L per- 
pendicular to 
E K. Now 
divide E J into 
as many parts 
as there are 
teeth in the 
wheel. Taking 
one of these 
parts, JM, we 
liave the cir- 


/ 


/ 
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cular pitch. Then divide J K 
into the same number of ]'.art3 
and take one of them, J N ; 
draw a line from N to M, cutting 
J L at 0, and 
then J O is 
the normal 
pitch, and 
J N IS the 
divided axial 
pitch. The 
next step is to 
develop the 
end elevation 
of the teeth 
in order to 
draw the face 
view. To do 
this it is first 
ne0£‘ssary to ascer- 
tain the diameter 
of the normal pitch 
circle, and this must 
be measured in the 
same plane as the 
normal pitch. Upon 
the line £ J, mark 
off a distance, EP, 
equal to the radius 
of the pitch 
cylinder, »uid draw a horizontal line, 
P R, cutting E K at R ; then lay 
down a line, R G, perpendicular to 
£ K, and £ G is the radius of the 
normal pitch circle. To develop the teeth, 
transfer the radius, E G, to the lower left 
hand view [116], and upon it mark out 
involute teeth of the pitch required, as in 
ordinary spur gears. Selecting a tooth 
whose centre line coincides with the a^le 
of the spiral, we project its various thick- 
nesses upon a vertical line, 8 T, and re- 
project ^em upon a horizontal line, U V, 
the depth of the tooth remaining the same 
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pomttt flo ob- 
tained. Aalioe 
may be taken 
from the oylin- 
der of pro- 
jected spirals, 
as X, andihis 
sdice is the 
screw wheel 
required. The 
width, X, 
should be suf- 
ficient to en- 
sure at least 
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teeth being 

in each case. We may now transfer the tooth well in contact before the next pair leave 

developed on line U V to the face elevation of the contact. This is attained if the width be made 

wheel. The teeth and the spaces look abnormally to contain a pitch and a half measured circum- 

wide, but this is, of course, due to the fact that ferentially, as shown in the face elevation, 

they are not perpendicular to the face of the wheel. Screw gears may be made with their axes at 
The pitch line is now projected upon the various angles, and with wheels of various dia- 
cylinder in the same manner as we projected meters ; the teeth of helical gears, as mentioned 
the helix and the screw thread on page 3003. earlier in this lesson, are portions of similar spirals. 

A tooth may be also projected in a similar way The Worm end Wheel. This is a true 
by considering it to be coiled on a cylinder of a screw gear, with axes usually, though not neoes- 

diameter equal to that of the wheel measured sarily, at right angles [117]. The worm may be 

under the teeth, as W. There is no necessity to single thread or multiple &read, the wheel con- 

draw the complete helix in actual practice, but taining many portions of internal threads, 

it is shown so in 116 in order to present the formed on an external surface. The sections of 

principle in as clear a manner as possible. the threads are involute teeth, those of the worm 

Further teeth may be drawn without the labour having straight faces and flanks similar to a rack, 

of projecting each one. Make a tracing- of one The pjojeotion of the worm presonts no difficulty, 

half helix, and move it successively one axial since it is a true spiral. The number of thread 

pitch, pricking off the tooth points in turn ; on the worm affects the speed of the worm wheel 

the tooth curves may then be drawn through the in direct ratio — that is to say, a single, double, 
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or tnple thread worm driving 
a wheel having, say, 33 teeth 
would have to make 33, 16^, 
and 11 revolutions respectively 
to each revolution of the wheel 
Worm gears are generally used 
for the purpose of speed reduo 
tion OA account of the gieat 
difference obtainable m a small 
space Fig 118 shows a typical 
example of a worm gear reduction 
m an oil tight case The worm 
wheel itself has a phosphor bronze 
nm, out of which the teeth are 
out, this nm being fitted tightly 
on to a cast iron centre, and 
secured thereon by means of four 
set screws, spaced circumfei 
entially The worm is of mild 
steel, triple thread, left hand , 
the wheel has 60 teeth The 


worm shaft is coupled to an 
electno motor spindlt runnmer 
at 500 revolutions pti mmutc 
and the speed of the worm wheel 


shaft IS therefore ^ 


revolutions pei minute Tht 
casing 18 of cast iron, and has 
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a circular bracket cast on as shown, m order to is usual with small worms, as there would not be 


support it Tins bracket may be arranged m 
any position desired to suit the application of 
the gear reduction — that is, it may be cast 
underneath oi on one side, if necessary The 
casing forms an oil bath lor the gear to run m 
and the woim should preferably be arranged 
underneath the wheel, so as to ensure plenty ot 
oil getting at the workmg teeth Ball lx anngs 
are fitted to the worm spindle to i educe the 
friction due to the end thrust of the worm, 
these bearings bemg carried in a gland shaped 
castmg, which enables them to be removed 
bodily with the worm It will be noticed 
that the worm is solid with the spindle, which 


sufficient metal left under the threads if they 
wore bored out for the reception of the spindle 
A small oil bath is also arranged for the worm 
spmdle, and an oilifig ring lests on the spindle 
and dips mto the oil , this is a common device 
adopted to secure the proper lubrication of high 
speed shafts m connection with motors and 
dynamos, etc 

The diameter of a worm is generally from 
three to five times the circular pitch, and the 
angle of engagement which determines the width 
f>f a worm wheel is usually 30 deg to 45 deg , os 
indicated m 117 

Continued 
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By Francesco de Feo 


VERBS— Third Conjugation — continued 



Second Class 


Finire, to finish 


Indicative Mood 


Present 

I finish, etc. 

We finish, etc. 

finiaco 

finiamo 

finisci 

finite 

finiace 

finUcono 


Past Indefinite 

1 have finished, etc. Wo have finished, etc. 

ho finito 

ahhiamo finito 

hoi finito 

avete finito 

ha finito 

harnio finito 


Imperfect 

I finished, etc. 

We finished, etc. 

finivo 

finivamo 

finivi 

finivate 

finiva 

finivano 


First Pluperfect 

I had finished, etc. We had finished, etc. 

avevo finito 

avevamo finito 

avevi finito 

avevate finito 

aveva finito 

avivano finito 


Past Definite 

I finished, etc. 

We finished, etc. 

finii 

finimmo 

finiati 

finiate 

fini 

finirono 


Second Pluperfect 

I had finished, etc We had finished, etc. 

ebbi finito 

avemmo finito 

aveati finito 

aveate finito 

ebbe finito 

^hero finito 


Future 

I shall finish, etc. We shall finish, etc. 

finird 

finiremo 

finirai 

finirete 

finird 

• finiranno 


Future Perfect 

I shall have finished, We shall have finished. 

etc. 

etc. 

avrd finito 

avremo finito 

avrai finito 

avrete finito 

avrd finito 

avraamofiMito 

Impbrativb Mood 


Present 

Finisb, etc. 

Let us finish, eto. 

— 

finiamo 

finiaci 

finite 

finiaca 

finiacano 
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SuBJUNCjnvB Mood 



Present 

That I finish, eto. 

That we finish, eto. 

finiaca 

finiamo 

finiaca 

finiate 

finiaca 

finiacano 


Perfect 

That I have finished. That we have finished. 

eto. 

etc. 

dhhia finito 

aJbibiamo finito 

dhbia finito 

abbiate finito 

dhhia finito 

dbhiano finito 


Imperfect 

If I finished, eto. 

If we finished, eta 

finiaai 

finxaeimo 

finiaai 

finiate 

finiaae 

finiaaero 


Pluperfect 

If 1 had finished, etc. If we had finished, eto. 

aveaai finito 

avisaimo finito 

aveaai finito 

aveate finito 

avesse finito 

aveaaero finito 

Conditional Mood 


Present 

I should finish, etc. 

We should finish, etc. 

finirei 

finiremmo 

finireati 

finireste 

finirebbe 

finir^hero 


Perfect 

I should have finished. We should have 

etc. 

finished, etc. 

avrei finito 

avremmo finito 

avreati finito 

avreate finito 

avrebbe finito 

avribhero finito 


Infinitive Mood 

Preamt — to finish 

Perfect — aver finito, to have finished 

Past Particijde — finito, -cr, -i, -c, finished 

1. The majority of the verbs of the third 
conjugation are conjugated like finire (second 
class), as : 

capire {cahpe^reh), to understand 

aaaerire (ahasehre^-reh)^ to assert 

ardire {ahrdeii-reh), to dare 

contribiUre {contreeboo-eirek), to contribute 

preferire (pr^fehre^-r^) to prefer 

pnkbire {^-^ei-reh), to prohibit, to forbid 

punire {pocne^^fek)^ to punish 

apedire (apdk-detrik), to forward, to dispatch 

unire (oeme^-re^), to unite 

differire (deeffehre^-reh), to differ, etc. 
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2. The following verbs are conjugated like 
vesHrt (first class). 

awertire (ahwehrte^-reh), to advise 
hoUire (6oWe^-rc^), to boil 
convertire {con/vehrte^’reh), to convert 
divertire {deevehrtei-reh), to amuse 
dcrmire {dormee-reh), to sleep 
fy^gire {foodgei-reh), to escape 
invertire (eenvehriei-reh)^ to invert 
partire (pakrte^-reh), to start 
deguire (sehgue^-reh), to follow 
aentire (sehnte^-reh), to feel 
servire {sehrve^-reh), to serve 
toasire (toaaee-reh), to covgh 

3. The following verbs may be conjugated 
either with or without the addition of the 
syllable isc (third class) ; 

dborrire {ahhorre^-reh)^ to abhor 
ajyplaudire (ahppldh-oodee-reh), to applaud 
aaaorhire (ghaaorhee-reh), to absorb 
inghioUire {eenkee-dttec-reh), to swallow 
langnire (lahngu-eheh)^ to languish 
mentire {mehrUee-reh), to lie 
nutrire (nootree-reh), to feed 
pervertire (pekrvehrte^-r€h\ to pervert 
The verbs partire and divertire may also be 
conjugated like /?mVc, but then assume a different 
meaning : parto^ I start ; partiacoy I divide in 
arts, I portion out ; divertOy I amuse ; divertiacoy 
cause to diverge. 

Note ; Besides the verbs of the first and third 
classes mentioned above, there are only a few 
others, which will be given among the irregular 
verbs. 

Observations. 

1. By no meems all the verbs of the third 
conjugation have a present participle (termi- 
nation -rde). Some of the verj)s having the 
present participle retain the characteristic 
vowel i before the termination, as ; iwirierdey 
vbbidiente. The present participle of aentire is 
aenziente ; of patirCy paziente ; of venire, vegnente. 
The verb domire has dormente and dormiente ; 
morirey morente and moriente. 

2. In ordinary conversation, the third person 
singular, preceded by ai, may be used instead 
of -the first person plural, particularly in the 
Past Definite and in the Present Conditional, ns : 
noi ai comandd for noi cormndammo ; noi 
si crederebbe for noi crederemmo. 

3. The first person singular of the Imperfect 
of the Indicative may also have a termination va, 
but the form in vo is more common. 

Conversazione. 

Finalmente ! Credevo che non vcnissi 
Son due ore che t’aspetto. Perchd cosi tardi V 
Mi dispiace di essere in ritardo, ma degli 
affari importanti mi hanno impedito di venir 
prima. 

Ebbene {weU), Thai ved’uto ? Gli hai parlato ? 
Gli ho parlato, ma ne so meno di prima. 
Egti non ha voluto dir tutto, ma pare che kbbia 
intenzione di eeguire Tesdmpio del suo compagno 
e partire axiohe lui per TAm^ica. 

Oredi ohe riuscirk a far niente ? 


lo non credo ; Giorgio b un gibvane troppo 
leggiero ; avrebbe bisogno di un amioo sinccTo 
che lo guidasse, che gli desse dei consigli . . . 

Gli scriver6 io o lo preghero di venire da me. 
Gli daro io dei consigli che accettork di tuttg 
cuore, vedrai. 

Hai rngione ; Giorgio in questo momento ha 
pifi bisogno di dannri che di consigli. 

ExERdSE XXIX. 

1. Parlato piil lentamente, per piacero, perch^ 
non vi capisco. 2. Non lo chiamate anedra, 
lasciate che finiaca di scrivere. 3. Fate sildnzio, 
vi proibtsco di parlar male di un amico in mia 
presenza. 4. Quale preferite di questi due ? 

6. Preferiaco il primo, perch^ b pifi a buon mer- 
cato. 6. So egli lo asserisce, vuol dire (it means) 
che 6 vero. 7. Quella p6vera bambina non fa 
che {does nothing but) tossire tutto il giorno. 

8. Avete dormito bene questa notte ? 9. Questo 
ib non e buono ; vi avete versato Tacqua prima 
che bollisse. 10. Dite alia dom^tica di vestire 
i ragazzi, perch^ b ora di andare. 11. Se gli 
artisti canteranno bene, li applaudiremo. 12. 
gia la te^'za volta che mi domandate se b vero ; 
vi avvorto che io non mentisco mai. 13. Non 
dibi questo, vi prego, perch6 avete mentito 
tante volte, cho non credo piu a quollo che 
dite. 14. Leuovaelacamesonomoltonutrienti. 
15. Non capisco perch6 vogliate av^r sempro 
ragione voi. 

Key to Exerc’ise XXV. 

1. We shall meet them. 2. They will give us. 
3. They sent (to) him. 4. What did he tell you ? 
5. What did you answer him ? 6. Whore are 
the flowers that we have gathered ? 7. 1 have 
put them in water. 8. As soon as I see him I 
will speak t him of you. 9. 1 have seen him 
from the window, and 1 have called loudly to 
him twice, but he has not heard me. 10. Mary 
told us that she would have gone to Italy this 
year. 11. They have bought heaps of books ; 
they have read tliem and re-read them, but I 
am sure that they have not understood anything 
in them. 

Key to Exercise XX VI. 

1. How much did you pay for those gloves ? 

2. I have paid rather dearly for them, but they 
are of an excellent quality. 3. Did you fln<l 
them at home ? 4. Her, yes ; but not him. 
5. When will you give me what you have so 
many times promised me ? 6. If you give mo 
some toys I will be good. 7. Have you any 
more writing paper ? I wish to write to my 
bookseller to send me the books that I have 
ordered of liim. 8. I am sorry ; I have no more. 
I have given you all the paper th'vt I had loft. 

9. No matter *; 1 will write* to him later. 

Key to ExEuasE XXVII. 

1. We shall receive. 2. Have you drunk ? 

3. If we lost. 4. They feared. 5. They would 
not have believed. 6. Would you have sold ? 

7. We would sell. 8. We sold. 9. Has he 

received ? 10. I have not yet received, but I 

shall receive. 11. He is always without money, 
yet he alwa^ receives some. 12. How much 
do you think he has received lately t 13. He 
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received five hundred francs last week, but he followed. 6. They would suffer. 7. That poor 

will receive as many to>morrow. 14. We sold woman suffered so much when her son kft ! 

our garden, and shall also sell our house. 15. 8. If the shopmen served us badly, we should 

I cannot believe that he has not received our have a right to take our custom eirowhere. 9. 

invitation. 16. Let us go, if not we shall lose Open the window, it is too hot. 10. I would 

our time uselessly. 17. If we are not careful, leave to-morrow if 1 had finished my business. 

I fear that we shall lose what we have already 11. These children sleep too much. 12. As 

gained. 18. The leaves begin to fall. 19. Those soon as they saw the danger, they all ran 

brave men all fought to the death. away and left him alone. 13. How many 

„ „ times have we heard them say that they 

Key to Lxebcisb XXVIII. ^ere tired of studying ! 14. Come with me. 

1. We shall start. 2. If we had started. 15. Shun bad company, and follow the example 

3. Do not open. 4. Listen. 6. If they had of good men. 

Continued 


FRENCH 

VERBS — continued 
Third Conjugation 
Recevoir, to receive. Principal Parts: 
recevoir, recevant, re^u, je rrpois, je re^ua. 

Indicative 

Simple Tenses Compound Tenses 

Present Past Indefinite 

I receive, am receiv- I have received, 
ing, etc. etc. 

je re^is j'ai re^u 

tu repots tu as re^u 

il, elle re^it il, elle a re^u 

nous recevona nous avons re^u 

VOU8 recevez vous avez re^u 

ila^ dies re^ivent ila^ elks ont repi 

Imperfect Pluperfect 

I was receiving, used I had received, 
to receive, etc. etc. 

je recevats j'avais re^u 

tu recevais tu avais re^u 

il, elle recevait il, elle avail requ 

nous recevions nous aviona re^u 

vous receviez voua ariez re^u 

Us, elks recevaient Us, eUes avaient re^u 
Past Definite Past Anterior 

I received, etc. I had received, etc. 

je re^ua j'eua re^u 

tu rcQUs tu eua re^u 

il, eUe recut il, die eut refu 

nous reQiimes nous eshnes re/QU 

vous refutes vous etUes re^u 

ils, eUes recurent Us, dies eurent re^u 

Future Future Anterior 

1 shall receive, etc. I shall have received, etc. 

je recevrai j'aurai regu 

tu recevras tu auras regu 

il, die rectvra il, elle aura regu 

nous recevrons nous aurons regu 

^xms recevrez vous aurez regu 

ils, e^es reoexront ils, ellea auront regu 

Conditional 

Present Past 

I would receive, etc. I would have received 
je recevrais faurais regu 

iu reeeurads tu amrais regu 

Ut eUe reeevraU U, die auradt regu 
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nous recevrions nmts aurions regu 

mus recevriez vous auriez regu 

ils, dks recevraient ila^ elles auraient regu 

Imperative 
Present 

regois, receive (thou) 
quHl regoive, let him receive 
qu'dle regoive, let her receive 
recevons, lot us receive 
rerevez, receive (ye) 
quHls regoivent, let them (m.) receive 
qukllea regoivent, let them (f.) receive 

Subjunctive 

Present Pad 

That I may receive, That I may have re- 
etc. ceived, etc. 

que je regoive que j'aie regu 

tjue tu regoives que tu axes regu 

(fuHl, qukUe regoive qu'U, qu*dk ait regu 
qup nous recevions que nous ayons regu 
que vous receviez que vous ayez regu 

quHh, quklles regoivent qu'ils, quklles axent regu 

Imperfect Pluperfect 

That I might receive, That I might have re- 
cto. ceived, etc. 

que je regusse que j'eusse regu 

que tu regusses que tu eusses regu 

quHl, qu'dk reg^t qu'il, qu'dle eHut regu • 
que nous regussions que nous euseions regil 
que vous regussiez que vous eussiez regu 
qu'ils, qu^dles regussenl qxCils, qukllea eussent regu 

iNFINmVB 

Present Past 

recevoir, to receive avoir regu, to have re- 
^*oeived 

Participle 

Present Pad 

recevanl, receiving regu, e, received 

ayant regu, having re- 
ceived 

The so-called regular third conjugation con- 
sists of only seven verbs. With the exertion 
of devoir, to owe, and its derivatnre redevoir, 
still to owe, all the third con jugation verbs belong 
to the same group. They are: afercovoir, to 






percndive $ eoneevoir, to conceive ; d^cewir^ to 
ueoeive ; and pereecotr, to perceive (receive 
imprcBBions), and also to levy taxes. 

It is to be noted that in these verbs the c 
takes a cedilla (p) when it occurs before o or u. 
This is for the purpose of retaining the soft 
sound of c througnout the whole verb. 

Tn devoir f the letter d takes the place of the 
rec of recevoir. Consequently, its principal parts 
are : devoir^ devarU^ d4, jt doie^ je dus. The 
nasculine form of the past participle takes a 
circumflex accent ; the feminine form docs not : 
due ; neither does the plural, due. 

Idiomatic Meaninga of Devoir. 

1. When devoir is used in the present, or the 
imperfect of the indicative, and followed by 
another verb in the infinitive, it is equivalent 
to the English “lam to,” “ I was to,” “ I have 
to.” Examples : Je doia prochainement recevoir 
de VargerU, I am to receive some money shortly ; 
il doU y avoir demain une aaaembUe aes action- 
naireSf There is to be a meeting of the share- 
holders to-morrow ; Je doia oiler demain d la 
campagne, I have to go to the country to-morrow. 

2. In the present indicative it sometimes 
expresses what is held to be a certainty, and is 
then to be translated by “ must ” : SH a fail 
vingt miUea, il doit Sire bien fatigue. If he has 
walked (lit,, done) twenty miles, he must be very 
tired. 

3. In the same tense it may also express moral 
obligation. Example : Un hon fla doit respecter 
son pert, A good son should respet't his father. 

4. In the present conditional {jedevraia, etc,), 
devoir is to be translated by “ ought”; and in 
the past conditional {fauraia du, etc.), by “ought 
to have.” Example: Voua devriez lui payer 
'Val)ord ceque mma lui devez. You ought first of all 
to pay him what you owe him ; Vous n'auriez 
paa dil lui dire cela. You ought not to have told 
him that. 

5. In the past indefinite, and occasionally in 
the past definite and pluperfect ( J’ai dil, je dua, 
favaia dH), devoir implies obligalion ; Jai dd 
lui donner quelque choae pour nCen debarrasaer, 
I had to give him something to get rid of him. 

6. It is to be carefully noted that, in all these 
constructions, the verb following devoir is in 
the present infinitive. 

EXERCISE XXVII. 

1. We receive two papers every day. 

2. She receives her friends on Thursdays (le 
jeudi), 

3. We perceived a little white house at the 
foot of the hill. 

4. Have you not yet received any reply 
(reponae, f.) to your letter ? 

5. It is easy to express (hmneer) cl^rly 
(cUiiremerU) what one conceives properly (hien), 

6. When you receive this letter I shall no 
longer he in England. 

7. About ten o’clock in the morning we 
peroeiveA ikne hostile (ennemi) army in the dis- 
tance {hkUain, m.). 

S. He owes his tailor fifty francs. 


9; If you owe him so much, do you owe me 
nothing ? 

10. You ought to plant some trees along 
(le long de) that avenue (aUee, f.). 

11. When is there to be a meeting of the 
shareholders ? 

12. If good faith (foi, f.) wore exiled from the 
rest of the earth, it ought to be found again 
(ae retrojiver) in the heart of kings. 

13. You ought first of all to pay me what 
you owe me. 

14. She must have been greatly astonished 
at (de) seeing you. 

16. You ought to have returned (rendre) 
him the money whicli he has lent you. 

16. If you have eaten nothing since this 
morning, you must bo very hungry. 

17. What time is it ? It must be at least 
(au moina) half- past four. 

18. I have received an invitation, but I have 
had to refuse it. 


Fourth Conjugation 
Vendre, to sell. Principal Parts: rendre, 
vendant, vtndu, je vends, je vendia. 

Indicative 

Simple Tenses (Compound TbnsIds 


Present 

L sell, am selling, etc 

je vends 

tu vends 

il, elk vend 

nouH vendona 

voua vendez 

ila, files vendent 

Imperfect 

I was selling, used to 

sell, etc. 
je vendaia 
tv vendaia 
il, elk vendaii 
Tutvs vendiona 
voua vendiez 
ila, ellea vendaient 

Past Definite 
I sold, etc. 
je vendia 
tu vendia 
il, elk vendit 
nous vendtmea 
voua vendUea 
ila^ ellea vendirent 

Future 

I shall sell, etc. 
je vendrai 
tu vendraa 
il, elk vendra 
nous vendrons 
voua vendrez 
Us, ellea vendront 


Past Indefinite 
1 have sold, etc. 
j'ai vendu 
tu aa vendu 
il, elk a vendu 
noua a ions vendu 
vouaavez vendu 
ila, ellea ont vendu 

Pluperfect 
1 had sold, etc. 

favaia vendu 
tu avaia vendu 
il, elk avait vendu 
nous avions vendu 
voua aviez vendu 
ila, ellea avaient vendu 

Past Anterior 
1 had sold, ote. 
feus vendu 
tu eua vendu 
il, die PMt vendu 
nous edmea vendu 
voua etUea vendu 
ila, elks eurent vendu 

Future Anterior 
I shall have sold, cte. 
faurai vendu 
tu auras vendu 
il, die aura vendu 
nous aairons vendu 
voua aurez vendu 
da, dies auront vendu 


Present 

I would sell, etc. 
je vendraia 
tuvendroM 
ft, eOe vendrait 


Conditional 
' Past 

I would have sold, etc. 
faurada vendu 
tu auraia vendu 
il, eUe auroU vendu 



»ow« vendrions nous aurions vendu * 

vous vendriez voua auriez vendu 

Us, dies vendraient ils, elles auraievU vendu 


Imperative 

Present 

vends, sell (thou). 
qv'il vende, let him sell 
qu^elle vende, let her sell 
vendons, let us sell 
vendezy sell (ye) 

qu'ilSy qu'elles vendent, let them sell 


Subjunctive 


Present 

That I may sell, 
etc. 

que je vende 
que tu vendee 
quHly qu'dle vende 
que nous vendions 
que VOU8 vendiez 
qu'ilSy qu' elles vendent 

Imperfect 

That I might sell. 
que je vendisse 
que tu vendissee 
qu'ily qu'elle vendit 
que nous vendissions 
que voue vendissiez 
quHlSy qu^dles vcn- 
dissent 


Past 

That I may have sold, 
etc. 

que j'aie vendu 
que tu aiee vendu 
qu'il, qu'elle ait vendu 
que nous ayons vendu 
que vous ayez vendu 
qiCilSy qu' elles aient vendu 

Pluperfect 

That I might have sold. 
que feusse vendu 
que tu eusses vendu 
qu'ily qu'elle euf vendu 
que nous eussions vendu 
que vous eussiez vendu 
qu'ils, qu' elles eussent 
vendu 


Infinitive 

Present Past 

vendre, to sell avoir vendu, to have sold 

Participle 

Present Past 

vcndant, selling vendu. e, sold 

ayant vendu, having sold 
The stem of all regular verbs of the fourth 
conjugation, except rompre, to break, and its 
derivatives ends in d. In consequence ot 
this these verbs do not take the t, which is the 
final letter of the third person singular of the 
present of the indicative : il vend. The t re- 
appears in rompre : il romp. 

The fourth conjugation verbs used in the 
following exercise are : 
attendre, to wait for mordre, to bite 
descendre, to come perdre, to lose 

down, fall rendre, to return, render, 

entendre, to hear, yield 

understand repondre, to answer 

itendre, to stretch rompre, to break, burst 
fondre, to melt tondre, to shear 

vendre, to sell 


Exercise XXVIII. 

1. Do you hear what I tell you ? 

2. Do not be afraid of the dog, it will not 
bite you. 

3. You are always losing something. 

4. Why have you not answered (to) his letter ? 

5. We heard some noise {bruit, m.), upstairs 
(en haut). 

6. Let them wait for us now, we have waited 
long enough for them. 


7. Wait for them ; they are not ready {prit) yet. 

8. Do not lose so much time in (a) chattering 
(bavarder). 

0. The enemy (pi.), coming down from tlieir 
mountains, pillaged (piller) the whole district 
(cvntree), 

10 Those houses will be sold by auction 
(aux ench^res) at eleven o’clock precisely. 

11. 1 closed my eyes and I heard a frightful 
{epovmntahle) din (fracas, m.). 

12 You will lose nothing by (pour) waiting. 

13. The discovery of America has greatly 
extended European commerce. 

14. The Lord stretched out His hand over the 
sea, He shook (ebranler) the kingdoms. 

15. The thermometer (thermometre, m.) has 
fallen (de) four degrees since yesterday. 

16. The young man thanked us without em- 
barrassment for the service which we were 
rendering him. 

17. Render unto 0»8ar (Cesar) thn,t which 
belongs to Caesar, and render unto God that 
which belongs to God. 

18. The blows (coup, m.) which we feel 
(senltms) most are those which we can (pouvons) 
not return. 

19. Some grains (grain, m.) yudd a hundred- 
fold (hundred for one), others sixty, and other? 
thirty. 

20. Samson broke his ropes (corde, f.) as 
one would break a thread (fil, m.). 

21 . To (the) shorn sheep God tempers ( memrer) 
the wind, says the proverb (proveroe, m.). 

22. That dog is dangerous ; it bites. 

23. There are some persons who^e praises 
(louange, f.) bite, and whose caresses (caresse^t) 
scratch (egratigner). 

24. Gold melts at a less degree (degre, m.) of 
heat (chaleur, f.) than iron. 

Key to Exercise XXVI. 

1. Quand j’<^tais enfant, j*<^*tais tr^s honteux, 
je rougissais jusqu’aux youx quand on me 
parlait. 

2. La terre n’est jamais ingrate ; elle nourrit 
de ses fruits tous coux qui la cultivcnt. 

3. Ce n’est pas I’age, e’est le chagrin qui a 
blanchi ses cheveux. 

4. Si vous ne choisissez pan un bon endroit 
pour 6tablir les fondations de la maison, vous 
serez oblige de la d4mo1ir. 

5. La honte de oette action r6fl6chit sur tous 
ceux qui y ont participe. 

6. Parmi les arbres, les amandiers ilourissent 
les premiers, et les n4fliers les demiers. 

7. Apr^ tant de calamit6s il est ^tonnant que 
ce pays soit aujourd’hui si florissant. 

8. Les armes qui ont 4t4 benites par F^filglise 
ne Bont pas toujours b^nies du del sur le champ 
de bataille. 

9. Il y a des hommes dont il est glorieux 
d’etre ha!. 

10. On ne bait pas toujours ceux que Ton 
rend malheureux. 

11. Les bons livres gu^rissent les maladies* 
de Fesprit. 

12. Un peuple librp ob4it, mais il ne sert pas. 
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LXXXV. Government of Adjec- 

tivee* The following adjwtives govern the 
genitive (answering the question U'cffcn 'i whoso ?): 

aware ^ab^aft (werben),* to get 
bat, iebig, fret, free possession of 
bcbitfttg, in want of funbift, expert 
Uttbebfirftig, not in want unfunbtg, unexpert 
of leer, empty 

betruf t, conscious of bof(, full 
iinbetouft, unconscious of tn&(i^ti^, mighty 
eitt^ebertf, mindful wube,* tired 
uneittflebeuf, unmindful fatt,* ubeibrufjtft,''' sa- 
able tiated, weary, tired 

imfd^lg, unable f<^«lbift, guilty 

froi^, glad verbdc^tia, suspicious 

getrdrtifl, expecting participating, 

getrij, fidget, certain, sure sharing 
getttc^nt,*usedto, accus- rerlujlia, forfeit^sd, 
tomed deprived of 

unflewol^nt,* unaccus- deserving, worthy 

tomed iinwert, undeserving 

gierig, begieilg, eager, unirbig worthy 
greedy uuwutbig, unworthy. 

Examples: 3d) bin iiieineeJ ^sBetfprec^eiw eiiu 
gebenf, 1 am mindful of my promise. ®te umibe 
nteiuer (genitive) anjici^tig, She became aware of 
me. i)ie ^oli;(ei' trutbe 'l^eibrcd)ci.s l)ab'i)aft. 

The police got hold of the criminal. 3d) bin 
bicftt ^ptad)e tudd)tig, I am master of this 
language. Cfr trar feincr iiid)t nirtd)tig, He had no 
f command over himself. tfl uic^t bet 3}iUl)e 

(genitive) U'Cit, This is not worth while. X»er 
tftri^t irurbc fcined Iitclei retluftig, The physician 
lost his degree, etc. 

The adjectives in above list marked with * 
are, in ordinary speech, also used with the 
accusative, where the genitive would sound 
affected, especially with neuters of pronouns, 
like tS, it; ba^, that (instead of the genitive 
beffen) ; biefe^ or biccJ, this ; iene«J, that ; and with 
the indefinite pronouns and numerals rttvaet, 
nic^td, tnand^ed. ailed 

Examples : ^tte ed (accusative) fatt, 1 had 

enough of it. 3c^ trurbe ben uinviltfommenen 
0enoffen (accusative) (od, 1 got rid of the 
unwelcome companion. ($r ifl bie Arbeit (accusa- 
tive) ni(i^t geiro^nt, He is not accustomed to the 
worx. But in some cases the adjectives are 
used with prepositions : thus it is preferable to 
sa^ bin wit (preposition) ollem (dative) gu? 
ftubm (I am content with everything), than 
bin ailed (accusative) gnftieben. 

1. The following adjectives govern the dative 
(answering the question went? to whom O’- 
similar, like annoying, 

an'geboten, inborn, innate vexatious, fretful 


an'gebdng, related to 
an'gelegen, important, 
pressing 

an^gemeffen,* commen- 
surate suitable 
an^Mtte^* agreeable 
dn^td|ie.oibDsive 


auf'f^Kiq.'^ striking, 
conspicuous 
bebenflid),* doubtful, 
suspicious 

begreiflid^,* comprehen- 
sible 

bebngTid^,* comfortable 


bebilflid), serviceable, 
useful 

bffaniit,* known, 
acquainted 
bfgueni',* convenient, 
comfortable 
befd)Wet'lid), cumber- 
some, troublesome 
bfwu^t',"' conscious 
befe, wicked, liad, ill 
ban f 'bar,* grateful 
beut'lid^,* clear, distinct 
biett'ltd), serviceable 
ftgfii, t)wn, proper 
figenliimlid), peculiar 
ffelbaft (eflig), nasty 


^tubfvltd), impeding, 
troiiblosome 
l)clb, amiable, sweet 
flat*,* clear, bright 
fiinb, known, notorious 
Ujlig, burdensome 
Uid)t, easy, light 
If lb, sorry 
lieb, dear, beloved 
nioglid),* possible 
uad)tetltg, disadvam 
tageous 
na()e, near 
naturlid),* natural 
nctig,* uotwcnbig, 
necessary 
nli^ltd), useful 


empfiiib'ltd),* sensitive nii^lid), useful 
fiiebfl^r'ltd),* dispensable rdrff!(>rtfr, enigmatic 
ftftfu'lic^,* delightful, fd)i’ibll(^, pernicious 
))leasing fd)met(^et^aft,* flattering 

frgf'bcu, devoted fctmcrgltd', painful 

fuu'uerlid), present in f d'U lb ig, guilty 

one’s mind fd)wer, difficult, heavy 

cnininfd)!, wished for, fid)fr, certain 
welcome tauglicb, fit 


ffiiib (feitibfclig). h<»stile tenet, dear 


fern, far, distant 


' true, faithful 


ferberl id', useful, bene- ticulc*(t<, untrue, faithless 


ficial 

fieinb, strange 
furd'tbar, fmdnerlid', 
terrible 

gebeit)licb, prosperous, 
thriving 

gefal)rUd),* dangeious 
ge^cr'f»»n,* obedient 
gewad'fcn, to be a luateh 
for 

gleid), equal 
glfid)gulttg, callous, 
indifferent 
geiua^, accoidiiig to 


ubcilf'gen. hupon<n 
uttaueftel)'lid), insup- 
portable 

uuerwartet, unexiiected 
imtcrtan, subject (i«>) 
uiwctge^iicb, unforget- 
able 

imwiberftel)lid), irresist - 
ible 

v'erant'U'ottlic^, respons- 
ible 

vevberb'lic^, ticrnicious 
i>erl)aft, hated 
I'fni'anbt, related 


geincm, connuon, mean i'cr'teill)aft,* advan- 
gentfini^tn* gcineinfd)aft tageous 
ltd), common, miituHl wert, worth 
geneigt, disposed, m- Wic^tig, important 


chnod ' wibrig, adverse, contrary 

getifu,* faithful to wiberwartig, repugnant 

giidblg,* giacious n?il(fal)ng, compliant 

gram, averse, hostile tmllfomnien, welcome 

gunjltg,* favourable U'unbeibar, marvellous 

gut, good iju'ganglicb, accessible 

betlfant, salutary, bene- ^u'gel'^tb devoted 

ficial jju'trdglid), becoming 

The adjectives marked in above list with * 
take the prefix un- to convey the ojiposite 
(negative meaning): al^nlic^, like; un-d^nli(^, 
unlike. 

Examples: (^r til feiuem CBtubet (dative) a()nlt4 
He resembles his brother, !^te SBcff^nft War bfin 
Jlemg (dativ’d angfnet)W, The message was 
pleasing to tue king. 3* bin 3i)n«n (dative) 
banfbar, I am grateful to you. JDaiS Jlinb bltcb 
ftinem !!Betfpred)en (dative) tri n, The child remained 
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true to its promise. 3^er tft bfw ®ftre{be 
fc^abticf)^ ^he hail is harmful to the com. 

LXXXVI. Co«ordinate Clauses. Sen- 
tences or clauses that have the same grammatical 
value can be connected in different ways : 

(a) The clauses agree in sense : T)te 9lad)t 
u>av fait, II ub bie @tra§fn warcu mcufcj^euleev, The 
night was cold, and the streets were deserted. 

(b) One clause modifies or limits the other : 

JDfi- irar bcm ©lUib^tum ftn*ba‘li(^, abet ber 

.^ai^el gfijlintf Vlflee(, The rain was beneficial to 
(the) growth, but the hail destroyed everything. 
(Sv luoKtc boc^ ft fennte tiidjt, He wanted 
to go, but he could not. 

(c) One clause is explained by the other: 

SCajfet iff ftcfimb, b e ii n eutt^alt The 

water is wholesome, as it contains iron. 

(d) One clause is the consecpience of the other : 
(5r Ijl fefp’ gnt^evjjig, besb^^lb ivivb ev run ^ettlcni 
iimlagert, He is very kind-hearted, therefore he 
is besieged by beggars. 

The connection of co-ordinate clauses is 
cdected by the use of (a) copulative, (6) adver- 
sative, (c) causal, and (d) consecutive con- 
junctions. 

LXXXVII* Subordinate Clauses. 

The auxiliary finite verb, which normally stands 
at the end of the subordinate clause in the 
compound tenses, may be transposed if the 
clause contains dependent infinitives : 3d) 

Uiiu!fd)te, baS bn ilpi 1) at fell (finite verb) fenneu 
Icrnfii, I wished that you had got to know 
him, is better than the clumsy form: 3d) 
unntfd^tf, ba§ bu i(;n fettnett (emeu (jattefl. 

1. Subordinate clauses are never employed 
if the idea can bo clearly expressed without them. 
Thus, 3d) bat i()u, bag ev mir fage, u>?l)iu jic anangeu 
fei (literally ; I begged him to tell me wli-.ie she 
had gone) can be expressed far better and 
more briefly in the following way : 3d) bat ilm 
inic pt lageit, etc. Subordinate clauses arc 
connected with* the principal sentence by 
subordinative conjunctions, and relative 
pronouns. 

2. The subordinate clause can be placed 
(a) at the beginning, (b) in the middle, (c) at 
the end of the compound sentence, (a) SD a $ 
bie 91 a ^ t 1) e v e i n b r a d) (subordinate clause), 
ntacbte ittu^ befovgt, That the night set in made 
118 uneasy ; (6) 2)er nmftanb, baft bie 91 a d) t 
l)creinbvad^, niad^te nntfbeforgt, The fact that 
night set in made us uneasy ; (c) (Sii utad^fe 11110 
beforgf, baft b i e 91 a f I; e v e i 11 b v a d> , It made 
us uneasy that, etc. 


3. Some ideas cannot be expressed by simple 
nouns, but require entire subordinate clauses to 
elucidate their meaning. At times, too, a noun 
is replaced by a subor(bnate clause for the salco 
of stress, euphony, rhythm, or clearness. Thus 
a subordinate clause always stands for some 
part of the principal sentence — the subject, 
the object, an attribute, or an adverbial adjunct, 
and according to its function, the dependent 
clause is either a subject datLee^ an object clause, 
an attributive (adjective) clause, or an adverbial 
danse. 

EXAMINATION PAPER XXI. 

Correct the following sentences by changing 
the nominative, which is employed throughout, 
into the correct cases required by the ad- 
iectives. 

3d) war meiuc ^flid)t ehigebmf. 2^ev (3cl)n 

I was mindful of my duty. The son 

ift fein ^atcr a()ulid). ®ie ilugc war 

resembles his father. The lie wiu 

bit 91 teener aiigtbmn. Sad)e fc^im 

innate in the Athenians. The affair seemed 
bev Granite bebmfUc^. (St \)xdt tlm 

suspicious to the ofiicial. He thought him 
cin fold^etf fc^vccflid^e ilicrbred^en fa^ig. 
capable of 'such a horrible crime. 

iE)ev ©efangenc war ba® Urteil gewdrtig. 

The prisoner was expecting the verdict. 
!55ic iSittxw finb bie mdd)fig 

The })arents have not command of the language. 
®ie ^Bclbatcu wareii^bcr 2) ten ft uberbruffig. 
The soldiers were weary of the service. 
5)te ^rlbatcn war ber JDienfl ubevbniffig 
The service was wearisome to the soldiers. 
JDa0 .^iitb ifl feine (lifer n ®fl)cvfam f^ultig 
The child owes obedience to its parents. 
2)iefc J&aiibluug ifl bu uuwurbig. SWan 

This action is unworthy of you. They (people) 
iibcr^ob mi^ bie 9)1 u 1) e. 3)ic 'i(crfclcrg 

H})ared me the trouble. The pursuers 

wurbm ber JDieb ]b'>'^bl)vaff. liefer 3iv>ifc^enfaU 
got hold of the thief. Tliis incident proved 
erwie0 fid) ic^ gfmjtig. !Da0 ifl fie gauj glei^giilfig. 
favourable to me. This is quite indifferent to her. 
^a0 Slclf ifl ber Jbentg imferfatt. ^ro^bem 
The people is subject to the king. Though 
ber Otid^fer unflar war, fanb er ibit 

the case was not clear to the judge, he found him 
bad 95erbred^ett Wiilbig. ®er Jelbl^err 
guilty of the crime. ,, The commander-in-chiei 
war biefe grofte ,Uberja^)t uid^t gewad^feit, 
was not equal to such overpowering numbers, 
uub ergab fl4 aid er bie l^er anriitf enb e frifd^e 
and surrendered when he got sight of the 
anftdj)fig wurbe." 
approaching fresh troops. 


CONVERSATIONAL EXERCISES 
V. Laundry and Washing 

I have some dirty linen, can it be 3(4 4^be einige fd^utu^ige aBdfc^e, fann fie gewafe^en 
washed? werben? 

Oh, yes; give it to mo, please. O ia, bitte geben Sie fie mtr. 

When can I get it back? Silanu lann i(4 fie wteber ^^ben ? 

In four or ffve days. 3n Diet bid fiinf Xageti. 



That is too late ; 1 must have it to-niorrow» as 
1 start in the' evening. 

Very well, I shall try to make it possible. 

1 have 4 shirts, 6 collars, 4 pairs of cuffs, 
10 handkerchiefs, 3 pairs of socks, and 
3 X)airs of pants. The shirts must not be 
starched. 

Everything shall be done as you wish. 

Can I roly on everything being delivered 
in time ? 

Certainly, sir. 


ifl fpat ; traud^e fie fc^on mcr()en, ba id^ 
9lBenbs abteife. 

u'pljl, U'erbe tradtteu e« mcftUd^ madjen. 
l)abe 4 ^embett, 6 Jtragen, 4 ^aar 3)lanfd)chen, 
10 ‘lafd^entudtcr, 3 ‘JJaar 6ocfcu unb 3 $aar 
UntctbemfUibcr. JDic burfen mc^t 

ijejiavit imbeu. 

?Hlle£( fell na(^ siBunfdb beforqt irnbeu. 

.^fatttt id^ tnic^ barauf mlaffeu, bajj 5?lllee( lecbt^citu^ 
c^eliefert tt.nrb ? 

Ofkwtf, mcm .4)frr. 


VI. At the Telegraph Office 


I want to send a wire to England. 

How much a word ? Twenty pfennigs. 

Can I have a form ? 

How must I mark it for reply paid 1 

R. p., sir. 

How many letters may a single word contain 1 
Sixteen, sir ; more letters in a single word are 
charged as tw o words. 

Is the handwriting legible ? 

Oh, yes ; only t his letter is not quite clear. 
When does the telegram reach London i 
In about three hours. 

Can I have telegrams forwarded ? 

Certainly, if you let me know your new addi ess 
and till in this form. 

How many words does the telegram contain I 
Is the signature to be wired as well ? 

No, only the surname. 


M) truufdjf ciu Selci^raimn luid) t^n^Unb auiVt^cbfU. 

foftet batf aihn-r 20 
.flan It eiii itovtnulai l^aben ? 
aOfld^e Slicjeid^umtfl tfl fur begal)lte Oiurfamu'oit 
ftfcrbfilid; ? 

R. p., ntfin .&err (R^ponse pay^e). 
ilLUc melt *15ucbftaben barf eut einfacbetJ ‘hlort eiitbaltcn ^ 
<8ed)^|ebiu mein ^rrr ; mel;r ^^uc^ftabeu in etucm !l9ort 
werben al« Sllorle gered;net. 

3ft btc (Sd^rift gut lefcrlic^ V 

O \CL, mir bicfei 5i8ud^flabf ifl nid)t ftanj; bcutlid'. 

SBann fann baa ieleflratnm in Vonben fern I 

3n un^cfal^r brei <£tunbcn 

Jftanu id) niir ‘leleftiawme nad)ftubrii laffen ? 

ivcnu Sic wir 3btt wnie ^Ibreffc niitteilen iinb 
biffc Roim auafuUen. 

‘ILUf incl 3Bertc eutljalt baa !elc^iamm ' 

8dl bic Untcifc^nft aud^ tcle^irapljurt iverbmV 
•SHein, nur bei 5amilicnnanif. 


Continued 


SPANISH By Amalia de Alberti d H. S. Duncan 


REGULAR. VERBS 

Spanish verbs have three conjugations. All 
verbs, regular or irregular, ending in ar belong 
to the first conjugation. Example : Amar, to 
love. 

All those ending in er belong to the second 
conjugation. Example : Comer, to eat. 

AU those ending in ir belong to the third 
conjugation. Example : Vivir, to live. 

Rei^kr verbs are those in which the tci 
minations conform to the model verb of their 
conjugation ; these terminations are applied 
direotly to the unchanged stom found by sup- 
pressing the infinitive ending. Examples : 
am-ar ; &m-aino8 — to love ; we love 
oom-er ; com-emos — to eat ; we eat 
viv-ir ; viv-»mo« — to live ; we live 

Those verbs which by changes in stem and 
termination differ from the model verb of 
their conjugation tkre called irre^lar. 

This, however, does not apply in the case of 
orthographic changes in certain regular verlw, 
made for the sake of euphony only. These will 
be pointed out later. 

First Conjugation 
Model Vebb : Amar» to love 
iNiiNmvB Gerund 

amor, to love amand^, loving 

Past Pabtioifle 
amado, loved 


Indicative Mood 
Simple Tenses 


Present 
amo, I love 
amas, thou lovest 
ama, he loves 
amamos, we love 
amais, you love 
aman, they love 


Impel feet 

amaba, I was loving 
amafnis, thou wast loving 
amaba, he was loving 
amdbamos, we w'ore lov mg 
amdhais, you wen* loving 
amdban, they were lo\ mg 


Past Definite FiUute 

ame, I loved amare, 1 shall Jove 

anuiste, thou lovedst amards, thou wilt love 
amd, he loved amard, he will love 

amamoM, we loved amaremoa, we sliall love 
amdsteis, you loved amareis, you will love 
amdron, tney loved amardn, they will love 


O/ONDITIONAL MoOD 
amaria, 1 should love 
amartas, thou wouldst love 
amaria, he would love 
amariamos, wo should love 
amariais, you would love 
amarian, they would love 


Imperative Mood 

atna, love (thou) amamos, let us love 
oms, kt him love amdi, love ye 
amen, let them love 
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Sttbjttnotzvb Mood 
Present Imperfect 

amCf I may love amdra^ or amdse^ I might 
love 

ames, thou mayst amdras, or amdaesy thou 
love mightst love 

a me, he may amdra, ot amdae, he might 
love love 

amimoSy we may amdramoa, or amdaemoa, 
love wo might love 

ameiSy you may amdraia, or amdaeis, you 
love might love 

imen, they may amdran^ or amdaeUy they 
love might love 

F'lUure 

cuando yo amdrCy when I shall love 
cuando tu amdrea, when thou wilt love 
cuando el amdrcy when he will love 
cuando noaotroa amdremesy when we shall love 
cuando voaotroa amareia, when you will love 
cuando eUoa amdren, when they will love 

Compound Tenses 
Infinitive Past 
haher amadoy to have loved 
habiendo amado, having loved 

Indicative Mood 
Past Indefinite 
he amadOy I have loved 
has amadoy thou hast loved 
hd amadoy he has loved 
hemoa amadoy we have loved 
haheia amadoy you have loved 
han amadOy they have loved 
Pluperfect 

hahia amado, I had loved 
liahiaa amado, thou hadst loved 
hahia amado, he had loved 
hahkmoa amado, we had loved 
hahiaia amado, you had loved 
habian amado, they had loved 
Past Anterior 

hube amado, (when) I had loved 
hubiate amado, thou hadst loved 
hubo amado, he had loved 
hubimos amado, we had loved 
hubiateia amado, you had loved 
huhieron amado, they had loved 
Future Perfect 

habre amado, I shall have loved 
habrds amado, thou wilt have loved 
habrd amado, he will have loved 
habremoa amado, we shall have loved 
habreia amado, you will have loved 
habrdn amado, they will have loved 

Conditional Mood 
habria amado, I should have loved 
habriaa amado, thou wouldst have loved 
habria amado, he would have loved 
habriamaa amado, we should have loved 
habriaa amado, you would have loved 
habrian amado, they would have loved 

SuBJUNcnvB Mood 
Past Indefinite 

haya amado, I may ^ve loved 
hayaa amado, thou mayst have loved 
haya amado, he may have loved 
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hayamoa amado, we may have loved 
hayaia amado, you may have loved 
hayan amado, they may have loved 
Pluperfect 

hubiera, or hubiese amado, I might have loved 
'hubieraa, or hubieaea amado, thou mightst have 
loved 

hubiera, or hvbieae amado, he might have loved 
hubieramoa^ or hubieaemoa amado, we might 
have loved 

hubieraia, or hubieaeia amado, you might h.\ve 
loved 

hubieran, or hubieaen amado, they might have 
loved 

Future Perfect. 

hubiere amado, (when) I shall have loved 
hubierea amado, thou wilt have loved 
hubiere amado, he will have loved 
hubieremoa amado, we shall have loved 
hubiereia amado, you will have loved 
hubieren amado, they will have loved 

Second Conjugation 

Model Verb : Comer, to eat 
Infinitive Gerund 

comer, to eat comiendo, eating 

Past Participle 
comido, eaten 

Indicative Mood 
Present Imperfect 

c6mo, I eat comia, 1 was eating 

cornea, thou eatest c/ymiaa, thou wast eating 
come, he eats comia, he was eating 

comemoa, we eat comiamoa, we were eating 
comeia, you eat comiaia, you were eating 

comen, they eat comtan, they were eating 

Past Definite Future 

comi, 1 ate comer e, I shall eat 

comiate, thou atest cameras, thou wilt eat 
comid, he ato camera, he will oat 

c^mimoa, we ate comeremoa, wo shall eat 

comiateia, you ate comer Ha, you will eat 

comieron, they ate comer an, they will eat 

Conditional Mood 
comerta, 1 should eat 
comerias, thou wouldst eat 
comerta, he would eat 
comeriamoa, we should eat 
comeriaia, you would eat 
comerian, they would eat 
Imperative Mood 

come, eat (thou) cx>mdmo8, let us eat 

coma, let him eat corned, eat (ye) 
coman, let them eat 

SuBJUNcrtvB Mood 
Present 

coma, I may eat * comdmos, we may eat 
comas, thou mayst eat comaia, you may eat 
coma, he may eat coman, they may oat 
Imperfect 

camiera, or comieae, I might eat 
comieraa, or comieaea, thou mightst eat 
comiera, or comieae, he might eat 
comiiramoa, or comiiaemoa, we might eat 
comi^rais, or comieaeis, you mi^ht eat 
eomieran, or comieaefk, they m^ht eat 



LJtWQtlilQKS UPfttmii 


Futvre 

conUere, when I shall comi^emoe» when we shall 
eat eat 

comierea, when thou when you will 

wilt eat eat 

comiere^ when he will comieren, when they will 
eat eat 

Bsmarks. In the first conjugation the accent 
distinguishes identical forms. Example: Amo, 
1 love ; amd, he loved. In the first case the 
stress is laid on a, in the second on o. 

In the second conjugation, como, I eat, takes 
an aoceiit to distinguish it from como, as. 

The compound tenses are formed as in the 
case of amar with the verb haber and the past 
participle comido. Example : He comido, I have 
eaten, etc. 


Vocabulary 

Vocabulario 

To buy • 

Comprar 

To calculate 

Cklcular 

To compare 

Comparar 

To devour 

Devorar 

To wish 

Desear 

To demonstrate 

Demostrar 

To remain 

Quedarse 

To eclipse 

Eclipsar 

To edify 

Ynstruir 

To embroil 

Embrollar 

To muffle 

Embozar 

To empower 

Facultar 

To give sentence 

Fallar 

(judicial) 


To fatigue 

Fatigar 

To congratulate 

Felicitar 

To run 

Correr 

To enter 

Entrar 

To deliver 

Entregar 

To give sparingly 

Escatimar 

The famine 

El hambre 

The skirt 

La falda 

A flounce 

Un volant c 

The lantern, lighthouse La lintema, el i 

The luggage 

El equipaje 

The watch-tower 

La atalaya 

The short-cut 

El atajo 

The main road 

El camino real 

The village 

La aldea 

Hasten 

Prisa (darse) 

The jail 

La c4rcel 

Hike prisoner 

El prisionero 

A problem 

Un problema 

Prismatic 

PrismAtico 

Favourite 

Favorito 

A prophet 

Un profeta 

A ravme 

Una barranca 

Brittle 

Quebrajoso 

The -complaint 

1a queja 

Perh^ 

QuizA 

A parasol 

Una sombrilla 

The Bible 

1a Biblia 

Biblical 

Biblico 

A parable 

Una parAbola 

The Go^el 

El Evanf^elio 

The evangelist 

El evangolista 

To evangelise 

Evangelizar 

To excavate 

Excavar 


Exsroisb XIL (1) 

Translate the following into Spanish : 

1. I buy meat, eggs, and milk at the farm ; 
the farmer is very honest. 2. I, too, shall buy 
them there, and we shall also, my daughter and 
1, buy fowls (there). 3. Do you eat many birds ? 
4. Yes, we are very fond of them. 6. I eat a 
great deal of game ; we have bought partridges 
and pheasants. 6. 1 wish to demonstrate this 
problem to you. 7. The judge has given sentence 
in the lawsuit. 8. Shakespeare s fame has 
reached to the end of the world. 9. That woman 
friend of yours is capable of embroiling the 
most united family. 10. Driving along the main 
road the carriage upset, and the coachman and 
the horses were hurt. 11. Th^ took the prisoner 
in haste to the prison. 12. irerhaps the doctor 
may come to see me ; my son complains of 
headache. 13. Open your parasol; the sun is 
hot. 14. When tney excavated in the ravine, 
they found a beautiful statue. 15. The lantern 
(of the lighthouse) of the port of Cadiz is seen 
very far off. 16. They have stolen my money 
from my pocket. 17. When was this ? 18. 

When I went to buy the Bible for the children. 
19. I wish you a happy Now Year. 

Note. Students should now attempt to 
translate the exercise with the aid of a good 
dictiona^, such os ihe new edition of Velasqiic*z’ 
Spanish Dictionary (pubb'shedby Hachette, King 
William Street, Strand. lOs. 6d. net). 

Exkbcisb XII. (2) 

Translate the following into English : 

1. Los huf^fanos amaban a su padrt*. 2. I.<ob 
estudiantes 4man 4 su pcrro. 3. Amar^ a mis hijos. 
4. No dejes de rmar A tu enemigo, asi lo manda el 
Evangel lo. 5. (\)man con nosotros. 6. Com- 
eremo.s eon Yds eon mucho gusto. 7. Un ciego 
no mx*esita ver para comer. 8. Es mejor reir 
qiie llorar. 9. Cano su pleito, y di6 una gran 
comida. 10 Los sordos mudos pueden hablar 
eon los dedos. 11. El actor dcelaruo muy 
bien. 12. Los oanario.s eantan, y los perros 
ladran. 13. Cuando varaos a1 huerto eomemos 
fruta. 

PROSE EXTRACT X. 

From “El Buey Suelto” (The Unyoked Ox). 

By Jose de Pereda. 

Crant me, reader, if ConcAdame el lector, 
you have no objection, si mal no le pareec, 
that when a man has que (*uando un hombre 
been accustomed from ha visto desdo que 
his earliest years to €‘mpcz5 a serlo, 
have the ordinary and satisfeehas como por 
most pressing needs of ensalmo los mas corn- 
life supplied as if by unes y porentorias 
magic, he is well on the necesidades de la vida, 
way to be an egoist, tiene mucho adelan- 
This does not prevent tado para ser egoista. 
the man who has won Lo cuai no se opone 
the goods he enjoys in 4 que tambiAn lo sea 
a fierce struggle with el que ha ^ganado el 
Fate from being an bien que disfruta en 
egoist also. gucrra encamizada cojI 

k suerto. 
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Is that to say that i Querr& deoir esto que dc Pcreda (1834), Jos6 de !Pereda (1834), 

egoists abound, that los egoistas abundan, a master of the pro- pasado maestro en las 

the species varies y que sus espeoiee vincial novel, re- novelas provincialas, 

with every specimen? varian en cada ejemp- nownod for his power afamado por su poder 

A£^!eed ; but it will be lar ? Enhorabuena, of description and descriptivo y pinturas 

well to draw a ^tinc- pero oonviene distin^ir realistic pictures of realisticas de la vida 

tion between the cases el oaso para el objeto peasant life in the aldeana en la montafla. 

as regards the subject de estos apuntes. mountains. The novel La novela de la cual 

of these reflections. of which our extract is nuestro extracto es el 

He who is selfish El que es egoista the opening is a satiri- prinoipio,^ es una his- 

beoause he has been porque asi le hizo cl oal history of the toria satirica de las 

made so by the ill-usage desddn de la fortuna. miseries and misadven- miserias y desventuras 

of Fortune, he who el que se oonsagra al tures of an old bachelor, de un soltero vicjo, en 

devotes himself to his propio regalo como partly intended as a parte escrita oomo con- 

own enjoyment as a en reoompensa do pas- reply to Bakac s novel testacion a la novels 

reward for bygone hard- adas fatigas, tiene en “ Petites Mis^res de la de Balzac. “ Petites 

ships, flnds an excuse 6stas la disculpa, y Vie Conjugale.” Misdros de la Vie Con- 

in this, and a perennial perenne deleite en la jugale. ’ 

delight in comparing comparacion del pre- Key to Exercise XI. (1) 

the smiling present with sente ruiseno con el 1. El amor al dinero trae la avaricia. 2. El 

tlie anxious past. Thus, ayer angustioso. De ser prodigo no es siempre tener oaridad. 3. La 

imagination does not este modo, ni la im- actividad vence la apatia y la pereza. 4. El 

beguile him, changes aginacidn le seduce, ser ilusivo es tener poca conciencia. 5. La 

cannot bewilder him, ni las vacilaciones le incredulidadesunatristecosa. 0. Lacuriosidad 

neither is he “the raarean, ni el vicio le demuestra una imaginacidn poco ocupada. 7. 

slave of habit,’’ ao- maJUif como el vulgo La desesperacion no es cristiana. 8. Muchos 

cording to the popular dice de los indecisos hablan, pocos son elocuentes. 9. El entusiasmo 

saying applied to those que lloran sofiados haoe el hombre heroico. 10. La erudicidn no es 

waverers who deplore males por exceso de siempre sabiduria. 11. Los celos hacen la 

imaginary evils from bienes. Lleva su desgracia de los celosos. 12. El celo es una 

excess of good. His rumbo bien trazado, virtud. 13. La gratitud demuestra nobles senti- 

courso lies clear before y camina eon pi^ firme, mientos. 14. En el peligro la presencia de 

him and he follows it sin el riesgo de tropezar espiritu vale mucho. 15. El remordimiento no 

flrmly, without any en desenganos, por lo remedia el mal hecho. 16, La necedad es 

risk of stumbling into mismo que no se alum- siempre orgullosa. 17. La vanidad es tonta. 

error from the veiy bra con ilusiones. 18. La ociosidad os madre de todos los vicios. 

fact that he has no if- 19. El aseo es una gran cualidad. 20. El desasoo 

lusions to light the way. es desagradable. 21. El pensamiento es dado 

The case of Gideon Otra cosa muy dis- Q-l hombre para guiarlo. 
is very different ; he is a tinta es Gede6n, tipo Key to Exercise XI. (2) 

type which includes all en que se resumen 1. I am aged. I am an old woman. 2. We 

kinds of egoists who todas las especies de are hungry. Eat bread and moat. 3. They 

ought not to be so, egoistas que no do- are not guilty ; I am guilty of this crime, 

even from selflsh mo- bieran serlo, hasta por 4. I am ashamed to have spoken against my 

lives. razones de egoismo. neighbour. I am ashamed ! 5. They are 

To these gentlemen A estos senores en- right, I am reasonable. 6. I am thirsty. 

1 address my tale. 1 derezo mi cuento ; con Drink water and wine. 7. Let us have 

speak to you ; to you, vosotros hablo ; con patience. 8. Thou art a fool to talk thus. 9. 

who, eager to avoid vosotrus, lo.s que afan- She is a beautiful woman, and has money. 10. 

material annoyances,fly ados en evitarle desa- Wo are fortunate to have such a celebrated 

from the most legiti- zones de la materia, father. 11. They will be punished for their 

mate joys of the spirit ; huis de los mas legiti- crimes. 12. He would be a man of talent if he 

to you, prodigal of your mos goces del espiritu ; were not so vain. 13. Thou wast amiable to 

substance, when it is con vosotros los que, sing. 14. He is a braggart and a liar. 15. Let 

a case of pampering prddigos de la hacienda us nave courage. 16. Originality in a man of 

the body and niggarcS cuando se trata de letters is a great quality. 17. Love of liberty is 

of it when your soul regalar al cuerpo, sois natural to man. 18. Insolence is unpardonable, 

requires a halfpenny to avaros de ella si el alma 19. It is well to ascertain the truth. 20. Exag- 

purchase joy. os pide un dbolo para geration sometimes amounts to falsehood. 21. 

adquirir un regoeijo. it is well to count one’s money before spending it. 

Continued , 
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ammonia ; while for alloys with much zinc, 
potash is the best reagent In fact, numerous 
etching liquids are available. 

It is sometimes an advantage to polish in bas- 
relief. When a complex body is polished, its 
different constituents tend to wear away un- 
equally, and it is possible, by placing it in con- 
venient positions, to show the structure by the 
unequal relief. To do this, the section is poushed 
on a bed elastic enough to bring out the finest 
details, such as parchment on soft wood, and 
moistened with wet rouge. Another method of 
polishing is known as polish attack. This consists 
of adding to the polishing p^ some liquid which 
exerts a slight chemical action when assisted by 
the friction of the rubbing. 

Heat Tinting. Etching polished metals 
with corrosive liquids is more or less liable to 
lead to the confusing of the constituents and 
crystalline structure. With feeble etching the 
component parts are, as a rule, revealed ; with 
strong etcbmg the granular, and often the 
crystaUine structures, are developed. By heat- 
ing polished sections at different temperatures 
the constituents become differently coloured by 
oxidation films, and may therefore be detected. 
This has the advantage over etching, that 
none of the metal is dissolved, and the surface 
remains flat. 

The Microscope. A very simple form of 
microscope is all that is necessary for examining 
metals, but the lenses must be of good quality. 
The objectives must give a flat field, should be 
achromatic, and should possess clear definition. 
A buirs-oye condensor is required for con- 
densing the light on to the object, or on to 
the vertical illuminator. 

The most useful objectives are 1 in. and ^ in., 
which give magnifications from 50 to 200 
diameters. Two kinds of illuminators are in 
use, termed respectively obliqtie and vertical 
illuminators. In the former, the microscope is 
generally tilted at an angle, and the light thrown 
directly on the object, which reflects it to 
the eye. For vertical illumination a piece of 
glass IB arranged at an angle of 45 degrees, so as 
to reflect a horizontal beam of light on the object, 
which then reflects the light vertically up the 
tube of the microscope to the eye. Instead of 
the plane glass reflector, a right-angled prism 
may be used. It is fixed in a brass mounting, 
and may be placed just above the objective, or 
just unoer the eye-piece. 

Iron and Steel. Wrought iron is com- 
posed of three chief parts : the crystals of iron, 
termed ferrite, the carbide of iron, termed 
cementite, and the included slag which imparts 
to iron its fibrous structure. C<Mt iron is of two 
chief kinds — namely, grey cast iron, consisting 
chiefly of ferrite and graphite ; and white cast 
iron, containing no free ferrite, but iron com- 
bined with carbon in a form which imparts to 
it a white crystalline Structure and great 
hardness. Steel is composed of different com- 
ponents, according to the amount of carbon 
present. When liie steel contains less than 
0*9 per cent, of carbmi, it consists of ierrite 
embedded in a matrix of what is termed pearlite^ 


which is an intimate mixture of ferrite and 
cementite in alternate laminsB. When the steal 
contains just 0*9 per cent, of carbon, Ihe whole 
mass is composed of pearlite, with no free crystals 
offerrilo. is termed the and 

the iron is said to be saturated with carbon. 
When the steel contains over 0*9 per cent, of 
carbon, it consists of crystals or grains of pearlite, 
smTounded by a network of cementite, which 
hardens the steel according to the quantity 
present. 

A section of pure iron, when polished and 
etched in dilute nitric acid, is seen to consist of 
irregular-shaped grains or crystals. Two dis- 
dinct types are generally observed: (1) smooth 
and bright areas consisting of pure iron (ferrite) ; 
and (2) greyish rough areas of a wavy or mottM 
appearance, being more readily attacked by nitric 
acid. When carbon is present the crystals of 
ferrite are surrounded by a matrix of pearlite, 
which encroaches more and more on the ferrite 
as the carbon is increased, as shown in the plates 
following pages 2936 [2 and 8]. The pearlite 
matrix is seen in the latter to have a character- 
istic banded structure. When the steel contains 
about 0*9 per cent, of carbon, the whole mass 
consists of pearlite. When the carbon is 
increased beyond 0*9 per cent., the ferrite crystals 
have entirely disappeared and have been re- 
placed by pearlite; the excess of carbon over 
0*9 per cent, then ap})earB in combination with 
iron as free cementite, as seen in 4 . These 
three figures represent the steel in the normal 
state. 

Effects of Annealing Steel. On 

annealing steel a change is produced in 
the physical properties, and this change is 
coincident with a change in structure. By 
annealing is meant heating to a certain elevated 
temperature and cooling slowly to the ordinary 
temperature. The effect on the micro-structure 
by annealing is seen in 5 and 6. The changes 
which have been produced occurred mainly in 
the ferrite, but the pearlite has become more 
granular. The effect of annealing high carbon 
steel at 620'’ C., as seen in 7, is chiefly to sharpen 
the outline of the cementite. The above remarks 
apply also to 8, 9, and 10, but the effects are 
intensified by the long soaking or annealing for 
12 hours, the cementite and pearlite being v^ 
well defined in 10. In all the specimens which 
have been described the white parts represent 
ferrite and cementite respectively, and the 
darker parts the pearlite. 

Malleable Iron. Malleable iron castings 
consist of white cast iron which has been sub- 
sequently annealed in iron boxes packed with 
haematite. The carbon in the castings before 
annealing is chiefly in the combined form, as 
cementite, and this undergoes a more or less 
complete change in the process of annealing. 
Some of the carbon is removed, but the greater 
part remains as graphite. On the outside of 
the casting the carbon is oxidised by the 
oxygen of the haematite, leaving ferrite. On 
the other hand, there is a store of carbon 
towards the centre of the bar in the form of 
amorphous graphite, which is conihiuidly re- 














«jlii|%uri8mg tlie ferrite by solid diffusion. The 
atrooture of the outside, intermediate and centre 
of the casting, is seen in 11, 12 and 13. 

Copper. The micro>structure of copper 
varies with the mode in which it has been pro- 
duced. Electrolytic copper is confusedly crystal- 
line. Pure copper consists of irregular-shaped 
crystal grains with very fine and sharp bound- 
aries. These crystal grains increase in size 
according to the slowness of cooling Small 
secondary grains are often built up from the 
larger ones. Fig. 14 is the top of a button of 
copper. When copper is rolled or hammered, as 
in 15, the secondary grains are elongated in the 
direction of the rolling, and finally may become 
so attenuated as to break down. Annealing 
tends to release the strain and allows the grains 
to rearrange themselves. Fig. 16 is coppcT foil, 
etched in nitric acid, and shows fine elongated 
grains. 

Tin. When an ingot of pure tin is cost it shows 
a bright surface, but if imptire, the surface shows 
a structure of dendritic crystals. I f the surfaces of 
the ingots be etched, they are seen to bt' coarsely 
granular. Fig. IT-is from the base of a very thin 
sheet of tin cast on stone. Fig. 18 shows a piece of 
hammered tin, by oblique illumination, etched 
with dilute nitric acid. The original 8tructur<‘ 
has disappeared, and a finer crystallisation has 
taken its place. Annealing causes a growth of 
the crystals. Fig. 19 shows the structure of tin 
after annealing. 

Zinc. An ingot of zinc shows dendrites 
similar to those of lead and tin. Fig. 20 shows part 
of a dendrite on the surface of metal cast on 
stone. There are three main axes. 

Aluminium. On the sides and base* of a 
bar of aluminium, where it ha>^ cooled in contact 
with the mould, dendrites of a leaf-like form arc 
seen, and in 2t are several of these dendrites 
which are the centres of crystallisation. 

Lead. Oast lead exhibits a dendrith* struc- 
ture, and the dendrites are the skeletons of grams 
or primary crystals. In 22 the secondary crystals 
are seen. This surface was the last to solidity 
m on ingot cast in stone. Etching brings out 
the primary crystallisation very distinctly. 

Platinum. Fig. 23 shows dendritc^s on ilu* 
surface of a platinum button. They consist of 
two axes at right angles, and form skeletons of 
the crystals, as in the case* of the metals men- 
tioned above. 

Silver. Fig. 24 shows the surface structure 
of an ingot of silver. Thre(‘ or more primary 
crystals are seen to be built up of numerous 
secondaries, possessing distinct orientation. 

Gold. Pure gold crystallises in hexagonal 
crystals, which are built up of secondary crystals. 
Pig. 25 shows some of the dendrites met with in 
a slowly-cooled gold button. Rolling breaks down 
the primary crystals, producing a finer structure. 

Alloys. Wlien two or more metals are 
made to unite permanently, the resulting body 
is termed an alloy. When mercury is the chief 
constituent the alloy is termed an amolgam. 
Comparatively few of the metals possess such 
properties as render them suitable to be used 
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alone by the manufacturer, but most of them 
have important applications in the form of 
alloys. 

The condition of an allo^ in the liquid state 
may be (1) either a solution of one metal in 
another ; (2) a chemical compound ; (3) a 

mechanical mixture ; (4) a solution or mixture 
of two or all of the above ; and similar differences 
may obtain in the solid state. A solidified solu- 
tion is illustrated in the allovs of lead and tin. 
Copper and tin produce a chemical compound 
(SnCu.;). Lead and zinc form an example of a 
mechanical mixture. 

The general effect of alloying metals together 
is to increase the hardness, lower the melting 
jioint and conductivity, and otherwise to modify 
the properties of the separate metals. An 
illustration of the hardening power by alloying 
is seen in the case of standard gold and silver ; 
of the lowering of the melting points, in the cose 
of fusible alloy ; and the class of alloys known 
OB brass forms a good object-lesson in varying 
changes of colour produc'd by alloying. 

Properties of Alloys. Metals may be per- 
fectly alloyed together when in the liquid state, 
but when poured into a mould there is often a 
tendency for the constituents to separate, 
causing the mass to be non-homogoneous. The 
reason of this is that th(‘ addition of one metal 
to another produces an alloy, the solidifying 
point of which is often lower than it should bo 
according to calculations based on the fusing 
points of the separate metals. One particular 
mixture has a lower fusing point than any other 
possible mixture of the metals em])Ioyed, and 
this is termed the e^dectic alloy of the series. 
Apart from true chemical compounds, a fluid 
mixture of two metals begins to deposit its less 
fusible constituent first, and os th(* ttmipt'rature 
falls, more and more of this constituent will be 
de})osit(*d, the other elements remaining in the 
fluid portion until it has acquired the eutectic 
composition, when it will solidify os a whole in 
the spaces left between the already solidified 
particles. 

The more slowly an alloy solidifies, the greater 
will be this tendency to separate* into two or 
more jiortions. Separation in the early stages of 
cooling may be partially prevented by mechanical 
agitation, such as stirring with a rod and by 
pourihg into a cold mould. In some cases 
the difference in the fusing points of the general 
alloy and the eutectic is so great that they may 
be largely separated from each other by pouring 
off the still liquid alloy after the other portion 
has solidified. An alloy of silviT and lead may 
be separated from copper in this way. 

Preparation of Alloys. Tlie usual 
method of preparing alloys is to melt tlu* metals 
together in a crucilile or furnace, but they may 
in some cases be jiroduced by strongly compres- 
sing the metals together in the form of powder. 
Certain alloys, such as gold and copper, or copper 
and zinc, may be made by electro-deposition. 
La^’ge quantities of alloys, chiefly those of iron and 
the rarer metals, are made in the electric furnace. 
Aluminium alloys are also made in this way 
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th<e tlMrnMl tiMtkod it it usual 'lo awlt ^ ftrottM. 
metiilof hii^tluBMA point firat, Mid tlieu toudd but load, siuo, nickel, mnugameac, Im, or tiiiooii, 

the other constituents. Brass, consisting of copper is often added to produoe certain eitets» or to 

andciac, may be taken as aaexample. Theccoper reduce the cost. 2iiic in small quantities makes 

is melted find/ beoausett has a much higher melt^ bronze harder. Iron and manganese also harden 

point than zinc, and the latter is also Tery volatile, it. Phospbmus and silioon are used as so- 

AUoys gene^ly have moperties differing called de^cidisera, influencix^ the removal or 

from their constituents, and some alloys have solution of gases, thus making the alloy more 

these diffepenoea very strongly marked. Thus, sound and con^saot, and forming hard, dense, 

if a very small quantity of arsenic be added to and tenacious alloys. Sulphur and antimony 

tin, the resulting alloy will have a crystalline tend to make bronze brittle. Arsenic acts much 

fracture closely resembimg zinc. SometiTneB metals in the same way as phosphorus, 

combine with evolution of heat, and sometimes Ihe physic^ properties of bronze depend on 
with an absorption of Imat. The following metals the oomposition, mode of manufacture, mecha- 

evolve heat when they are united — aluminium and nical treatment, and rate of cooling. Starting 

copper, platmum and tm, arsenic and antimony, with pure tin, die hardness increases with the 

bismuth and lead. On the other hand, lead and tin addition of copper up to ^ per cent., and from 

when they umte absorb heat. Metals are capaMe this up to 73 per cent, the alloys are exceedingly 

of diffusing mto each other if one of them be kept brittle ; beyond this the hardness diminishes as 

melted and the other in the sohd state. Thus, the copper increases. The alloy with 62 per cent, 

if m^tcn load be kept in contact with gold or of copper (SnCu,) is distinguished from all the 

platinum, some of the gold or platinum wiU pass rest by several characters ; it presents the same 

into the lead, and some of the lead will pass mto homogeneous composition after repeated fusion, 

the gold or platinum. Similar results occur with is peculiar m coloui*, has the highest density, 

tin or bismuth exhibits the greatest degree ot contraction. 

Copper Alloys. Copper forms with other 8»nd is so brittle that it can be powdered in 

metals a numerous series of alloys, and is *• mortar, 

valuable on account of its red colour, high Minor Alloye with Copper. Quit- 
malleability, ductility, softness, tenacity, and fndtal contains 8 to 11 per cent, tin, ^d the rest 
toughness, which properties it imparts m a great copper, but it frequently contains zinc in addi- 

measure to many of its alloys. Of these the most tion. Bdl Metal contains 76 to 80 per a^nt. 

important is brass, which is an alloy of copper copper and 20 to 24 per cent. tin. Small bells 

ana zinc. Tliese constituent metals may be united are also made of brass. Specvlrtm Metal oon- 

in all proportions, forming alloys of a red or yellow tains 68 to 70 per ctmi. copper, and 32 to 30 per 

colour, and other properties, according to the cent, tin It is while, takes a beautiful polish, 

amount of copper present Tlio best vaneties are and was formerly used for mirrors, 

exceedingly malleable and ductile, harder than Special bronzes are made with or without 
copper, easily worked, and have a lower melting tin. Phosphor-bronze is gun-metal to which a 

point and higher tenacity. The composition and little {Bosphorus has been added. Aluminium 

properties are shown m tiio following table : bronzes are alloys of copper and aluminium, of 

which the alloy with 10 per 
ALLOYS OF OOPPEK AND ZINC cent. aluminium is the 




Copper 



strength 

Toiwper 

IM| iJi. 

CtfUtlgnide 

OikUng Metal 

Red 

94 



13 

1,060 

Pinchbeck . . 

|Hed Yellow 

90 

8 

(Lead) 2 

12 

1,049 

Oroide 


90 

10 

— 

12 

1,060 

Talmi Gold 

Gold 

91 

8 

(Gold) 1 

12-5 

1,055 

Rich Sheet Bia«iB 

1 Yellow 

84 

16 

14 

1,015 

1,008 

Bath Metal 


80 

20 


14 

Xhitoh Metal 


7« 

24 


13 

980 

Bristol Brass 


73 

27 


13 

960 

Wire Brass 


70 

30 


13 

040 

Mosaic Gold 

iFull Yellow 

67 

S3 


IS 

918 

Muntz Metal 


60 

40 


20 

890 

Delta Metal 


58 

39 

(Iron) 3 

30 

900 

Sterro Metal 

LightYell. 

56 

42 

2 

— 


Brass Solder 

50 

50 


0 


Lap Alloy 

White 

48 

62 


S-6 

87t» 

Grey 

12 

88 


2 

690 


Brass or brazing solders are used for joining 
nsrts of brass articles toi^ther. The solder must 
have a lower melting point than the metal to he 
soldered, and the above table clearly indicates 
the different temperatures for fusion. Some 
varieties of brass ocmitaia iron wdakk inoreases 
the strength, hardness, and tenacity, but 
diminishes the ductility. 


strongest. It has a gold 
colour, takes a high polish, 
jg hard, malleable, 
1 tenacious. The addition 

12 10^ of 2 to 3 per cent, of brass 

12 L050 increases its tenacity and 

12%') l’065 renders it less liable to oxi- 

14 1,015 dation. Aluminium brass 

contains 2 parts copper, 

{3 Q30 1 part zinc, and 2 per cent. 

13 940 aluminium. 

15 918 Mcm^nese Bronze is brass 

which 2 to 3 per cent, of 
mangimeee is achiod. Hie 
0 manganese in ordinary bronze 

8'5 870 is sudded in the form of ferro* 

2 690 manganese. This neoessarily 

adds to the alloy 15 lb. 
at iron for every 80 lb. of manganese intro- 
duced 

Silicon Bronze is ordinary bronze to which 
1 to 2 per cent, of silicon is acUied. 

Nl^el Alloys* Oerman silyer is an 
alloy of copper, zinc, and nickel. It is used as a 
snhstitute for silver, and as the basis of electro- 
plated wares. Hie properties which make 


SMO 
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Qerman silver so valuable are its white colour, 
lustre, hardness, tenacity, toughness, malle- 
ab^t^, ductility, and power of resisting certain 
chemical influences. When carefully prepared, 
it works well under tlie hammer and stamp and 
between the rolls, but it is advisable that the 
metals used in alloj^ng should be as pure as 
possible, since small quantities of impurities, 
such 08 antimony and bismuth, seriously injure 
its working properties. Cobalt is sometimes 
added to German silver to the amount of 2 to 3 
per cent., and improves the colour of the alloy, 
'fhe following proportions make good working 
alloys : 

Copper . . 52 54 54 5tt 58 60 60 

Nickel .. 20 18 16 14 12 10 8 

Zinc . . 28 28 30 30 30 30 32 

German silver is made in crucibkw by melting 
the requisite amount of a 50 per cent, cupro- 
nickel alloy, and adding the rt‘quiBite zinc in the 
form of brass containing equal parts of copper 
and zinc 

German silver is largely used by electricians 
for standard electrical resistance's because it has 
a low conductivity, and because the conductivity 
is not greatly affect e^d by moderate differences m 
teimperature Platinoid, the electrical resistance 
of which is singularly constant through consider- 
able ranges of temperature, is s, (ierman silver 
(‘ontaining 2 jier cent, of tungsten 

Cupro-nickel, containing 75 parts copper and 
25 parts nick('l, is us('d tor sma.ll coins, and an 
illoy of 80 parts copper and 20 parts nickel is 
employed for making pi’ojectilcs 


TIN ALLOYS 

Britannia Metal. .91 Tin 7*5 Antimony . , LfiOoppor 
Pcwtei , . 80 ,, . .20 J^ad — 

Fine Soldei . 2 . 1 ,, — 

Plunibei *8 Sold<M 1 . 2 „ — 


LEAD ALLOYS 

Tyyie Metal 72 I^muI . . 18 Antiiiioii> . . 10 Tm 

„ M H2 „ .. ir, „ .. 3 „ 

Bearing,, . . 84 „ .. 1« ,, .. — 

„ „ 00 „ .. 20 „ . 20 „ 

Shot ,, .. 99*7 ,, .. 0 2 to 0*3 ArRoiiio 

BISMUTH ALLOYS 

Newton’s. .50 Bib.. .31 LoikI .19 Tin.. — 

Koeo’s ..50 „ ..28 „ ,.22 „ .. — 

Wood’s . .50 „ . .24 ,, . , 14 „ . . 12 Cadmium 

Liiiowity's 50 „ ..27 ,, . 13 „ ..10 „ 

COTNAOE ALLOYS 

Cold Coin. .91*67 Cold. .8 *33 Copper (Brit. Standard) 
„ „ ..90 „ ..10 „ (Amenenn „ ) 

Silver,, . .92*6 Rilvei . .7.5 „ (Stiindurd) 


Refractory Materials. When a material 
is capable of resisting high tt'inperatures without 
melting, softening, or decomposing, it is said to 
be refractory. Such materials are essential in the 
construction of furnaces in which most metal- 
lurgical operations are conducted ; at any rate, 
refractory bricks and materials are required for 
the interior, where a high tempeiature prevails 
and the scouring action of metallic oxides have 
to be resisted. Refractory materials are used 


in the natural state, such as quartz, sand, 
alumina, oxide of iron, lime, magnesia, and 
fire olajr ; or they undergo a preliminary prepara- 
tion before use. 

The degree to which a substance is refractory 
depends on the ciroumstances under which it is 
employed, and chiefly on the substances with 
which it is brought into contact. For instance, 
silica (sand) heated alone to a very high tem- 
perature does not oven soften, but if brought in 
contact with a base, such as lime or oxide of 
iron, union takes place with the formation of a 
fusible silicate. Again, many substances are 
capable of resisting a very high temperature if 
gradually raised to it. but have not the power 
of resisting sudden changes of temperature, as, 
for instance, when a cold crucible is suddenly 
placed in a hot furnace. 

Silica and Alumina. In the form of 
quartz, silica is able to resist all ordinary 
furnace temperatures, and coarse grained sanci- 
stones, such as millstone grit, are frequently 
advantageously used. White sand is very refrac- 
tory, and is a valuable material for furnaco 
lining, for the beds of rc'vorberatory furnaces, or, 
mixed with refractory clay, to form silica bricks 
for the roofs. Dinas Hock, found in the Vale of 
Neath, contains about 97 per cent, of silica, and, 
when powdered and mixed with a little lime or 
clay to make it cohere, is pressed into bricks. 
These resist very high temperatures, and are 
('Specially useful for the arches of reverberatory 
furnot'es, as tlioy expand with heat, but they 
will not withstand the corrosive action of 
metallic oxides Oanister is another siliceous 
material, largely used for lining Bessemer con- 
verters, and found in the lower coal measures of 
Yorkshire. Tt differs from Dinas rook in having 
the jiower of binding together when mixed with 
water. Natural siliceous stones arc occasionally 
used tor the hearths of blast furnfiees and similar 
purposes. 

Alumina is as iniusiblc as silica, but is rarely 
found in nature in a pure state. Bauxite, which 
occurs in s(*vcral localities in France, consists 
chiefly of alumina and oxide of iron. It is highly 
refractory, owing to tlu* aluminate of iron tliat 
forms at high temperatures being very infusible. 

Lime and Magnesia. Lime and Magnesia 
are practically infusible bodic'S, and strongly 
basic in character, but readily form fusible 
compounds with silica. These oxides occur as 
dolomite, from which material the lining of 
liasic furnaces is prepared Dolomite consists 
mainly of carbonatt' of lime and magnc'sia, 
unlik(' ordinary limestone* or clialk, and after 
It lias been very strongly caleinc'd it can be 
reheated and cooled as oft(*n as rcciuired without 
('rumbling The most successtul method of 
utilising dolomite or magnesium limestone is to 
lire It strongly, and the n to grind it flne and mix 
pitch with it. The briclu made from this 
mixture are then strongly tired. Such bricks 
shrink considerably during firing, which gives 
them a more or Umss curved form, and they have 
to be set with similar material, which is very 
difflcult to fire satisfactorily. In consequence of 
this, the calcined dolomite and pitch are madtf 
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ittto ft fthmj/* or liq«id bumb, and nm mio % dentj wUnli tow eU^r pqbiwimm of duriakiftg 
iiMKdd cd tiie xoqnired 800 and siMpo, that «oii- whenheatod. A good oqmWo alMMild bo ci^iMo 
oolidftled bj heat. of reeiitiiig teMperatmos, enddon ohnngfin 

Clay# ^fVecib^ is essentially a hydrated sifioate of temperature, and the oorrooiyo aotioa of 

of fthimina, wHb varying amounts of Hmo, mag- metallio oxides. It idiould not be brittle or 

nesia, oxide of iron, alkanes, and some free sihea. tender when hot. Some omoibles are required 

The plastie pr o per t y which days possess isdneto to withstand the corrosive action of metallic 

the ohemieaHy oombmed water. All chm have oxides, and in such cases the clay should be as 

been derived from the dbintegration of felspars, neutral as possible, and not contain free siHea. 

which occur in igneous and some stratified rocks. In order to test a clay as to its suitability for 

The character of the clay mainty depmds on the resisting l^h temperatures, it shouki be crushed 

nature of the rooks from which it or^inated, and up fine, sifted, mixed with a proper proportion 

to the extent to which the felspar has been of burnt clay and water, ana kneaded to the 

decomposed. The refractoi^ power depends on right consistency. A piece of the clay is then 

its freedom from oxides of lime, magnesia, oxide shaped into the form of a prism or pyramid, so as 

of iron, and alkalies. to form sharp edges, carefully drieo, baked and 

Pure clay may be said to consist alumina, exposed to a hi^ temperature in a covered cm- 

silica, and water, r<mresented the formula cible for some time. If very refractory, the test 
AI2O3, 21^02 + 2H2O, or approximately 46 piece will show no signs of fusion. If ^e edges 

silica, 40 alumina, and 14 per cent, water. The have become somewhat rounded it indicates 

best china clay has very nearly this composition. incipient fusion, and if melted, the clay is useless. 

The composition of fireclay ranges from 50 to A similar piece should be tested in a reducing 

55 per cent, silica, 20 to .32 per cent, alumina, atmosphere by packing it round with charcoal 

2 to 4 per cent, liine, magnesia, etc., and 10 to 15 in the crucible. In order to test fireclay as to 

per cent, water. If raw clay be moistened with its resistance to oorrosio^ the crucible may be 

water, it can be moulded to any desired shape, half filled with copper, which is then melted, and 

and preserve its fonn after drying and baking. a little borax inseHed, so as just to form a ring 

If, however, the baked clay be crushed up and round the edge of the molten metal, and yet 

again moistened, the plastic property will be leave the centre frise for oxidation. The borax 

found to have disappeared, because the baking will absorb the oxide and rapidly corrode the 

at a high temperature has effectually removed crucible unless it be of* excellent quality. The 

the chemically combined water. behaviour of the cmoible under fhe weight of 

Refractory Mmteriala. Refractory the copper melted indicates the other qualities 

materials may be classified as acid, such as of the crucible. 

quartz and Dinas rook ; neutral, such as Plumbago Crucibles. Plumbago crucibles 
graphite and chrome iron ore ; and basic, are made of clay and graphite, in the proportion 

su<» as dolomite, lime, oxide of iro^ etc. of 51 of the former to 49 of the latter. Only 

In furnace construction, a basic material has certain varieties of graphite are suitable, the 

been found in many cases, especially m steel texture being of great importance. The graphite 

making, a great advantage for tli^ bed or bottom is picked, ground, sifted, and mixed with fireclay, 

of a furnace ; but basic bricks, as already and left for some time to mellow after it has been 

explained, would not be suitable for the roof kneaded damp. The crucibles are moulded, dried, 

arches, b^auae of their contraetKin on being then burnt in kilns. An oxidising atmosphere 

heated. Henoe it is neceSsaiy to build the roof must be avoided to prevent the carbon burning oS. 

wiUi acid brieks. If acid and basic bricks touch The following analyses show the approxi- 
each other, a mutual combination is likely to mate composition of British materials used in 
occur at high temperatures, so they are generally furnace construction ; 
separated by a course of neutral 
material, of which chrome iron ore 
has been found veiy effective. 

Firebricks are mostly made of fireclay 
mixed with quartz or burnt clay. The 
mortar for siting firebricks is prepared 
from the same materials as the Inricks 
themselves, or from good fireclay, bo> 
cause lime mortar would not be suitable. 

Crucibles and Retorts# For 
certain metallurgical operations, such as 
the manufacture of east steel, the ex- 
traotion of zinc, antimony, arsenic, and 
mercury, special vessels are employed, 
in the form of retorts, crucibles, muffles, 
tubes, etc., and these require to be made 
for the most part of refroMtory materials. 

Crucibles are made of firrolay, with 
sand, burnt clay, or other infusible 
material, so as to counteract the ten- 
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Group 24 

THE MYSTERY OF THE N-RAYS physics 

Do the N-rays Exist ? The Mysterious Discoirery of M. Blondlot The Fallacy of ^ 
Human Vision. The Doubtful Result of the Camera. Prof. Rontgen and the X-rays coutiiiuiNi from 


By Dr. C. W. SALEEBY 


The Unity of Ethereal Vibrationa. 

Everything goes to show that the one ether is 
adequate, as Faraday expected, for the explana- 
tion of light and of electromagnetic phenomena. 
Says Clerk-Maxwell ; “ The properties of the 

electromagnetic medium are therefore, as far as 
we have gone, similar to those of the luminiferous 
medium, but the best way to compare them is 
to determine th(‘ velocity with which an electro- 
magnetic disturbarce would be propagated 
through the medium. If this should lie equal to 
the velocity of light we should have strong 
reason to believe that the two media, occupy- 
ing as they do the same spac'C, are I'eally 
identical.” We now know that, as Hertz 
proved, the two velocities arc equal. Again. 
Olerk-Maxwell goes on to recount a numlier of 
difficulties which he in the way of the acceptance 
of “ the undulatory theory, in the form which 
treats the phenomena of light as the motion of an 
elastic solid ” We cannot do better than quote 
his own words : 

“ The first and most important of these 
(difficulti(‘H) is that the theory indicates the 
possibility of undulations consisting of vibrations 
normal to the surface of the wave. The only 
way of accounting for the fact that the optical 
phenomena which would arise from these waves 
do not tak(* place is to assume that the ether is 
incompressible. 

“ The next is that, whereas the phenomena of 
reflection are best explained on the hypothesis 
that the vibrations are perpendicular to the 
plane of polarisation, those of double refraction 
require us to assume that the vibrations are in 
that plane. 

“ The third is that, in order to account for the 
fact that in a doubly refracting crystal th<* 
velocity of rays in any principal plane and 
polarised in that plane is the same, we must 
assume certain highly artificial relations among 
the coefficients of elasticity. 

“ The electrorrmgvetir theory of light satisfies 
all these requireiaerUs by the single hypothesis that 
the electric displacemevt is perpendicttlar to the 
plane of polarisation.' ' 

New Kinds of Radiation. We must 
now turn from this theory of light. whi<’h com- 
pletes, perhaps, a magnificent train of optical 
discoveries made in this country from the time of 
Newton onwards, and must consider one or two 
kinds of radiation, the very existence of which 
was unsuspected until recent times. Of these, by 
far the most important are the Rontgen rays, 
which have proved themselves to be of such very 
great practical importance. But in the first place 
we may address ourselves to the so-called N-rays 
which are sometimes named after their dis- 


coverer, M. BJondlot, of the University of Nancy, 
in France. 

• Did M. Blondlot See the N-raya ? 

Let us begin in the first place by noting that 
some measure of doubt still exists as to the 
objective actuality of these rays. M. Blondlot 
has a sound reputation as a physicist, and there 
is no suggestion of fraud in his assertions, but 
for some reason or other there has been very great 
difficulty on the part of other men of science in 
obtaining the results which M. Blondlot believes 
himself to have obtained M. Blondlot worked at 
the subject for three yc^ars before he made any 
announcement. A number of French physicists 
confirmed the discovery, and a continuous flood 
of papers on the subject poured into the Paris 
Academy of Scieni'es for some time. The 
N-rays were promptly hailed as proof of “tele- 
pathy.” and it was hoped that, since they are 
said to b‘ specially emitted by active nervous 
tissue, they might be utilised in medicine 
Th(‘ Blondlot rayi are said to pass through 
aluminium or black paper, and. acTording to 
these observers, can be focused by an alu- 
minium lens just as rays of ordinary light 
can b' focused by a glass lens They seem 
to be emitted by almost all kinds of matter 
— and ceaselessly so. Prof(‘SHor C^harpenticr, 
ot the (^haii of Physiology at Nancy, declares 
that these rays are given out in special degree 
by living muscle and nerve. According to him 
it IS possible, by using means to identify these 
rays, to trace the course of relatively superficial 
nerves in the forearm, such as the median iwtvc* ; 
and it IS found that the amount ot radiation 
increases when the nerve is at work 

“ Spectral *' Rays. It would c‘vidently be 
hasty, however, to assume at onct* that the dis- 
covery of these rays establishes an cjioch in the 
study of telepathy, because thcie is no essential 
distinction between tlu'se sup])osed Blondlot rays 
and the rays of radiant heat which are also 
emitted by nervous tissue. The N-rays are 
said to include at least four sets of rays of 
slightly different properties, just as the octavo 
of visible light includes many dificrcnt colours. 
They are definitely assert-cd to be sjiectral rays 
- that IS to say, to li(‘ in th(‘ ether(*al keyboard, 
and not to be, in reality, material like the so- 
called alpha rays of radium. It is asserted that 
they can be reflected, refracted and polarised 
just like ordinary light, and that their wave 
length IS measurable. 

It was next shown, according to the French 
observers, that under certain other conditions 
a closely allied set of rays could be discovered, 
and these are known as the Ni-rays. And it 
seems to have been shown that, in the first place, 
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aenrouB stractures exceed all oUier subeUiioea, 
organic or inorganic, in their enuBsion of the N 
and the Nj-rays ; and, secondly, that the appli- 
cation of ansssihetics arrests the production of 
both by nervous tissue. It was at this stage in 
the history of the subject that the Paris Academy 
oi Sciences, a body comparable in dignity and 
Imowledge to our own Royal Society, awarded 
to M. Blondlot the Le Comte prize of 60,000 
francs for the most interesting work in physical 
scienoe (July, 1904). 

Are the N«raye a Myth ? A. few months 
later the editor of the “Revue Scientihque 
instituted an inquiry into the subject. Ho 
addressed questions to all the leading physicists 
in France, including such men as il^querel, 
Berthelot, Moissan, d'Arsonval, and Professor 
Curie, whose recent death is to be deplored by 
all students of science. Now, if there is anything 
quite certain it is that no scientific question nor 
any other matter of truth or falsehood can be 
settled by a counting of heads. But, neverthe- 
less, the opinions of men such as these are worth 
noting. The inquiry was well timed, for the 
question had become acute. A well-known Anglo- 
Saxon physicist had visited the laboratory at 
Nancy and could see nothing. He wrote a letter 
to “ Nature ” saying so. Also the subject was 
discussed during an entire sitting of a section of 
the British Association in 1904, and the general 
opinion arrived at was that the N-rays are 
a myth. 

The result of this notable inquiry was most 
interesting, and may be typified by the trans- 
lation of parts of two consecutive answers. 
M. Poinoar^ said: I have made researches 
which have not given me results ; and M. 
d’Arsonval said: have made some trials 

which have perfectly succeeded ” 

Can We Believe Our Own Eyes ? Of 
course, such differences of opinion as these give 
the enemies of scienoe occasion to blaspheme. 
They say that if scientific methods are worth 
what they are said to be worth they should be 
able to solve such a simple question as this ; 
but, as the present Writer has pointed out else- 
where, no matter is simple that involves 
anything so infinitely complex as human vision.” 
M. Poinoar4, for instance, goes on to say that he 
has a spasm of accommodation (that he is 
unable to relax the internal muscles of the eye, 
so as to focus it for distant objects) ; and it is 
asserted that one cannot observe these pheno- 
mena unless the accommodation be relaxed. 
This argument will appear quite reasonable to 
anyone who has tried to look into the interior 
of an eye with the ophthalmoscope, when it is 
essential for success (by the direct method) that 
the accommodation be relaxed, as if one were 
gazing at the horizon, though one is really 
trying to see an object not two inches distant 
Then, again, it is j^rfectly well known, in the 
case of the sense of hearing, that different 
people have different capacities. Some can hear 
the shrill cry of a bat, while others cannot. 
Without doubt, the same is true of the visual 
sense. There may be very few eyes that happen 
to be capable of seeing these phenomena. 
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Sources of Follftoy« But ihk la by 

no means all It is notoriooi that wfam 

K ents are repeated under what purport to 
i original cc^tions, but without proving 
the ordinal result, it is often found that the 
conditions have not really been similar. If the 
one experiment has been made in a room whose 
temperature was 60® F., while the other was 
five degrees warmer, the discrepancy may be 
accounted for. Frequently the discovery that 
such minute conditions are intent has led to ^ 
important results. Then, ^am, if we assume 
that the N-rays have no objective existence, but 
are simply due to peculiar happenings in the 
eyeball of the observer, we have not yet 
explained why some observers obtain the results 
and others do not. Does not this immediately 
show that eyes vary ? — which is what those who 
believe in the rays very properly assert. 

There remains bad faith, which can be ex- 
cluded in this case, and the infiuence of what 
the psychologists call auggestion. It may be that, 
especially perhaps in people with a French 
temperament, those who see the rays are those 
who believe most strongly in M. Blondlot's 
ability, and conversely. 

From just about the time that the “ Revue 
Soientifique ” published the result of its inquiry, 
the flow of papers on tliis subject to the Paris 
Academy of Sciences ceased ; and for a very 
considerable time practically nothing whatever 
was heard of the N-rays. 

Evidently it is the photographic camera that 
should settle this question, once and for all, as it 
has indeed settled the parallel question of the 
canals of Mars. And quite recently, when many 
had almost forgotten all about the N-ra 3 rs, they 
“ turned up again.” Photographic evidence was 
brought forward. The N-rays do not directly 
affect a photographic plate, any more than they 
directly affect the eye. The question all along 
has been whether the production of these rays 
really affects other luminous bodies, altering their 
brightness in the fashion which, as M. Blondlot 
asserts, can be readily seen by the eye. 

Have the Rays Been Photographed ? 
It now appears that the observers at Nancy 
have succeeded in photographing the result of 
the production of N-ra^ under certain con- 
ditions. Nevertheless, this question seems to 
ba still destined for the production of doubt, and 
highly competent observers are now to be heard 
saying that when they repeat in every particular 
— apparently — the Nancy conditions, they do not 
obtain the photographic results which were there 
obtained. Hence it is impossible even yet to say 
for certain whether or not^ the N-rays are a 
reality. On the whole, perhaps, recognising the 
superior value of well-attested positive evidence, 
as against equally well- attest^ negative evi- 
dence, and remembering also that there is no 
inherent improbability, but rather the utmost 
probability, in the asserted existence of these 
rayAf we may tentatively incline to the view 
that their objective reality will shortly be 
demonstrated. It would surely seom inerrable 
that the present gaps in the ethereal keyboard, 
as we know it, oorrespond to actual gaps in 



K«tae ; wjmhim will thm be found e phyeioiet 
to doubt that from the longest eleotrio waves — 
— ^perhaps half a mile in length — up to the 
BSstgen ra]^ the length of wiu^ must be mea- 
suied in millkuiths of an ineh* there is perfect 
continuity. The assertion of M. Blondlot is no 
more tham that he has discovered the means 
of production, and has detected the consequences, 
of certain of the rays, as to the necessity of the 
existence of which we all agree. 

The Interpretation of Nature. Man,’* 
said Bacon, ** is the servant and interpreter of 
Nature,” and Science, properly so-call^, is not 
observation or experiment or calculation, but 
interpretation. The greatest of the names which 
have been mentioned hitherto in this course, 
and the greatest names in all the sciences, are 
not, after all, necessarily the names of the 
greatest observers or the most ingenious and 
patient experimenters ; they are the names of 
the interpreters. The main principles on which 
we act, according to Bacon, in attempting the 
interpretation ofNaturc, are discussed in another 
course. But this present controversy about the 
N-rays affords a particularly instructive instance 
of the actual difficulties that may beset us. 

In interpreting the facts, or alleged facts 
before us, we may be tempted in this case, as 
are tempted, indeed, at all times, to assume that 
the ejrolanation must be either A or B, or perhaps 
A or B or C. We then proceed to exclude each 
of these factors in turn until, having success- 
fully excluded A and B, perhaps wo can rest 
content in the belief tliat C is the true explana- 
tion. Now, the process of exclusion is an abso- 
lutely valid and efficient one if our assumptions 
are sound, but it leads to the most unfortunate 
consequences if they are unsound. The com- 
monest defect of such assumptioas is the omission 
of possibilities. For instance, if there be a fourth 
possibility, D, which we ignore, our inference 
from the exclusion of A and B — viz., the inference 
that C is the correct explanation — plainly ceases 
to be valid. 

The Poeelble Explanation of the 
Mystery. Now let us ap{]^ this to the 
present case. The more we think about it, the 
greater is Uie number of possibilities which wc 
disoover. It has been the particular endeavour 
of the writer to enumerate as many possibilities 
as he can, but be bas no doubt whatever that 
thCTo may be others— perhaps many others — 
whkh he has not recognised. Either (1) the 
^enomena asserted to have been seen by M. 
Blondlot have an objective existence ; or (2) 
th^ have not Ftet, considering the latter 
possibility, we find a number of possible explana- 
tions ol M. Bkmdlot’s assertions ; (1) That he is 
self-deoeived ; (2) that he is consciously dis- 
honest ; (3) that he and his fellow- workers are 
the victiaw of mutual suggestion ; (4) that the 
eym of H Bkmdlot those who have seen 
differ in some specific way from 
the eyes of those who have faim to see them. 

On the other hand, various possibilities may 
be assigned on the assumption that the N-ravs 
have an objective existence ; (1) That those who 
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have denied their existence are dishonest ; (2) 
that they ate self-deceived ; (3) that, in various 
attempts to confirm M. Blondlot’s results, all the 
conditions have not been reproduced, even 
though all that he himself names nave been repro- 
duced. There may be other conditions which he 
himself has not recognised, but which are present 
in his experiments, are neoessarv for the produc- 
tion of uie N-rays, and, as it happens, are not 
present when proof of the existence of these rays 
is sought for elsewhere than at Nancy. 

Wo would appear to have completely exhausted, 
or more than exhausted, all the possibilities 
which have to be reckoned with if this problem 
is to be solved by the “ method of exclusion ” 
Yet there actually remains a possibility, which 
many will have forgotten, and which is not in- 
cluded in either of the two simple propositions 
with which we began. Perhaps it is (^uito possible 
that the N-rays have not an objective existence 
in the sense in which we have used the words, 
and yet that they have an objective existence. 
Nothing could appear fairer or more final than 
the simple alternative with which we started, 
and yet it was false, for it totally omitted to 
recognise the possibility that the so-called N-rays 
may bo none other than the manner in which cer- 
tain persons under certain conditions can appre- 
ciate some internal phenomenon of the retina 
Is such a phenomenon objective or subjective ? 
The student of psychology cannot fail to answer 
that it IS really objective, but then he lias looked 
rather more deeply tluui most of us into the 
proper meaning and use of those adjectives, 
ouch vision is now known as entoptic vittim — 
that is, vision of what is within the eye. 

Professor Rontgen and the Rontgei^ 
Rays. The remarkable Rontgen rays which 
wo are about to study are very frequently 
known as X-rays, this being the name which 
was given them by their discoverer, obviously 
with the intention of indicating their unknown 
character. But in the last decade physical 
science has moved tremendous striaes, and 
the nature of these rays is no longer unknown 
There are sufficient phenomena in Nature indeed 
to which the term X may well be applied, and it 
is surely a pity that we should not now always 
use the name of the discoverer to indicate these 
remarkable manifestations of energy. 

Professor Conrad Wilhelm Rontgen made his 
great, if somewhat fortunate, aiscovery on 
November fith, 1326. The date is really a 
memorable one because of the amazing impetus 
vdikh this duxiovery imparted to the progress 
of physios. Professor Rontgen still fiourmhw, 
ancl was the subject of a celebration held in 
Berlin last year in honour of the completion 
of a decade since his first observation. He was 
undoubtedly fortunate in not being anticipated 
by Sir Williiun Crookes, after whom the Orwkes 
or vacuum tube is named, for these tubes had 
actually been in general uso; mainly for pur- 
poses of demonstration, for considerably more 
than twenty years before 1895. Dr. Hertz also, 
to whom we have already referred, had all but 
completed the observation of these new rays. 
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By P. G. KONODY 

Renaissance Blending with Gothic. the designer of Henry VII. ’s tomb in West- 

Just as the Gotliic style, born in the minster Abbey, John of Padua, Giovanni da 

North, found the Italians reluctant to accept Majano, and Rovezzano. 

its tenets, so Renaissance architecture could Ellsabethan Work. The Elizabethan 
only slowly force itself upon the Northern style, *'an attempt on the part of the English 

nations. In France and in Germany the new to translate Italian ideas into their own vernacu- 

forms made their appearance comparatively lar,” was chiefly employed for richly-decorated 

late in the sixteenth century, and to a great private mansions and dwellings, of which we 

extent lost their original purity through com- need only mention Longford Castle, built by 

bination witli Gothic motifs. The church of John Thorpe ; Knole, Kirby, and Penshurst. 

St. Eustache (a.d. 1532), in Paris, illustrates th<' In the Jacobean period the Renaissance character 

blending of the two styles, and such French became more pronounced, especially in the use 

private buildings as the castles of Chenonceau of columns and entablatures. Holland House 

and Chambord show the picturesque combina- and Hatfield House may be quoted as notable 

tion of Rtmaissance motifs with Gothic turrets <‘xam})lea. But Elizabethan and Jacobean 

and slanting roofs. One of the most graceful buildings on the whole only form a transition 

structures of the R<'nai8sancc in France is the from the Gothic to the pure Renaissance style, 

famous winding staircase at Blois, which a which appeared, with Inigo Jones, in the 

recent critic has tried to prove to be designed seventeenth century. This master’s great buiM- 

by Lionardo da Vinci I see pages 3244-5] The ings, such as the Banqueting Hall, Whitehall, 

Louvre, the Luxembourg, the Pantheon, and and the Duke of Devonshire’s villa at (’hiswick, 

the Dome des Invalides in Paris, are notable prove him a studimt and follower of Palladio, 

examples of the French Renaissance. In Inigo Jones was followed by Sir Christopher 

(Germany the castle of Heidelberg (a.d. 1645) Wren, the builder of St. Paul’s and several 

IS a remarkable instance of the blending of other beautiful churches. He died in 1723. 

Classic decoration with Gothic sentiment. But Northern Renaissance Sculpture, 
in both countries the new style did not achieve Tlie progress of sculpture in Northern Europe 

complete victory before the seventeenth century, cannot be followed as easily as in Italy, 

when its severe beauty had given way to the for in spite of the colossal output of artistic 

flamboyancy of the Baroque. work in France*, Germany, and the Netherlands 

In England, the introduction of the Renaissance there is a lack of brilliant individualities which 

style IS due to Italians, such as Torrigiano, stand forth as landmarks of the progressive 
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77. THE CENTRAL PORTION OF “THE ADORATION OF THE LAMB,” BY HUBERT AND JAN VAN EYCK 

(Church of St. Bavou, Uheut) 
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78. **TH1 DESCENT 1TK>M THE CBOSS/' BY RUBENS 
(Antwerp C^etbediml) 


Bohools there were in vast num- 
bers, and thronghoat these oountries 
the same t«idency is to be noted ; 
but few, indeed, are the men 
whose names have been handed 
down through the ages as creators 
of masterpieces. Love of carefully- 
studied detail, clear rendering of 
facial expression, close adherenoe 
to nature, and delight in ren- 
dering the various textures are 
the chief characteristics of 
Northern Renaissance sculpture, 
which could never rival the 
triumphs of Italy, partly owing 
to the lack of classic examples, 
partly to the absence of the suit- 
able material — the marble of 
which the Italians had an abun- 
dant supply. 

Wood«€:arvlng In Germany. 

During the fifteenth century the 
art of wood-carving reached an 
extraordinary degree of perfectiem 
in Germany. The tendency of the 
carved wood statues and altars 
with many figures in high relief, 
was distinctly pictorial, especially 
in the restless arrangement of the 
dra|)eries ; and painting and gild- 
ing were frequently resmrtod to 
to enhance the effect. Nuremberg 
at that time became the chief 
centre of German arts and crafts. 

It is almost essential to visit this 
quaint old-world city to form an 
adequate idea of tlio art of this 
period, for it harbours the chief 
works of such mastors as Veit 
Stoss, the wood-carver ; Adam 
Krafft, the stone-sculptor ; and Peter Vischer, 
the bronxe-worker, who is the author of the 
famous figure of King Arthur in the “ Hof- 
kirche ” at Innsbruck. 

Sculpture in France and Eng- 
land. In France the chief works of sculpture 
produced between the Gothic period and the 
triumph of the Italian influence of the masters 
summoned by Francis I. to Fontainebleau, are 
to be found among the monumental tombs at 
Dijon, Amiens, Rouen, St. Denis, and Bourges. 
Then Primaticcio and Rosso started the Italian- 
ising school of Fontainebleau which produced 
sculptors like Jean Goujon and Germain Pilon. 
The naive realism of the earlier sculptors had 
now given way to an elegant and sometimes 
mannered style, the chief aim of which was 
decorative effect. The reliefs of the Fontaine 
des Innocents, at the Ijouvre, in Paris, represent 
Goujon at his best ; whilst Pilon ’s Three Graces, 
likewise at the Louvre, illustrate this master’s 
exaggerated elegance. What little indigenous 
style there waF in English scul^ure was stifled 
by Torrigiano, Benedetto da Rovezzano, and 
other Italians called to Ei^land in Tudor days. 

The rise of pictorial art in the North coincides 
with the invention of oil as a medium for painting 


by the brothers Jan and Huliert Van Eyck, at 
the end of the seventeenth century. And 
curiously enough, Flemish painting, at its very 
beginning, appears at a sta^ of development 
which Italy had only reached by slow and 
gradual steps. The Van Eycks are great 
masters, not only by comparison with Siose 
that went before, but even if measured by those 
that followed them. We have already seen how 
the conditions imposed by the Gothic architec- 
tural system limited the painter’s activity to 
small panel pictures, so that his attention was 
fixed on the elaboration of minute detail, instead 
of monumental massing of line of form, and on 
soulful expression instep of stateliness of pose. 

Oil Painting in Flanders. The new 
school arose in Flanders — the Belgium of to-day 
— which was then one of the chief commercial 
and industrial centres of the world The 
brilliant pageants of the Flemish cities with 
their constant coming and going of wealthy 
traders from every part of the world, must have 
been a powerful stimulant to the local painters, 
who hi^ ample opportunities of feasting their 
eyes on colour, and stud3ring the types and 
costumes of the seething international crowds 
that filled the streets and markets. 
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The Van Eycile. Hubert Vfin H^rek 
was born about a.d. 1366, and worked prin- 
cipally at Bruges and Ghent. The subject 
matter and symbolism of his painting are 
still quite medisoval, but the actual incidents, 
costumes and types, architecture and landscape, 
are lovingly and faithfully copied from the 
scenes which he had daily before his eyes, and 
set down with painstaking precision, which was 
only surpassed in minuteness by the work of his 
brother Jan. The Adoration of the Lamb ” [77] 
is their chief work. Rogier van der Weyden, 
bom in a.d. 1400, was a little less literal in 
his transcripts of nature, and more emotional 
in expression. Hans Memlinc, a Bruges painter 
of German origin, born about 1430, is the most 
lovable painter of a school which too frequently 
delighted in the realistic representation of scenes 
of tortures and other horrors. In him the 
realistic tendency of the school finds expiession 
in the wonderful rendering of landscape and 
accessories, but he was an artist full of tender 
feeling and poetry, with a rare sense of feminine 
purity and inno- 
cent grace. Gerard 
David, who was 
born about 20 years 
later and worked at 
Bruges at the end 
of 'the century, was 
much influenced by 
Memlinc, and is dis- 
tinguished by a 
glowing sense of 
colour and beauti- 
ful line. Quentin 
Matsys, born 1460, 
practis(;d portraiture 
and genre, besides 
religious art, and 
marks a decided 
advance in expres- 

SZS^’S S 

• 1 roo r BY TENIERS ' 

in 1632, fl-iid even (From the Wallace 

more with his con- 
temporary, Raphael’s pupil, B(*rnard van Orlcy, 



temporary, Raphael’s pupil, B(*rnard van Orlcy, 
the Italian influence liegins to filter through the 
local tradition, and in the case of the latter is to be 
detected in a more ample sense of design and a 
departure from the severe exactitude of the earlier 
masters. But what had been the result, in Italy, 
of centuries of slow development, could not be 
transplanted in its mature form to foreign soil, 
and became mere mannerism with the later 
Flemings, until a new era of superb artistry 
dawned with the advent of the great Rubens. 

Rubens. Rubens (a.d. 1577-1640), too, had 
druqk at the same source of Italian art, and his 
early work in particular evinces his love of 
Venetian colour, but he brought into his painting 
a strong, virile, and altogether personal tempera- 
ment that could never have been content with 
mannered imitation. A colourist of tremendous 
power, Rubens excelled above all in the painting 
of flesh, in which he stands unrivalled to this 
day. One may be repelled by the coarse, fleshy 
type of his women, but the mastery with whicii 
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he expressed with bold, sweeping strokes of 
luminous paint the roundness of form, the tex- 
ture of the skin, and the very blood coursing 
under the skin, iiresistibly compels one’s admira- 
tion. The passionate movement, the vigour 
and verve of nis work, seem to exclude the possi- 
bility of a deliberately calculated design, and 
yet the noble disposition of his figures, the effec- 
tive massing of light and shade are as scientific ” 
as the movement and sensuous colom are 
instinctive. Rubens was the most worldly of all 
painters, yet he could treat a religious subject with 
a reverent spirit [78]. Ho was equally great in 
portraiture, m genre, in landscape, and in animal 
painting But it should be remembered that 
in accordance with the custom of the period, he 
had a horde of assistants working under him, 
and many of the inferior pictures that pass under 
his name owe to him merely their conception, 
while the execution is entirely due to his pupils. 

Van Dyck. Much the same remark applies 
to the greatest of his pupils. Van Dyck (a.d. 
1599-1641), who, as Court painter to Charles L, 

exercised so potent 

an influence on 
English art that 
he may rightly Iw 
considered the real 
founder of the great 
English school of 
portraiture. Indeed, 
many of the paint- 
ings turned out 
from his studio at 
Blackfriars during 
his English period 
arc the work of his 
numerous assistants, 
save for the first 
sketch and the 
finishing touches. 
Van Dyck, too, 

“THE DELIVERANCE OF ST. PETER,” Ita^V^ 

BY TENIERS THE YOUNGER 

(From the Wallace Collection. London) wiicri, ukc ms 

master, Rubens, he 
fell under the spell of the Venetians. An accom- 
plished courtier and man of the world, he became 
the favourite of society in his native country, as 
in Genoa and in England His pictures arc a 
p(*rfect mirror of the English aristocracy of his 
day, reflecting their taste and distinction and 
effeminate elegance. As a colourist, he was more 
subtle and refined, if less vigorous, than Rubens, 
The coarser side of Rubens’s art attracted 
Jacob Jordaens, whose lack of refinement is 
scarcely atoned for by his great technical skill 
and good humour. Franz Snyders (a.d 1579-1657 ) 
was a brilliant animal painter, whilst Jan Fyt 
and Jan Weenix excelled in still life, generally 
of dead game. Melchior Hondekocter devoted 
himself almost exclusively to the bird life of the 
farmyard. All these masters were great 
colourists, and stand supreme, ea^ in the narrow 
range he imposed on his art. 

Growing Popularity of Art. The 
earliest Dutch painters, among whom Dierick 
Bouts and Lucas van Leyden are the most 
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promMAt, were almost completely dominated 
bjr the |seni«B of the Van Eycks and the other 
early EtemingB. In fact, m their early stages, 
the two schools can scarcely be consideied 
separately. Then came the Retormation and the 
War of Independence, which resulted, in 164d, in 
the final shaking off of the Spanish yoke. The 
long period of warfare and bloodshed was not 
favourable to extensive art production, but when 
Protestant Holland issued victorious, a great 
period of art commenced~~of art led into new 
channels, since Protestantism looked askance 
at religious painting, and preferred bare, white- 
washed walls in the churches to an imagery of 
glowing colour. On the other hand, a ckunand 
for art arose in the civic community. The weU- 
to-do citizens enlisted art for the adornment of 
their living rooms, and the subjects favourod 
were no longer, 
as may well be 
imagined, flagella- 
tions and cruci- 
fixions, and images 
of the Virgin and 
saints, but por- 
traits, landscapes, 
genre sc(*nes de- 
lating the daily 
life of the burghers 
and peasants, and, 
for the guild halls 
and other official 
buildings, large por- 
trait groups of pro- 
minent burghers. 

Pictures in the 
Dutch Home. 

Of idealism and 
ideology, tliere is 
little or nothing in 
Dutch art which 
is entirely based 
on love of nature 
and on the keen 
appreciation of the 
value of pigment. 

The rich quality of 
the paint, the sub- 
tlety with which 
the play of light 
and sha^ on ob- 
jects and textures 
18 observed — these were the ch«ef points that 
appealed to the Dutchmen. These little genre 
scenes — iatoriors of burghers’ housc^s, with ladies 
before a mirror, or occupied with books or 
musical instruments ; or tavern scenes de- 
picting the life of the humbler ('lasses — are 
never of anecdotal or literary character; they 
are just glimpses of real life stated in terms 
of ornamental craftsmanship. Of this nature 
are the precious gemlike pieces of Terburg, 
Vermeer van Deft, Metzuj Jan Steen, Mietis, 
Gerard Dow, and, in Flanders, of the Teniers, 
who had more in common with the Dutch “ small 
masters,” than with the Flemings. Fig. 79 is an 
example by the younger Teniers. 


FraM Hala. But the seventeenth cen- 
tury small masters were preocxled by a lew men 
who must rank among the very giants in the 
realm of painting. Rembrandt is one, and by 
no means the least brilliant, of the great triple 
constellation that stands out from the firmament 
of art, the compeer of Velasquez and Titian. 
Before him, Frans Hals (a.d. 1584-1666) hod 
achieved the greatest triumphs in bold, daring 
portrait painting. For sheer bravura and dashing 
brushwork and brilliant characterisation, Hals 
has probably never been equalled, and his largo 
”Doelen” groups at Haarlem arc an inex- 
haustible source of delight to all who can appre- 
ciate masterly brushwork. Thou, Van dor Heist 
(a.d. 1613-1670) may be taken as the most capable 
of the numerous serious portrait painters who 
recorded witli faultless conscientiousness m 
a somewhat tight 
manner the fea- 
tures of civic dig- 
nitaries and their 
buxom housewives. 

Rembrandt 
the Revealer. 
But with Rem- 
brandt (a.d. 1606- 
1669), all hardness, 
one might almost 
say all linear design, 
was aliandoned, and 
everything that thtj 
artist’s eye could 
see, or Ins brain 
conceive, expiessed 
in terms of siJt 
lights and shadows 
and golden, liquid 
half - sh ado WH. 
Everything is given 
plastic form through 
the play of light on 
the surfaces whuh 
are seen through 
the surrounding al- 
mosphoie |80J in 
his golden illumina- 
tion and forced (’on- 
trasts, Rembrandt 
is, perha|M, not al- 
ways strictly true 
to nature, but ho 
lias the power to make us feel that, if such 
(Xinditions of light were possible, faces and 
objects would appear just as he has set 
them down [see “Tlic Night Watch,” repro- 
duced on page 724]. Rembrandt is the anti- 
thesis to the Italians of th<' Ronaissanee, who 
were ever striving for beauty. With him 
character is everything, but the mastery of his 
brush and his sympathetic insight into the very 
soul of his Ritters give beauty even te subjects 
repellent in themselves. Apart from his paint- 
ings, Rembrandt’s etchings alone would entitle 
him to one of the most exalted positions among 
the world's great artists. As a master of tho 
burin he has never been approached. 
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and Exercises. Keyboard Study. Fingering 


By J. CUTHBERT HADDEN 


'TTffE harmonium, in common with several other 

* instruments, traces its origin to the invention 
— speaking more correctly, to the revival — of 
the free reed. The free reed is so ancient that 
they say it was employed for musical purposes 
in the time of Confucius. At any rate, its 
revival in Europe dates only from the begin- 
ing of the nineteenth century ; and the har- 
monium was the instrument in which it was 
most effectively revived. The sounds of the 
instrument are produced entirely by these reeds 
— thin tongues of metal set in motion by currents 
of air from the wind-chest : called reeds because 
they correspond in principle with the shepherd's 
pipe ; free reeds, because the tongue moves 
freely in the orifice of the frame, thus differing 
from those of the organ, which strike against the 
frame at each pulsation, and are termed beating 
reeds. 

The Youngest Keyboard Instru- 
ment. If we except the American organ, the 
harmonium is the youngest of all keyboard 
instrument/S. Though it had several tentative 
predecessors, it may be fairly said to have been 
invented and first brought out by M. Alexander 
Debain, of Paris, whose patent was dated August 
1840. Since then it has been successfully 
improved by various makers, mostly Erenoh, 
until, in the best specimens of its class, we have 
now an instrument of the utmost possible per- 
fection. Its capabilities are considerable. For 
accompanying voices, for church and domestic 
purposes, for solo work, for duet playing with 
other instruments, such as the piano, it is in- 
valuable. The variety of beautiful effects and 
the delicate shades of tone-colour which may be 
produced on a good and fairly large instrument 
not even the organ itself can exc€»l. 

By the use of the Expression stop, for example, 
the harmoniumist gains a power of increase and 
decrease of sound almost equal to that which the 
violoncello player secures by means of his bow. 
The harmonium is often regarded as a long- 
suffering, unpopular instrument. This is really 
because there arc so few who are capable of 
handling it to advantage. The pianist is 
supposed to be able to play it without any special 
study ; the organist, too, as a matter of course. 
Hero is the cardinal mistake. The harmonium 
must be studied by and for itself. 

The American Organ. It will be 
seen that we have bracketed the American 
organ with it. Rightly so, for the keyboards 
of both instruments are practically identical, 
and the method of playing both is entirely 
identical. It is only in Qieir internal con- 
struction and in the quality of tone produced 
that the two instruments differ. In the har- 
monium the wind is forced throvgh the reeds, 
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while in the American organ it is drawn in. It 
is this that accounts for the more delicate tone 
of the American organ as compared with that of 
the harmonium ; which instrument, however, 
has more character and greater distinctiveness, 
besides being more quickly responsive to the 
finger of the player. For solo purposes the 
American organ is of great use, the stops in the 
right hand being well suited for giving promi- 
nence to a mel(my, while in good instruments 
the left-hand side always furnishes one or more 
soft stops for accompaniment. About the tone, 
as a whole, there is a more general approximation 
to that of the church organ than in the case of 
the harmonium. It is therefore more peculiarly 
adapted for sacred music, and perhaps also for 
chamber or domestic use. 

But the harmonium has much more “ carry- 
ing” power, and is thus specially suitable for 
conditions to which the American organ cannot 
. be so well applied. As one of its advocates has 
put it: “Where a large number of voices are to 
be accompanied, or where power and marked 
delivery are called for, in church, concert, or 
school work, the harmonium, not to speak of its 
superior hardiness, possesses immense advan- 
tages over the American organ.” It is, then, the 
harmonium that we deal with specially in these 
lessons, which, however, so far as playing is 
concerned, are equally applicable to both 
instruments. When points of difference arise 
as regards the treatment of the individual instru- 
ments, they will be carefully explained. 

Buying an Instrument. Perhaps, 
before going further, a word or two should be 
said about the purchase of an instrument. Small 
harmoniums and American organs can be had 
for £5. Many (not all) of these are quite good 
enough for the learner’s purpose. Larger- 
priced instruments simply mean more stops ; 
which, again, mean on’y more variety of tone. 
To the learner, variety of tone is not essential — 
he does not know how to use it to advantage — 
and, if money is a consideration, he need not 
hesitatt* to buy an instrument at the price just 
named, provided it is by a maker of some 
standing. Naturally, we cannot advertise names 
here. We can only advise the student to go to 
a firm with a reputation for honourable dealing, 
state the price he is prepared to pay, and make 
his own selection from the instruments sub- 
mitted to him. Beware of “ bargain ” instru- 
ments advertised to be sold “ at a sacrifice.” 
Large firms have always a number of second- 
hand instruments for sale — instruments that have 
been out on hire or taken in exchange — and a 
capital instrument, a genuine ** bargain,” may 
often be got in this way for a comparatively 
small sum. Be sure, at any rate, that you 





leonre ah instraiiieiit with a tone that pleases 
y^ 3 la, A hanh, unnraaioal chest of reeds wul soon 
ds^SOst jovL^ besides having a deteriorating 
eff^t on your ear. Thus, on every ground, it 
is advisable to put ^urself in the hands of a 
trustwortl^ expert with a reputation to sustain. 

The iMchaniem. Now we are ready to 
give ovtt attention to such of the mechanism of 
the harmonium as it is expedient for the student 
to be acquainted with before beginning actual 
work at the keyboard. We have spoken of the 
reeds, termed now more generally vibrators. 
Well, to every digital on the keyboard there is a 
separate vibrator, and a harmonium must always 
have at least one full row of vibrators. Instru- 
ments with six and seven sets of vibrators are 
common ; those with eight or more often have 
two keylK)ards. We shall learn further about 
this when wc come to deal with the stops. 

The external mechanism may lie saicl to be 
represented bv the foot- pedals for blowing. By 
these the bellows are fed ; they force the air 
through the wind-trunk into the wind-clu^st, 
from whence (if the Expression stop is not drawn) 
it proceeds to the reservoir in an equal and con- 
tmuouB stream. When the Flxpression atop is 
drawn, all communication between the wind- 
chest and the reservoir is cut off, so that the air 
goes straight to the reeds. It is thus directly 
under the control of the player, whose least 
change of pressure upon the foot- pedals produces 
a like change m the strength of the sounds. It 
18 important that the student should note this, 
for the Expression stop (mon* will be said aliout 
it) is the most difficult piece of mechanism to 
manaj^) in the harmonium, and an ill-regulated 
use of it may easily damage the instrument. 

The Stops. Under *the head of mechanism 
we may fairly consider the various stops. We 
will take the harmonium alone here, for in this 
matter of stops the American organ differs. 
Makers, unfortunately, do not agree as to the 
nomenclature of every stop placed in their 
harmoniums. In most instruments, however, 
the first four stops on eac'h side will be found to 
correspond. They are as follow: 

Lbtt-uakd Side Rioht-h^nd Side 

© Cor Anglais © Flute 
© Bourdon © Clarinette or Clarionet 
© Clarion ® Fifre or Fife 
® Bassoon ® Hautbois or Oboe 

The numbers, you observe, are repeated on both 
sides. Why ? Because each stop goes only 
half way. Thus, if you draw a stop on the right- 
hand side without drawing anything on the left- 
hand side, you will get no sound below F at the 
middle of the keyboard. In reality, therefore, 
though you have on your instrument the eight 
stops enumerated above, you have only four 
separate kinds of sound. 

DlTiaioii Stops. It may be asked why one 
stop should not be made complete — to run from 
end to end of the keyboard T Thj reason is 
that it is not always necessary or desirable to 
have the same Und of tone In both treble and 
bass. For instance, a melody may be played 


on the Hautbois, and accompanied with the left 
hand on the Cor Anglais; or a tune may be 

brought out ** in the bass on the Bassoon, with 
a light right hand accompaniment on the JPfide. 
This will be better understood when we come 
to speak of the combination and individual 
tone qualities of the stops. 

In addition to the sounding stops enumerated 
above — and others found in largo instruments — 
there are usually six sto^ of a purely mochanioal 
nature. One is the Expression stop, already 
mentioned. Another is the Grand Jen, which 
brings out the full power of the instrument at 
once — in fact, all the stops. Then there is the 
Sourdine, assigned to the bass part of the Flute 
stop. It regulates a contrivance whereby a 
smaller quantity of wind is supplied to the reeds, 
thus mo^fying the strength of the tone. The 
Tremolo, again, alternately opens and closes the 
wind-chest, thus producing the effect from which 
it takes its name. Fimuly, there are the two 
Fortes — one for each side of the instrument — 
which simply increase the volume of sound by 
the opening of a sliding or revolving wooden 
shutter above the reed. Thus provided with 
mechanical stops, our original instrument, as 
above, mounts up to the imposing total of 
fourteen “ knobs.” 

A merican Organ Stopa. In the American 
organ one or two of the harmonium stop 
name's are repeated, but the names arc, as 
a rule, peculiar to the instrument itself. In 
the harmonium the arrangement and naming 
of the f.top8 are — as regards the first four 
on each side, at least— practically stereotyiwd. 
In the American organ, on the other hand, you 
can never be sure of what you have on any 
particular instrument till you examine it. The 
diversity is indeed so great , different makers using 
a nomenclature according to their own fancy, 
that any attempt at an ordered list of stops 
would be futile Generally spc'aking, however, 
the Melodia and the Diapason correspond to the 
Flute and the Cor Anglais of the harmonium ; 
the Flute and the Viola to the Fife and Clarwn. 
That is to say, the first two give the standard 
pitch, makuig therefore the “ nmndation ” tone, 
while the second two produce sounds an oc'tave 
higher than the written notes. A stop called 
Sub’bass, providing reeds of 16 ft. tone — an octave 
lower than the written note— to the lowest o(’tave 
of the instrument is frequently met with. • Take 
care in using it that all the notes of the bass arc 
confined witnin its range. 

With mechanical stops and accessories all 
good American organs are well supplu^d. Among 
the former are the two Fortes of the harmonium, 
but their use is restricted— the one on the right 
to the DiajXMon and Mtlodia stops ; that on the 
left to the Vwla and Fhde. The octave coupler 
couples every key with the reed an octave above 
or Mow ; in some instruments only above, in 
others only below. The Vox Humana, a leading 
feature of the instrument, controls a fan behind 
the soundboard ; the fan, being made to revolve 
rapidly by the pressure of wind, meets the waves 
of sound, and gives to them a pleasing vibrating 
quality much more delicate than that produced 
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by the Tremolo stop in the harmonium. Large the Expression stop and the stops marked (1) on 

instramentH have, in addition, a TremvkmJt, each side. Press down one of the digitals near 

Every instrument has at least one Knee SweU ; the middle of the keyboard, say E, and begin 

most instruments have two. That at the right blowing with the ri^t foot only. When the 

of the player opens the swell when pressed pedal has reached its limit, the sound will cease, 

towards the right ; that at the left is usually a A similar result will follow the use of the left 

full organ “ stop,” so that by pressing it to the pedal. Obviously, if a continuous sound is to 

left as far as it will go, all the speaking stops of be produced, one pedal must be depressed while 

the instrument, except the Voix Celeste, are made the other is rising. Here the learner will find 

to sound. Both swells return, when allowed, his chief difficulty. His primary efforts will 

by the force of a spring. almost certainly result in a series of jerky. 

Study of Keyboard. Now, after all spasmodic sounds ; and there is nothing for it 

this preliminary, we are ready to sit down at but to go on practising until the sound becomes 

the instrument. As we do so, let us look at the even. Get the one sound (the F) even first ; 

keyboard, BO that we may know where to find any then add the third above — namely, A — and be 

note as we may want it. sure that you have the same good, steady tone. 

Add next the fourth below the original 
F — ^namely, C — and listen carefully again. 
Finally, strike in with the octave below 
the starting note ; and if, with all four 
notes sounding together, you are able to 
command an even tone, you may go on 
mioolkc to practisc the following more elaborate 

In the case of the American organ, the keyboard exercise in blowing : 

compass is also five octaves, but the instrument 
usually begins and ends with F. Instruments 
are, however, made with what is called the 
“C compass.” In any case, the order of the 
notes is, of course, the same, the “ blacks ” being 
in groups of twos and throes alternately, with 
the ‘‘ whites ” between. If tho student does not 
already know the names of the keys, and cannot 
readily pick out any given note, he had better 
master that point at once. Here the keys are, of course, to bo pressed 

Position. All this time we have been down in tho order of the notes, the previous note 

sitting at the instrument. But something must always being retained when the other is added, 

be said about that very process. It seems a . Another chord, such as this, might be taken 
simple enough matter to get seated in front of a for the practice of crescendo and diminuendo : 




harmonium, but it really is not. Nothing is 
more important to the harmoniumist than 
efficient blowing ; and in order to secure it — to 
secure control over the bellows — a good position 
at tlie instrument is (jssential. If the chair is 
too high, the blow-pedals cannot be depressed 
the whole way, and tlie player will run, besides, 
the risk of sliding off the seat. Again, if the 
chair is too low, the entire underpart of the feet 
will be thrown on the pedals, with the toes 
pointing up towards tho knees. In this case 
you will find it difficult to exert any downward 
force upon the footboards, and will be gradually 
pushing your seat back. The chair, then, should 
be of a suitable height, and placed exactly in 
front of the middle of the keyboard. Keep 
the knees about an inch from the front of the 
case ; see that only the toes and ball of the foot 
are placed on the pedals — the heels being left 
free — and think of the act of pressing as forwards 
rather than downwards. 



When these exercises can be done satisfactorily 
the student may assure himself that ho has 
learnt to blow. One word of caution — beware 
of falling into the habit of blowing in time with 
the music. This is a serious, as well as a quite 
inexcusable, habit, for when the tempo is rapid 
the reeds will run the risk of being damaged 
by overblowing. Lastly in this connection, 
avoid all kinds of mannerisms at the keyboard. 
Try also to keep the body perfectly steady, 
without any swaying from side to side or 
backward and forward. 


Practice. In proceeding now to direct 
the practical studies of the pupil, it is necessary 
to mention at once certain books of exercises 


The Blowing. Blowing is supposed to be 
quite an easy performance. It is by no means 
easy — that is, to blow so that a steady, continu- 
ous lone shall be produced. The student ought 
certainly to learn to blow first, before taking up 
keyboard work ; and if he follows this advice 
he may as well learn to blow at once with the 
Expression stop, and thus overcome two dffiS- 
oulties at the same time. Let him draw, then, 


for his use. It is, of course, assumed that no 
pupil starts without knowing something of the 
theory of music, and without being able to 
“ read ” with fair facility from the stave. 
More than that we do not ask. Nevertheless, 
the writer of these lessons must recognise the 
fact* that many who can already play the piano 
want to take up the study of the imrmonium or 
American organ. 
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Obviously, for such students, the course must 
be somewhat different from that to be laid down 
for the pupil who cannot play any keyboard 
instrument at aU, The one will have to learn 
everything from the beginning ; the other will 
only have to learn to blow, to practise a new 
style of fingering, perhaps to exercise himself 
a little more in reading four-part harmony, 
and generally to adapt himself to the peculiar 
conditions of the harmonium as an instrument 
of sustained sounds. 

For the student who can already play the 

S iano, we recommend Mr. King Hall’s “ The 
[armonium,” in Novello's series of music 
primers. For the student beginning from the 
loginning — and he will receive, of course, our 
chief attention — especially the student who aims 
at the practice and rendering of church music, 
there is no better book than “ The Harmony 
Player for the Harmonium,” edited by John 
Curweii. fSet^ note re exercises on page 3860.] 
This work is also easily adaptable to the Ameri- 
can organ, but if the student of that instrument 
can play a little already, he will probably prefer 
Or. Stainer’s “ Tutor for the American Organ,” 
published by Messrs. Metzler. Direct reference 
to all these works will be made in the course 
of our lessons. Lot it be added that each in some 
way supplements the other, so that the individual 
student, beginner or not, will find the interest 
of his work greatly in<*reased by having all 
three at hand. 

Phrase Fingering. We will imagine, then, 
the beginner sitting down to a practical study 
of the ” Harmony Player.’* He must first 
understand something of the plan of the book. 
It has two essential features : (1) a new art of 
fingering (now so far as reducing it to a system 
is concerned) ; and (2) a study of the chords 
more commonly met with concurrently with their 
production by the fingers. Of late years an 
improved fingering has come into use in which 
the player looks forward and studies the range 
and other peculiarities of the harmonic phrase 
before him, and adapts his fingering to its 
ne(‘ds. Experience shows that this plan is 
much superior to the elaborate sysU^m of Mcal<» 
fingering once so much in vogue ; a system 
which, as a matter of fact, is totally foreign to 
the character of the music generally played by 
the harmoniumist. ” Phrase fingering,” then, 
as it has been appropriately termed, is the 
first essential feature of the “ Harmony Player.” 

The second feature touches the fringes of 
theory in such a way as to make practice both 
easier and more interesting. An intelligent 
knowledge of chords and chord progressions which 
have to be played helps the fingers in a way 
which those who are entirely ignorant of harmony 
would scarcely believe. It helps the eye, too, 
in reading the notation, for certain harmonic 
combinations are so fixed in their progressions 
that the player can often dispense with a visual 
following out of the individual parts on the staves. 

Finger Exercise. We now want to get 
the hands a little into shape, and for that purpose 
select the following five-finger exercise, it looks 
absurdly simple, but remember that it is the 


“ carriage ” of the hand and the correct placing 
of the fingers upon the keys with which wo are 
concerned just now. It will bo understood tJiat 
the upper line of fingering is for the riglit hand, 
the lower for the left, and that the x signifies 
the thumb. The loft hand will, of course, be 
played an octave lower than written. 


4 



Let UH take the right hand first. Look at the 
plates in the ” Harmony Player,” and copy the 
|)ositionB there shown. The thumb being placed 
above C, notice that all the fingers arc exactly 
aliove the keys which they arc to depress. 
When not actually in use, there is a tendency to 
let the thumb hang off the finger-board. It 
should be kept persistently to its place, about 
half an inch on the digitals, otherwise, when it 
has to be used, there will be an awkward shifting 
forward of the whole hand. At the moment of 
striking the note D, the thumb must be raised 
and the second finger licld in readino.ss for the 
note E. Each finger will thus, in turn, epme to 
be ust‘d when we reach G, and the exercise should 
be repeated again and again, until the hand has 
assumed its proper position and the player fiiols 
that position to lie natural and easy. Bo careful 
to get an exact “ touch ” — that is, to strike the 
notes in a prompt and decisive manner, giving to 
each note its due length and nothing mori* or less. 
There must bo no ” blurring ” of one note into 
anothiT ; nor, on the other hand, must there be 
the least perceptible break b(‘twccn the sound 
of one note and another. Practise the two hauda 
separately, aud w^hen each has gained its own 
facility, let them be combined, (’oniinue this 
exercise till the fingers move like automations. 
Then transpose it into tht* key of G, and repeat 
the jirocesH. You may also try the keys of 1) 
and F, remembering that the third note of tlu* 
former will be Fjt, and the fourth note of the 
latUir Bt>. There may he at first a slight 
difficulty in placing the fingers evenly and firml 3 ' 
on the black digitals ; but that, too, is a thing to 
be mastered by persistent practici*. 

WJien you have so far exhausted this pre 
liininary exorcise, take the following five-firig»T 
exercise, practising first the right hand, then the 
left, and finally both hands together. Never 
attempt to < ombine the two hands until each 
can do its owm part easily. 



Strengthening the Flngera. This exer- 
cise will bo found valuable for strengthening 
the fingers. Some hands will require to practise 
it more than others. It all depends upon whai 
one’s hands have had to do in the business of life 
But do not get disheartened if the muscles are 
stiff. It is only a question of time and practice 
This second exercise may, if persevered in, cause* 
at first a little pain, but that must be borne. Do 
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not poi*8ist, however, in giving the hands more 
than they can do at any one time ; rather allow 
tliem rest, and resume after a certain interval. 
Finger exercises are of the utmost value, and 
cannot be dispensed with by anyone who 
desires to become even a tolerable player. 
Merely practising the difficult passages which 
occur in elassicm compositions is not of itself 
sufficient ; and, indeed, without a previous 
course of finger-training such passages will 
often be found impossible cH execution. When 
you have practised the above exercise for some 
time in the key of C, as written, transpose it into 
the keys of O, D, A, E and F, still preserving the 
same fingering as in the example. This will 
assist further in the “ handling ” of the black keys. 

Playing Separate Parts. You will 
have now gained a certain independent action 
of the hands, and will be ready to play 
KC'parate parts in each. For this purpose, 
turn to the “ Harmony Player,” and look at 
Ex. 8. You will see that the left hand has 
here a part of its own, consisting of the notes 
C and G, used alternately. Observe that in the 
second, fourth, tenth, and twelfth bars, two 
notes are played in the left hand while one is 
hc'ld on in the right. The fingering is not 
marked beyond the first bar, but, of course, as 
the compass is only to G (five notes), in both 
hands, the five fingers occupy their original 
places. Ex. 10 is of a similar nature in key 
G. The left-hand part is, in fact, exactly the 
same as in Ex. 8, and the right-hand part has 
been given already in Ex. 9, which should 
be played over several times previously. Ex. 12 
is a further development of the separate 
action of the hands, a peculiar feature being 
four notes in the left hand against one note 
in tlie right. Notice that toward the end the 
left -hand part rises diatonically from (Uo (jI, while 
the right-liand part also moves. This is the first 
example of the kind, and will require careful 
practice. Do not leave this exercise until you 
can play it with fret*dom without looking at 
your hands. Then take the exercises as they 
follow in order, noting that in Ex. 16 the bass 
again rises a fifth by diatonic progression. 

Exercises 17 and 18 will require careful study 
in the separate parts before combination is 
attempted. The diffieulty arises from the hands 
being Kept at a greater custance than they have 
been accustomed to in the previous exercises. 
In Ex. 19 note that the right hand has two beats 
of a rest while the left plays B and A. Be 
careful to lift the first finger of the right hand at 
the moment the A has received its due portion 
of time. In Ex. 20 the same rest occurs in the 
treble part, which latter moves in a form known 
as sequence — that is, one phrase following the 
other on a definite plan at a higher or lower 
degree. Exercises 21 and 22 should be well 
practised ; they are for strengthening the third 
finger, which, being the least used in ordinary life, 
and also for a physical reason, is the weakest of 
the fingers. Schumann invented a little machine 
for '' bringing it right,” as he vainly supposed, and 
many players used to have its stiffening tendon 
cut. Better to get even with it by ordinary 
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finger exercise, persistently and systematically 
pursued. 

New Keys. We are now supposed to have 
carefully worked through the first stop of the 
“ Harmony Player.” In this step the exercises 
have been miUen in only two keys — C and G, 
and there have never been more than two parts. 
The second step brings forward the keys of F, D, 
and B!>, and the exercises are in three parts. 
The first two (25 and 26) present the new diffi- 
culty in the most elementary way — that is, with 
a considerable use of holding notes. Notice that 
at the end of the first section of Ex. 25 the right 
hand has a rest of two beats, while the feft 
completes the bar. Be careful to have the 
second finger exactly above the E which begins 
the moving tenor at the beginning of the second 
section. Ex. 26 calls for no remark, unless to 
warn the player against leaving the G in the 
tenor part at. the end of the first section. Hold 
it down firmly while the bass ploys F, E, D, C, 
being ready at the moment the latter comes in 
with the E in the treble part. 

The next exercise is entirely for strengthening 
the fingers and adapting them to the neat 
execution of passages running in thirds in the 
same hand. It will show the learner more than 
anything he has yet tried how weak and stiff 
is the left hand compared with the right. That 
is only natural, of course, since in everyday life 
we give the left hand so little to do. To the 
player, however, both hands are of equal im- 
portance, and no trou\)le ought to be spared to 
make the left as supple and obedient as the 
right. This exercise will do something towards 
that end. Practise with the right hand first, being 
careful to press down both notes exactly at the 
same time. This even production of the two 
sounds and ultimate facility of execution at a 
rapid pace are the chief ends to be kept in view^ 
in working up the exercise. When the right 
hand begins to feel uneasy, take the left, trans- 
posing the exercise an octave lower. Presently 
the hands may be combined, and the exercise 
should be returned to daily for a considerable 
time. Do not over- fatigue the hands ; stop 
immediately the slightest pain begins to be 
felt. If the student has a piano at hand he 
will find material benefit by alternating this 
exercise between the Uvo kt'yboards. 

Fingering. Now look at Ex. 28. We 
have here a real “ tune,” a well-known single 
chant of Tallis. Glancing at the right-hand 
parts, you will see at once that the compass is a 
fourth — from FiJ to B— and can therefore be 
covered by the four fingers. Always remember 
that if a passage does not extend beyond five 
notes, the five fingers, or as many as may bo 
required, should be used in their natural position, 
one for each note. Placing, then, the fourth 
finger on the highest note, the first finger will 
fall upon FJ, and there will lie no use for the 
thumb. From this exercise w^e deduce a rule 
which should bo kept constantly in mind — 
Never use the thumb on a black digital unneces- 
sarily. If we had placed the third finger on the 
B in the melody, the thumb would have been 
thrown on the ^ JT, which ivould have caused an 
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awkward shifting forward of the hand not 
justified by the necessity. 

Ex. 29 IS so simple as to call for no remark. 
Exercises 30 and 31 present the first examples in 
the key of D. In the case of the first, the second 
finger of the right hand is placed on D to avoid 
having the thumb on Cjf. Be particular to 
restrike the D in the second bar, otherwise it will 
sound as Iwing the alto note in the former bar 
held on. In Ex. 31 a little discomfort may at 
first be felt from the hands being brought so 
near each other, and by the left having two 
moving parts of its own. After good practice 
with the hands separately, the discomfort will 
vanish. Ex. 32 is in six-pulse measure, and is 
played properly by counting two in the bar. 
In consideration of this novelty, the technical 
side of the exercise has been kept simple. The 
following exercise introduces the key of B*’, 
in which two black digitals have again to be 
dealt with. Keeping in mind the rule about the 
unnecessary use of the thumb on a black key, 
the player will place the first finger on B^, the 
fourth finger will take and the thumb 
the A. The left-hand part being only a fifth 
in compass, will be played by the hand in its 
natural position. Keep the right hand well 
forward on the keyboard, otherwise when you 
come to use the short fourth finger on the 
an uncomfortable forward movement of the 
hand will be necessitated. 

Ex. 34 has two parts in the left hand against 
oni* in the right. The compass of tlio latter, you 
will observe, is a fifth — C to G — and is covered, 
therefore, as before, by the fingers in original 
position. In the left hand see that the tenor 
moves neatly and exactly with the treble in 
the third bar. The upward progression of the 
left-hand part here, while the melody is stationary, 
has a pleasing effect, and should be artistically 
done Ex. 35 will be found very valuable for 
further strenglhening the intractable third 
finger of the right hand, which is held firmly 
on the k(^y while the first and second fingers mov(*. 
One would think it very easy to keep a finger 
pressed down on a certain key while the other 
fingers shift about, but learners often find that 
the finger has left its key and wandered some way 
out of its place. The moving part of the left 
hand in Ex. 35 is given to the right hand in Ex. 30 
and an under part added. There is no particular 
difficulty here, though some hands find and 
C in the lower part a little awkward at first. 
Finally, to end this step, we have the moving 
parts, of Exercises 35 and 36 '' varied,'’ first in the 
left hand and then in the right. 

Four-part Score. We are now face to 
face with a harmony of four parts, the player 
having been led so far, first by a course of 
exercises in two parts, and then by a course 
in three parts. This reading in parts admittedly 
proves a difficulty with learners, and before going 
further it will be well to give some advice with 
regard to it, and reading at sight generally. 

To avoid the inconvenience which would be 
experienced in reading from vocal score, only 
two staves are used, on the upper of which are 
written the treble and alto parts, on the lower 


the tenor and bass. For the sake of distinction 
the stems of the notes of the higher part on both 
staves are turned upwards, those of the lower 
part downwards. When two parts come into 
unison — that is, have the same note — the fact is 
expressed by writing the note with a single head 
and two stems ; or if the note as used in the one 
I>art is of longer duration than the note as it 
occurs in the other, and if the difference between 
the two lengths is one which cannot be expressed 
by the stems only, the note is written twice, 
once for each part, and the two notes, which are 
placed beside each other, an* written as one. This 
will bo scon in the second bar of the following 
example, wrhere a single head with two stems 
would not have sufficed, as it would then have 
been imjiossible to toll whether a crotchet or a 
minim were intended ; 



Occasionally a note which is sustained in one 
part is required to be used a second time as a note 
of the other ])art before it has properly come to an 
end. In that case the key must bo pressed down 
again where required in the second part, and 
this repeated note is then held for the n^mainder 
of the value of the original sustained note. 


Written 



The correct rendering of many hymn tunes and 
pi<*C(»s often requir(‘s an inner jiart to be divided 
lietween the two hands, and it will frequently 
be found that neither of the hands is able to rea^’h 
some note in the tenor or alto part as written. 

In the latter case it will do no harm to trans- 
pose the inaccessible note to the octave above or 
iielow, provided always that when so transposed 
it does not become higher than the melody or 
lower than the bass. For instance, at (a) of 
the following illustration it would be impossible 
to play the tenor part as written : 



But when it has been raised an octave, as at 
(h), the fingers meet with no inconvenience, and 
the chord is then made complete. Theoretically, 
this method of bridging over the difficulty is 
incorrect, but it is the only one available. 

Continued 


3955 




Group 23 

NATURAL 

HISTORY 

28 

JMiOl (K»V 
c*oiitlriu«l frutn 
pa«i ‘MK* 


THE INTEREST IN A WORM 

The Various Groups of Worms. Their Characteristics and Structure. How the 
Earthworm helps the Farmer. Worms and Pearls. An Industry Saved by Science 


By Professor J. R. AINSWORTH DAVIS 


CEVERAL groups of the lower animals arc 
collectively known as W orms ( Vfrmeii)^ a word 
which has a certain convenience, but is decidedly 
unscientific, for most of these groups arc but 
remotely related. The more important of them 
are: (1) Ringed Worms (Annelids ) ; (2) Whccl- 
animalcules (Rotifers ) ; (3) Siphon-worms (Ge- 
pliyrea) ; (4) Moss-polypes ; (5) Lamp- 

shdls (Brachiopoda ) ; (fi) Round-worms (Ne» 
mathelwia ) ; (7) Flat- worms (Plafyhelmia) ; 

(8) Nemertine Worms (Neinertea). 

Riitg(*d worms arc elongated creatures in 
which the body is made up of a consid<*rable 
number of rings or segments, most of w'hich 
ai*(‘, on the whole, much alike. There is often 
a wdl-marked head, but no distinct thorax 
and abdomen, as in an insect or crayfish. Two 
sulKli visions are recognised: (a) Bristle- wwms 
(Chaeiopods)^ and (h) Leeches (Discophmi), 

Worma of the Sea* Bristle- worms include 
a host of marine worms, together with somt' 
that live in fresh water, and also the earthworms. 
TJieir average characters are best understood by 
(‘xamining one of the common^'st shoro-worm &4 
known as the sea eimtipede (Nereis) L520]. 
Here the segments are v<'ry clearly seen, and 
almost every one of them bears a pair of un- 
jointed conical foot-stumps^ 
used for crawling. The remote 
ancestors of the jointed- limbed 
animals were no doubt some- 
what similar, but in the course 
of ages their segments have 
liecome fewer in number and 
more specialised, A>hile the 
foot -stumps have e\oIved into 
jointed limbs. 

Imbedded in the foot -stumps 
of the sea centipede are bundles 
of strong bristles, which give a 
hold on the underlying sur- 
ta'^’c, and prevent slipping. 

'Phe head region is fairly dis- 
tinct 1 616], and bears a number 
of feelers of various kinds as 
W(‘ll as four simple eyes. Sea 
centipedes and many of their 
allies are highly carnivorous, 
and seize their prey by means 617. lu<i -worms 
of a pair of horny jaws, which „ ^ 

can be protruded at will [616 C]. * * ‘ 

When this is done the muscular first part of 
the digestive tulie (pharj/nx) is pushed out 
through the mouth. 

Some of the shore-w^orms have become 
broad and flattened to enable them to live 
conveniently under stones and in similar cramped 
places, as in the so-called sea-mice [618]. Hero 
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it will be seen that many of the bristles are 
long and sharp, serving as an excellent means 
of defence. In one kind of sea-mouse (Aphrodite) 
they are beautifully iridescent. On the upper 
Side of the body are a series of scales [518] 
which serve for breathing purposes. 

Some of the marine bristle-worms have taken 
to a swimming life, and in these the foot-stumps 
have been broadened out into serviceable 
paddles. Their bodies are transparent. 

A Worm that Lives In a Tube. 
The bristle-worms so far mentioned move 
actively about, but some 
have taken to a com- 
}>aratively sluggish bur- 
rowing life, as in tho 
case* of th(‘ lug-worm 
(Arenicola) [617], greatly 
B esteemed as bait, which 
swallows sand or mud 
tor the sake of the 
516. HEAD OF A SEA *'»tntiou8 matter con- 
OENTIFEDB tamed therein. Foot - 
«. FfcUr. 6. E}C» c. .Ta«6 "tiijupw »nd foelws arc 
reduced, for they would 
only be in th(^ way, but beautiful feathery gills 
have been developtd. One of the specimens 
figun*d is abnormal, for another individual is 
growing out of it, like the branch of a tree. 

A sticky fluid oozes from the skin of a lug- 
wwm anci glues tin* surrounding mud or sand 
together into a sort of ill-ck'fined temporary 
tube. Many bristle-w orms, however, have taken 
to a purely fixed or sedentary habit, and these 
construct firm tubes of various kinds and 
shapes. They may be of horny texture, built 
of sand-grains and the like, or else calcareous. 
A w'orm which lives in a limy tube is figured 
here [621] extracted from its dwelling. TIk* 
foot-stumps are greatly reduced, but some of 
the head-feelers have been converted into 
elegant branching plumes. Thest' are beset 
w ith microscopic threads of living matter (cilia), 
which by their constant movement set up 
cun’cnts of water. The plumes themselves 
serve as breathing organs, and the currents 
they originate bring all sorts of small organisms 
and nutritious particles to the mouth of the 
worm. B(‘low^ the jilumes is a sort of collar, 
w Inch is concerned w ith the making of the tube. 

The sinuous calcareous homes of one of 
our commonest native tube-worms (Serpula) 
are often to be seen upon stones and shells 
[622]. Whim fully extended the single head- 
plume IS a most beautiful object on account 
of its elegant shape and bright colour. 
On the least alarm the worm retreats into 
its home in the twinkling of an eye. the 
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518. SEA-MOUSB 

a Loworside 
6. Upper aide 


opening of the tube Uung closed by a conical ticular leooli is a I 

stopper, formed by modification of a head- mouth is situated 

feeler. The little spiral dwelling of another sucker, which serv 
common type (Spirorbis) is especially abun- victim. Three saw 

dant on brown seaweed, and here the conical into play, a three-r 

front-door is hollowed out to serve as a fluid poured out w\ 

brood-pouch, within which th? eggs pass clotting. Digestior 
through the early stages of their develofjment. stored in a large ere 

The Farmer's Friends. 

Earthworms [619] are profoundly 
modified in adaptation to the bur- 
rowing habit. The pointed head- 
end (one can scarcely speak of a 
head) is devoid of feelers and eyes, 
and the foot -stumps are only re- 
pnwented by rows of bristles, 
which can Ixs felt if the finger be 
passed along the body from back 
to front. There are no jaws, but 
the muscular first part of the 
digestive tube (pharynx) acts as 
a kind of pump for taking in food. 

This consists of fragments of « & lyj) 

plants or even 

of animals, but 
mostly of earth. 

Th(‘ worm possesses 
a strong gizzard, 
containing small 
stones as in a bird, 
and making up for 
the alisence of jaws. 

As Darwin long 
since demon- 
strated, the earth- 
worm is one of 
the farmer’s best 
friends. Its bur- 
rows drain and 
aerate the soil ; 
wliile the earth 
which has passed 
‘ through its body is ^ ^ 

finely divided, and 519 . earthworm 620. sea 621. tube-wo] 
constantly lieing a. l.owei Hide centipede tube 

brought to the * Upper aide 

surface from lower levels. 

Not far from the front 
end of an earthworm a 
thickening will be seen [ 619], 
often erroneously supposed 
to bo the result of injury. 

From it exudes a fluid which 
hardens into the egg-caso.s. 

Leeches. Leeches live in 
the sea, fresh wattT, or even 
in damp tropical forests. 622. tubes of serfula on mussel rhell 
Their characters will be (Photographs by Prof. B. H. Bentley) 

understood by examining a 

medicinal leech [623], which is one of the one remarkable ca' 

freshwater types. The flattened body is trans- of pellets of mud 

versely divided by grooves into a numlier of cemented together f 

narrow parts, several of which go to make up into shape within 

a segment. Foot-stumps and bristles are special cement-glam 

entirely absent, and progression is eflected by Siphon»womi 
means of suckers, one at each end. They effect worms are distantly 

a looping movement, but the animal can also distinct segments 1 

swim by undulations of its body. This par- there are no foot-e 
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ticular leooli is a blood-sucking parasite. The 
mouth is situated in the middle of the front 
sucker, which serves to fix the animal to its 
victim. Three saw-edged jaw's are then brought 
into play, a three-rayed cut being made, and a 
fluid poured out w’hich prevents the blood from 
clotting. Digestion is slow', and the food is 
stored in a large crop, drawn out into numerous 
pairs of pouches. The head })os- 
sesses eye-spots, but no feelers. 

“ Wheel - animals." The 
minuter transparent creatures 
knowm as whefl-nnnrialntles 
abound everyw^here, provided 
there is a httU* moisture for 
them to swim about in. They 
may Ix^ kept in a dri(‘d condition 
for years, resuming their vitality 
when plactxl in w'ator. Some of 
tlieir leading characters may bo 
gathered from the illustration 
given of a common freshw'ater 
b lyi>t'L5251. The body is not divided 

into segments, 
though the (*x- 
lemal membrane 
(cuticle) is trans- 
versely grooved, 
especially in the 
mobile “foot.” 
which is provided 
with a pair of j)in- 
cers at its end, and 
H(*rvoH as a creep- 
ing organ. 

At the front end 
of tlie body is a 
ciliated disc, or 
” wheel organ,” the 
latter name being 
derived from tin* 
fact that the cilia 
move in regular 
621. TUBE- WORM AND HUPcession, and 
. tube impres- 

sion of a rotating 
wheel. is, of course, 

only an optical illusion. 
These movements enable tin* 
animal to swim, and also set 
up currents which bring 
food particl(‘s (minute organ- 
isms, etc.) to the mouth. 
These are ground up in a sort 
of gizzard, into which tooth- 
like structures project. 

A ON MUSSEL RHELL Some of the whecl-animal- 
1. B. H. Bentley) culcs arc sedentary, and con- 
struct t u bular dwellings. I n 
one remarkable case (Melicerfa) tlieso are madi^ 
of pellets of mud, or other foreign mattcT, 
cemented together [624]. I)ach |)ollet is moulded 
into shape within a little cup, and there is a 
special cement-gland. 

Siphon»wormA in the Sand. Siphon- 
worms are distantly related to bristle-worms, but 
distinct segments are not to be made out, and 
there are no foot-stumps, though a few bristles 
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are sometimes present. The common siphon- 
worm, Sipunculus [627 A], burrows in sand, which 
it swallows, after the fashion of an earthworm. 

A more remarkable form is 
Bonellia, of which the female 
is figured [627 B] ; the male 
is minute and degenerate. 

The animal lurks with its 
rounded body securely en- 
sconced in some rock cranny, 
while its long forked probos- 
cis is extended to a relatively 
enormous distance in search 
of food. This is conducted 
along a groove to the mouth. 

Many Bodies in One. 

Moss-polypes are the first 
example we have met of ^ 
cohnial animals, in which a snekera c. Front sucker^ 
number of individuals (poly- "ith mouth <f. The same, 
pes) are aggregated together, tlnee jaws jaw with 
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Front, and h. IWfk 


624. MELICERTA 
. Ciliated disc 


their bodies being actually toothed ed^c 
continuous. There is a homy 
(or sometimes calcareous) ex- 
ternal skeleton, with a series 
of little cups for the reception 
of the polypes. The colony 
is formed by the budding of 
an original individual, and a 
more or less plant-like appear- 
ance is typical. A common 
freshwater type (Plumatella) 
is figured [623], from which it 
will be seen that each polype 
possesses a crown of feelers. 

Tliese are ciliated, and servo 
as breathing organs, also 
setting up currents of water 
which bring food. 

One of the best known wheel- animalcule 
marine kinds is the sea-mat Ciliated disc 

{FliUftra) [583], which looks Brain e. Cavity of 
very much like a flat sea- /• <3izzar(i 523 . tongue-shell quiescent or encysted con- 

Upon this particular in burrow dition. Should a human being 



through which the short stalk projects. This 
serves to fix the lamp-shell to some firm object. 
Round-worms : A Danger in Food. 

These are unsegmented worms 
of cylindrical shape, pointed 
at either end. Most of them 
are internal parasites, which 
give rise to serious or even 
fatal disease. An example 
of one of the larger forms 
(Ascaris) is figured [632], the 
sharply bent tail showing it 
to be a male specimen. Well- 
known species of the genus 
infest the horse and human 
beings. Another obnoxious 
round-worm {Dochmitis) at- 
tacks the lining of the small 
b. Foeier f Ccnicnt intestine in man, and causes 
Miaiid rf. Ciliated (Mip .t ’» 

and pellet f. FinJ> miner s antcmia. 

oveiiiangiujr Banit' The female of the Guinea- 
/. Dwcilini? of jiciicts worm (Filaria medinensis) 
lives under the human skin 
in tropical Africa, setting 
up abscesses. Its slender 
body is two feet in length or 
evt»n more. A minute related 
species swarms in the blood 
of human beings in tropical 
regions, but is only to be 
found there at night. The 
round-worm, however, which 
is most dangerous to man is 
a form known as Trichina, 
which is under one-twelfth of 
an inch long. It infests the 
rat , and if this should be eaten 
by the pig, as it often is, the 
young worms bore into the 
walls of the stomach, and are 
carried in the blood to the 
muscles, where they pass into 



wood. 

specimen tufts of another species 
ore growing. 

Lamp-shells. These worms 
are often mistaken for molluscs, us 
they possess a bivalve shell, 
the valves of which, how- 
ever, are upper and lower, 
not right and left, as in a 
mussel or cockle. In the 
tongue-shell (Lingula) [526], 
the shell is homy, and the 
animal lives in a burrow in 
the sand. Between the two 
halves of the shell a fleshy 
stalk passes out, and this 
can be contracted [526 O'] 
so as to draw the animal 
down out of danger. Pro- 
jwting from the sides of the mouth arc two 
ciliated fringed “ arms,” which play the same 
part as the crown of feelers in a moss-polype. 
In lamp-shells [629-530], the valves are trans- 
parent, and calcareous. The lower one is much 
larger than the other, and is pierced by a hole 
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627. SIPHON- WORMS 
a. Sipunculus B. Bonellia 
m. Mouth 


IN BURROW 

a. openinj^: of burrow eat insufficiently-cooked pork 

J? 8 h?telrfromfl.UMc coining the young wor^, 
d Stalk (The arrows ^hey become mature m the 
Bhf»w the direction of stomach, producing countless 

rents) pggg ^ 

female), the embryos 
hatched from which 
make their way into the 
muscles, and become en- 
cysted. Serious illness, 
and not infrequently 
death, result from the 
disturbance thus set up, 
tor though the parasites 
are very small, as many 
as 40,0(j0,(X)0 may be pre- 
sent in the same victim. 

Flat-worms. These 
arc unsegmented forms 
in which the body is 
generally flattened from 
above downwards. Very 
many of them are parasites with a complicated 
life-history. There are three groups of these 


528. plumatella 

A. Colony B. Polypes 


creatures, (1) Planarian Worms (Turhellaria)^ 
(2) Flukes (TrenuUoda), (3) Tai)eworm8 (Geatoda). 
Planarian worms abound both in salt and 
fresh water, and some of thorn are ev’cn 
found upon damp earth. Their skin 
is soft, and elosely beset with cilia, 
by means of which they are able to 
glide along in a characteristic way. 

Planarians are highly carnivorous in 
habit and possess a long muscular 
pharynx, which can be protruded from 
the mouth in search of pr®y [636]. 

A Sheep Parasite. The fulce 
group is closely allied to the last 
one, but the animals included in it 
have become greatly specialised in 
relation to the parasitic habit. The 
covering of cilia has been lost, while 
suckers and other organs of attach- 
ment have been developed i 

We may conveniently take as an j 
c’xamplc the liver fluke (Diatoma hepa- 
ticum), the cause of the disease 629. lamp 

known as “ liver-rot ” in sheep. 

[See Agriculture, page 2625.] 

The adult parasite, which 
attacks the liver of the sheep, 
is leaf-shaped [537], and an inch. 
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life-history is complex. The chances of survival 
in a given case are so small that if it were 
not so they w^ould soon become extinct. 

The eggs of the fluke ultimately pass out of the 
lK)dy of the sheep, and if this take place 
on damp ground in the vicinity of 
water, they have a chance of developing 
further. Low-lying pastures liable to 
be flood(*d offer particularly favourable 
conditions. A minute ciliated embryo 
hatches out from the eggs [587 B] and 
swims actively about in search of a small 
species of w'ater snail {Limna‘ua trvn- 
caiulua), soon jicrishing if unsuccessful. 

The ciliated embryo bores into the 
lung chamber of the snail and becomes 
an irregular germ-bag [687 D]. Within 
this th(‘ next stage or redia is developed, 
which makes its way to the snail’s liver 
and feeds upon it. During the summer 
several generations of rodia» arise, one 
within the other, by a process of internal 
SHELLS budding. Later on in the season the 

next stage {cercaria) is similarly 

formed within the bodies of the 
last generation of n^dioe. It re- 
semblt« a minute tadpole in shape 
[637 F], and mak(‘s its way out of 
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682. MALE ROUND -WORM 
(Sex ib shown by thu curly tail) 


or rather more, in length. 

The mouth is in the 
middle of a sucker, and 
situated on the end of a 
conical projection. A 
second sucker is present 
on the under-sidc of the 
body, far forward. The 
food consists of blood, 
and disintegrated liver- 
substance, taken in by 
the action of a pharynx 
that serves as a suction 
pump, and passed on into 
the numerous branches 
of the forked intestine. 533 

Very large of (Fhotograpta by 

e^ are produced, as 
vml be realised from the fact that the gall bladder 
of a sheep infested by about 200 flukes contained 
something like 7,400,000. Parasites of all kind^ 
are notoriously fertile, especially when their 


583. SEA-MAT 

(Pliotographs by Prof. B. H. Bentley) 


the snail, swimming to 
the stem ot some water- 
plant, losing its tail, and 
passing into a quiescent 
or encysted stage, in 
which it is surrounded 
by a limy covering. If 
a sheep crops some herb- 
age* to which the* cysts eire^ 
attached, theii limy coats 
will dissolve in the 
stomach, and the young 
flukes thus liberated pass 
on into the intestine and 
make their way up the 
bile duet to the liver. 

t" B. H. Bentley) Tapeworm.. All 

the tapeworms are m- 
t<emal parasites, and the characters of some of 
the more simple among them show that these 
(*reatures have descended from fluke-like ancestors 
by still further modifloation. Digestive organs, 
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in the ordinary Rcnse, are entirely absent, for 
these creatures live surrounded by nutritious food 
in the liquid form, consisting cither of the digested 
food or the blood, etc., of their hosts. This is 
absorbed through the soft covering of the body. 

One of the best-known members of the group 
is the common tapeworm {Tcpnia solium), 
which lives, when adult, in the intestine.of human 
beings [531 and 5S6]. At the front end is a 
minute “ head ” which holds on by hooks and 
suckers to the 
lining of the 
intestine. Be 
hind this are 
very n u m e - 
rolls flattened 
joints (proght- 
tids), of which 
the ripest are 
those furthest 
from the head. 

Each joint 
gives rise to a 
large numlier 
of eggs, and 
since new 
joints are con- 
stantly being 
formed during 
tlie life of the 
W'orm, there is 
little likeli- 
hood of the 
parasiliO 
coming 
iinct. 

The r 
t a p e w' 0 r m 
joints pass out 
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536. TAPEWORM 

of tbe borlv of a Head, with hooks and sucker r ft. Six- 
1 i hooked embryo f.Youiij; 1. 1 adder .Morm 

the host, and (section) d. FuII-kto^'d bladdcr-\iorni 
if any of their 

cggH chance to be sw^allowed'by a suitable warm- 
blooded quadruped, especially the pig, they de- 
velop further [536]. A minute spherical embryo 
hatches out, and by means of six little hooks 
it possesses bores into the blood-vessels and is 
carried to the muscles. Here it passes into the 
quiescent bladder-worm (cysticercus) stage, in 
which it may remain indefinitely, for no further 
development can take place in the body of the 
pig. Pork infested by bladder- w^orms is said to 
b<‘ “measly,” for the encyst wl parasites gixe 
it a spotty appearance. 

The bladder- worm is a hollow' sphere, the wall 
of w hich is pushed in at one spot. This in-pushing 
is gradually converted into a tapeworm head, 
hollow, and outside in. Should a human being 
eat some measly pork which has been insufficiently 
cooked, the tapeworm head of the bladder- 
worm turns inside out, and becomes solid, while 
the bladder itself is absorbed. The head attaches 
itself to the lining of the small intestine, the chain 
of joints develops, and the adult stage is reached. 

How Science Saved a Pearl Industry. 

The finest “ orient ” pearls of Ceylon are merely 
the tombs of dead tapew^orm embryos. In this 

Continued 


COSO there ore three hosts» and their life-history 
is as follows ; 

1 . Ciliated embryos which hatch out from the 
eggs enter the bodies of pearl oysters, and pass into 
the bladder- worm stage. Some of those die and get 
surrounded by layers of limy matter ; hence ^arls. 

2. The file-fish (Ballistes) feeds upon the pearl 
© 3^81 ers, and some of the bladder- worms taken in 
develop a stage further. 

3. A largo ray (Trygon) pj’cys upon the file- 

fishes, and 
within its in- 
t c s t i n 0 the 
t a p e w o r m 
attains its 
full develop- 
ment. Tape- 
worm eggs 
pass out of th(‘ 
iiody of the 
ray, and the 
e m b r y o H 
which hatch 
from these 
attack the 
pearl oyster. 

The pearl 
tapeworm 
affords a good 
(‘xaraplo o f 
the value of 
scientific re- 
search to in- 
dustry. A few 
years ago the 
Ceylon }x^arl fisheries became greatly depreciated 
in value, and to discover the reason became an 
urgent matter. First came the so-called “ prac- 
tical” man, who, reasoning by the “light of 
Nature,” suggested that file-fishes should be 
ruthlessly exterminated, sinc e they devour pearl 
oysters. Fortunately the aid of scient ific investi- 
gation w as next invoked, and the life-history given 
above was made out, proving conclusively that 
extermination of the file-fish W'ould do away 
with the formation of orient pearls altogether. 

A Rare Sight by the Sea. Nemortine 
worms, unsegmented and usually cylindrical, 
are a numerous marine race, though practically 
unknown to other than professional zoologists. 
Some of them are mu(*h elongated [534], and may 
be found coiled up in odd comers between tide- 
marks. One of our commonest British species 
is jet black in colour and several yards long. 
Helpless though those creatures appear, they arc 
eminently carnivorous, and devour tube-worms. 
At the front end of the body, immediately above 
the mouth, which is on the under-side, a small 
hole may be seen. Through this a long tubular 
proboscis can be shot out, and this is the means 
liy w’hieh prey is secured. In some nemertines 
its tip js armed with sharp stylets, at the bases 
of which poison-glands open. Nemertine worms 
have a considerable theoretical interest, because 
in some respects their structure foreshadows the 
peculiarities of backboned animals, which possibly 
have taken origin from creatures of the kind. 


537. LIVER FLUKE 

a Adult fluke, Ml th hiniidied iiUefcliiK and 
tMO MU kciR («) ft. Ciliated embrjo v. ntei 
Miail (I. (ierm !>ag e. Ecdia /. Ccrcaria 
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if a casting is accepted as sound and strong only 
because the test bar is sound and strong, trouble 
will in many oases follow. By the aspect of 
the fractured surfaces— their dull or lustrous 
appearance — the experienced inspector is able to 
form an approximate estimate of the character 
of the iron, whether poor or good, hard or soft. 
Uniformity must never be looked for either in 
test bars or in castings run from the same ladle 
of metal. Variations of 10 or 20 per cent, occur 
in bars, and twice as much in castings of variable 
sections. This is one reason why a large margin 
of safety must be allowed. Hence test bars 
alone are not relied on in a rigid system of in- 
spection, but a small percentage of castings is 
broken. Those are taken at random, and are 
therefore reliable samples of the whole. 

There is one aspect of the test bar that has 
only been taken account of in late years — namely, 
shrmkage. Here we touch the fringe of a wide 
subject, known to foundrymen as Keep's tests. 
Though ultimately based on the chemistry of the 
iron — namely, on the proportion of silicon present 
in relation to other elements, carbon chiefly — 
and to the mass of a casting, the shrinkage 
of the bar is used as a test to reveal the physical 
characteristics of the metal. Whore Mr. Keep’s 
testing appliances are installed, very precise 
tests can be made with little risk of error in 
judgment. 

Caatinga. The test pieces from a casting 
or a steel plate may fulfil the terms of the speci- 
fication as to strength and ductility, etc ; but 
that does not guarantee a sound casting or plate, 
which must be the object of a careful inspection. 

Castings offer by far the greater difficulty, 
plates being generally homogeneous and reliable. 
Castings are often not homogeneous, besides 
which they are subject to faults developed in 
pouring and cooling, faults in the mould, or 
duo to bad proportioning. Many of these are 
hidden, though their existence may be suspected 
by an experienced man. They may often reduce 
the strength of a casting by as much as 50 per 
cenl., so that the test piece alone becomes 
illusive. 

Faults, The worst faults in castings are 
draws, blowholes, and general sponginess. A 
rough skin should not condemn a sound casting, 
but the faults just named should, if they exist 
in vital parts, condemn a smooth casting. By 
vital parts are meant those which are subject 
to severe stresses of a tensile or cross bending 
character. Faults may occur in parts which 
are subject to little stress, or to one of a purely 
crushing character. They may occur in the 
neutral axis of a body or in the centres of 
masses surrounded with metal far in excess of 
that required for mere strength, as in some 
portions of machine framings, or bed^plates. 
Hence the inspector must judiciously make a 
distinction between the vital and the non- 
essential. 

Draws. Draws, or open spaces, are as 
often as not invisible from without. If due to 
the shrinking of metal away from central 
portions, there is no indication of their presence. 
But wherever thin and thick portions tie one 
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another, draws may be suspected. Hammer 
taps will then indicate a tense condition. Draws 
need not occur in a properly designed casting. 
But the moulder can do much to avoid the errors 
of the draughtsman by judicious local cooling 
off, or, in steel, by filling in fillets in weak places. 

Blowholes. Blowholes and general spongi- 
ness are due to insufficiency of vents. A clean 
surface may conceal sponginess. The hammer 
test may detect it, or small holes on the upper 
surface may indicate the presence of extensive 
blowholes which may be probed by a wire. 
Blowholes are most liable to occur on the upper 
faces of castings. 

Scabs. Scabs are visible on the outside 
and if the fettU'r has trimmed them off, the 
smooth surface indicates what he has done. 
Then holes are present somewhere in the casting, 
because the scab is simply metal taking the 
place of sand that has been flaked off and 
washed away at the time of pouring, and lie*- 
somewhere in the mould. Such a casting, if 
subjected to much stress, must be regarded with 
suspicion, and may have to be condemned. 

Plates, sheets, and angles are liable to pitting, 
and to seams or laminations, but far less so in 
steel than^ wrought iron. Steel is practicalK 
homogeneous ; poor iron is not. But if spongi 
ness is present in a steel ingot, it will show in the 
rolled plates. These faults can be detected onl\ 
by ocular examination, and by hammer blow- 
in the case of laminations, which, if present, 
do not emit a clear, ringing sound like a solid 
plate does. 

Impact Tests. These are used for rail- 
way rails, tyres, and axles, because the stresses 
which these have to sustain are of the nature 
of shocks or hammer blows. Tensile tests 
are usually taken also, but the rails, tyres, 
or axles must pass the drop tests before 
they are accepted. These vary in different 
countries. In England engine axles are tested 
by the falling of a 1-ton weight through a distance 
of from 25 ft. to 30 ft. The number of blou*- 
varies, ranging from five to sixteen. The 
axles are laid in bearings 3 ft. 6 in. apart, and 
are reversed after each blow, or each alternate 
blow, BO that the result is a number of bendings, 
ranging from 2^ in. to 3 in., and straightenings, 
which the axle must endure without sign of 
crack or fracture. Then, having withstood 
these, the axle is broken, and specimens cut from 
it for tensile and bending tests in a machine. 
Rails are tested in a similarly severe mannet, 
with considerable variations in different coun- 
tries. Tyres are also subjected to a drop tost, 
being stood edgewise, and receiving successive 
blows from a 1-ton weight dropped from an 
increasing rapge of heights, extending from 
10 ft. to 30 ft., until it is bent through a distanee 
of one-sixth or one-eighth of its external diameter 
without cracking. 

Finished Mechanisms. These, speak- 
ing generally, are tested by the agencies by 
which they are stressed in practice, as steam, 
water, imposed loads, etc. The tests may 
have for their object the strength of the 
mechanisms, or their rigidity, or stability, or 
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the tightness of joints and seams. In another 
class of test, speeds, discharge, capacity, power, 
etc., are ascertained. 

Steam-preaaure Testa. Testing by steam 
pressure to be sure of the strength of a 
vessel is practised to but a limited extent, and 
then, as a rule, following hydraulic tests. Even 
in steam boilers, with the exception of the 
locomotive, it is not generally practised. Many 
hold that it is of no value, while it is certainly 
risky to test a boiler at much higher pressure 
than that at which it has to be worked. The 
hydraulic test fulfils the required conditions 
equally well, and involves no risk whatever. 
On the other hand, testing by steam is done 
under working conditions of expansion due to 
heat, and these will often find out weak and 
leaky scams that a higher hydraulic presstire 
had failed to detect. 

The Hydraulic Teat. This is by far the 

most valuable and most extensively employed. 
It can be regulated within any range with 
absolute precision, from a few pounds to 
two thousand pounds or more to the square 
inch. It tests the strength of pipes in iron, 
steel, copper, and copper alloys ; the tightness 
of welded and riveted joints, of caulked, of 
flanged, and other joints. If a joint fails, there 
is just a fizz of escaping water, or a mere weeping 
only, and the pressure is relieved at once, and 
therefore there is no danger as there is with 
the highly elastic steam. Pressure water finds 
out spongy metal, and weeps through it, hence 
cast pipes are tested thus. It will find its way 
through bad welds, through boiler seams im- 
perfectly riveted and caulked. It will force its 
way between the leathers and rams of hydraulic? 
cylinders if the leather and the fitting are poor, 
ihe test pressure pump is used, fitted with a 
gauge which indicates the rising pressure 
accurately. 

Deflection. The amount of deflection of 
a beam or structure under a dead or a livo 
load is very important, and specifications are 
generally stringent on this point. The maximum 
load on a structure must not stress it beyond 
the elastic limit, and the structure must there- 
fore possess sufficient rigidity or resistance to 
enable it to return to its original form on being 
relieved from its maximum load. This original 
form need not be that at which it leaves the 
manufactmer, but that which it takes after it 
has acquired a permanent, set. But specifications 
HK to amounts of deflection permissible guard 
these contingencies, and the inspectors have to 
see that they are fulfilled. Sometimes firms 
have had to substitute new girders for others 
that would not stand the deflection test. 

Alignment. This signifies the centres or 
axes of shafts, spindles, bearings, etc., being 
in one plane, or in line. It is most important 
in lengths of shafting, in machine tools, and 
engine rods. It is tested in some cases by the 
same methods as those used in erection, namely, 
by straining lines, and by parallel straightedges 
and spirit levels, or by plumb lines. But for 
fine machine construction this would not be 
accurate enough. Centres may be brought 
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together, but that is not sufficient in some 
cases. Fine alignment is checked with an 
indicator, the point of which is brought to 
the centres, or axes, and any departure from 
accuracy is magnified at the other end by a 
pointer moving over an index. There is also 
a practical testing commonly done in lathes, 
which will be noted immediately. Alignment 
in moving pistons and rods, and crosslieads, 
or slippers in their bores, glands, and guides 
is often tested after erection by moving them 
along, and judging of the fitting by the ease 
or stiffness with which they work. 

Stability. This is one of the essentials 
in structures which are subjected to stresses 
tending to disturb their equilibrium. It has 
its applications in locomotives and rolling 
stock, and in balanced jib cranes of all kinds, 
but specially in the travelling types. The 
higher the centre of gravity, the small(?r, other 
conditions being equal, is the stability. Hence, 
weight is, when possible, massed low down to 
lower the centre of gravity ; and the base, 
w'hother wheel base, or foundation plates, or 
beds, is made as broad as practicable. 

Horse-power. This is estimated as the 
number of pounds, 33,000, lifted one foot high 
per minute. It is ascertained by calculation, 
or by brake, or other dynamometer, or by the 
indicator. 

Speeds. These are reckoned by observation 
if slow and not extended over a long time, as 
the speeds of shafts, revolutions of some engines, 
and machine tools. But under opposite con- 
ditions a revolution or speed-counter is used, 
which records automatically the number of 
revolutions. 

Modulus of a Machine. In plain 
words this means the efficiency of a machine, 
or the relation or percentage of the work which 
it is capable of doing to that which is put into it. 
It is always a fractional part, since no machine 
can possibly give out all the energy it receives 
unless it were absolutely frictionless. Calcula- 
tions based on theoretical figures are of little 
value here because there are so many sources 
of loss which go to make up the total. The only 
practicable and reliable way is to tost the 
machine as a whole, and when the work which 
is applied to it and absorbed by it is known, 
then the percentage between that and the work 
done represents the modulus, or efficiency. But 
this holds true only under identical conditions. 
The efficiency will not be the same under different 
loads because, in general, frictional resistances 
remain constant under greater or lesser loads, 
due to the surfaces in contact. Thus a planing 
machine absorbs nearly as much power while 
running idly as when cutting metal, due to the 
inertia of the heavy table. The power of an 
engine varies directly as the steam pressure 
and velocity, so that it is easy to double the power 
of a given engine without affecting the friction 
much. In hydraulic rams and pumps, and in 
machinery running at very high spee^, friction 
and ill-balanced parts complicate matters, but 
in average machines the remarks just made 
hold good. If therefore, as the result of test, 



the modulus of a machine working under given 
conditions is knowm, that of machines of different 
powers can be awcertaincd. The gross horse- 
power, or foot-pounds of work absorbed are 
multiplied by the modulus. 

Testing Machine Tools, Machine took 
are subjected to tests for accuracy and 
for capability to perform the work demanded. 
The latter is chiefly a question of driving power 
and strength of parts, combined with close 
fitting, to prevent slackness, except as regards 
the eapaeity for speed, which is governed in 
many cases, such as in automatic screw machines, 
by the skilful setting of cams, etc. 

Machine tools are used for the production of 
true surfaces on work, so that questions of align- 
ment, parallelism, and squareness of spindles and 
slides in relation to each other are of paramount 
importance, whereas in an engine, pump, 
etc., so long as the parts work correctly and 
freely^ it may be pashtd. But a machine tool 
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Drillers and borers: Perpendicular relations, 
and parallelism of the spindle to the table or 
base. Grindets : Alignment of spindles to beds 
and tables, and squareness of cross movements. 

Indicators. In those machines which have 
rotating spindles care has to be observed that, they 
run truly, since a very slight amount of oecen- 
trieity will spoil results, especially in lathes, 
milling machines and grinders, while in drilling 
mac'hines the “running out” of the drill causes 
much annoyance and risk of untrue work. In 
testing such spindles, a plug, ground truly and 
parallel, is inserted in the centre of the mandrel 
hole, and the spindle is revolved. An indicator 
is then made use of [853 1 , a delicate instrument 
comprising a system of levers which magnify 
the movement of a stud or feeler. A, screwed 
into a pivoted block, B, which moves levers C and 
D, the last having its end travelling across 
graduations on the top of the casing. The levers 
C aiid D enormously magnify the movement. 



may look and operate apparently to perfection, 
and yet be very inaccurate in its product. In 
good woik it is usual to test relations after the 
fitter and erector have done their part, and see 
that the permissible limits of error are not 
exceeded, absolute accuracy of course not being 
attempted. The principal forms of tests relate* to: 

Lafhes: Alignment of the headsto^k and 
poppet axes in r(‘gard to each other and to the 
bed, and squareness of the rest setting, so that 
turning, boring, and fiicing shall lx; cfTccted 
parallel, and at right angles. Planers : Square 
relation of the uprights with the tables, and 
parallelism of the cross rail therew^ith. Shapers: 
Parallelism, and squareness of the ram move- 
ment in regard to the table. Slotters : Perpendi- 
cular movement of the ram to the table slides, 
including rectangular relat’on of the latter in 
regard to each other. Millers: Parallelism, 
and squareness of the spindle in relation to 
the table, and truth to the latter at right angles. 


so that a motion of l,0()0th in. of A shows as j[th 
or ,\^th in. on the end of D, according whetlior 
A is screwed into an upper or a lower hole in the 
block B. Th(^ spring E tends to k(M*p the parts 
at normal positions. The shank F is for holding 
the instrument in place on machines, etc., the 
case being pivoU*d so that if too much movonumf 
is applied to the feeler the levers will not be 
damaged but the (‘asc will tilt back. A cover 
is screwed to th(» face by the hol(*s seen, to protect 
the parts. The feeler (i is for testing inside holes, 
w^hile other forms are made for special work. 

Lathe Testing. Another kind of indicator 
[364] comprises a pointer which is so pivoted 
that any movement is greatly magnified, and 
indicated on a divided scale. If the plug, 
therefore, held in the lathe or other spindle 
should happen to run eccentrically, the needle B 
of the indicator will move in sympathy, while 
if no inaccuracy is present the needle remains 
stationary. All circular revolving parts may 
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therefore be tested in a more delicate and easy 
manner than by setting the machine to work. 
The alignment of the spindle with the bed is 
tested by using a longer plug [855] and guiding 
the indicator base along the vees, or ways of the 
bed» HO that any want of parallelism between plug 
and bed is shown. Or a short mandrel may be 
placed in the spindle and a couple of collars 
turned up on each end with a light cut travelling 
the rest from one to the other ; those should be 
identical in diameter when measured by a 
micrometer caliper. If one is larger, then the 
spindle is not in alignment with the bed. The 
indicator in 856 is a type where the pressure on 
the feeler moves a needle over a circular dial in 
the case. 

The alignment of the loose poppet is secured 
if an indicator held in the rest boars equally 
when brought to either end of a ground parallel 
shaft mounted between the heads. The barrel 
itself may also be tested by the use of a plug 
inserted as in the case of the heads tock. 

Squareness of movement of the cross slide is 
shown by its capacity for facing a plate flat, 
smee if the tool leaves the surface either concave 
or convex, this shows that the slide does not 
move at right angles to the spindle. A neat 
method of testing is to make a special plate [866 1, 
projecting out into two rings, one at the peri- 
phery, the other encircling the screw hole. After 
a cut right over these rings, a straightedge laid 
against it should grip pieces of tissue paper 
between the four narrow faces, «, a, a, o. Should 
the facing bo concave or convex, the paper will 
fall from the inner or the outer rings respectively. 

Linear motions of slides or rams in relation 
to tables and beds are tested with the indicator. 
By clamping the stem in the tool-box of a planer, 
for instance, and moving the box along the cross 
rail, the want of parallelism of the latter to the 
table is detected by the needle moving if the 
feeler presses the table harder on one side than 
the other [867, A and B]. Shapers may bo 
tested by holding the indicator in the tool-box 
and moving the ram to and fro, and the table 
also transversely, any divergencies in the extreme 
positions showing themselves. Parallelism of 
spindles to tables, as in milling, drilling, and 
boring machines is found by sliding the indicator 
along either the spindle or the table, the feeler 
making contact evenly all along unless the spindle 
lies out of parallel. These examples are sufli- 
cient to show how testing is carried out, being 
representative of the work in general. It may be 
noted that in many shops the inspector has to 
furnish a report of the test, giving as far as 
possible the amounts of inaccuracy present in 
the main parts. As mentioned previously, 
these inaccuracies must not exceed a predeter- 
mined amount, which varies, of courso, as the 
machines are of common or of high class con- 
struction. 

Crane ^ Testing. Cranes are tested for 
stability, lifting capacity, and power consump- 
tion. The stability of a jib crane is measured 
in reference to the gauge of rails upon which it 
runs or to the length of support afforded by the 
blocking girders. In the case of a fixed crane. 


the foundation is proved by the test load. The 
test load imposed is usually in excess of the 
working load ; for ordinary cranes, 20 per cent, 
overload is usual, but this rises to 50 per cent., 
and even 100 per cent., for special cranes. The 
load is applied gradually, half or two-thirds loads 
being successively lifted, and the behaviour of 
the crane carefully noted. A common device is 
to apply a long lever under the crane tail from 
time to time during the tost, to ascertain what 
margin of safety exists. 

Cranes are also tried for backward stability 
with the load off and the tail at right angles to 
the track. Many railway breakdown cranes are 
not stable in this position, except when the block- 
ing-up girders are in use ; such cranes are usually 
fitted with movable ballast weights. The over- 
load test also proves the capacity of the crane to 
perform its various movements properly. 

With overhead travellers and goliaths, the 
test load is also used to ascertain the deflection 
of the main beams ; this may vary from J in 
to 1] in., according to span and construction of 
girder. This deflection is apart from permanent 
set, which must be noted by measuring the level 
of the beam before any load is imposed and 
measuring again after the test load has been 
lifted and set down. Permanent sot depends 
largely on the workmanship of the joints, and 
may be equal to the deflection in amount. 

Speeds are measured by noting the time taken 
to carry out a certain operation and then 
reducing it to feet per minute. Locomotive 
cranes are tested for travelling speed and for 
shunting power, also for steaming power. A 
locomotive crane boiler should maintain steam 
at or about the working pressure easily through- 
out the period of testing. Coal and water con- 
sumption is easily noted during a test, or for 
a complete day’s work. Electric cranes are also 
tested for current used over given periods, and 
the results are reduced to tons per kilowatt 
hour, or, alternatively, to cost of current per 
ton handled. 

Cranes are subjected to trials for efficiency in 
a similar manner to that to be described imme- 
diately for electrical machinery. Crane-build- 
ing establishments record all their tests, and use 
the comparative results as a guidance in the 
design and manufacture of subsequent cranes. 
Thej^ are thus eminently qualifi^ to act as 
advisers when specifications are being framed 
for prospective lifting appliances. 

Engine Testing. Steam engines are 
tested to ascertain their indicated and brake 
horse-pow'er, also for stgam consumption and 
general efficiency. The indicated horse-power of 
an engine, or I.H.P., as it is termed, is obtained 
by means of an indicator, which records the 
actual steam pressure in the cylinder at the 
various periods of the stroke of the piston, ^c 
indicator is attached to the cylinder by small 
steam-pipes, and is driven by the engine cross- 
head by means of levers. It produces a diagram 
as in 858. The area of the boot-shaped figure 
represents the work done by the piston; its 
length is the stroke of the piston, whilst vertical 
dimensions give the varying pressure as the 
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steam is cut off, and then expands. The m<nui the l.H.P. and B.H.P. represents the friction 
height is the average pressure, and this, multi- losses in the engine, the relation 
plied by the piston area in square inches and by B.H.P. x 

the piston speed in feet per minute and divided T.H.P. 

by 33,000, gives the indicated horse-power. gives the <‘ffieiency per eemt., which may vary 

In the diagram [ 368 ] a represents the point from 75 per cent, to 95 per cent., according to 

at which steam is admitted to tlie cylinder. tlie class of engine and accuracy of construction. 

FVom o to 6 the steam rises, making, in a good Engines are tested for steam consumption in 
diagram, a vertical line. The paper on the connection with steam boilers. Water is 

indicator cylinder rotating, the line h c should be measun^d into tlio boilers before and during 

straight. At c the steam begins to be cut off, test, and the residue measured afterwards, 

and the line drops to d, the point at which it is From these figures the amount of steam used 

fully cut off. Prom d to c the steam is working over a prescribed time may be easily obtained, 

expansively. At e the exhaust is opened and and reduced to jioiinds per l.H.P. per hour; 

remains open from / to g. At g the exhaust is the usual result is 18 lb. to 22 lb. for oom- 

olosed, and cushioning takes place to «, where pound and triple-expansion engines, 25 lb. to 

steam is again admitted for the next cycle. This 30 lb. for condensing engines, and 35 lb. to 

is the diagram for a high-pressure engine, in 40 lb. for ordinary non-condensing engines, 

which / sr is the atmospheric line. In a con- Better figures are frequently obtained, but the 

densing engine, / g would represent the vacuum above represents good average practice. Gas 

line, and the atmosph('ric line would bo higher and oil engines are tested in a similar manner to 

up. The 10 vertical full lin(‘S are ordinates. steam engines for indicated and brake horse- 



361. STEAM EX<1I\E TESTING RTIOI’ 


To get the total area, the spaces between the.se powder, th(‘ i‘fti(*i(*ncy b(‘ing about 85 piM* c(*nt. 
are divided midw'ay, as indicated by the dotted Gas consumption is st at edm cubic feet per l.H.P., 
lines, their lengths are measured, and added, and and can easily bt* measured on the meter for any 
the sum divided by 10. 'Plu* r(‘MiIt is the mean given period; 15 <‘ubic ft. to 25 cubic ft. ot tow^n 


jiressurc on the piston per square inch. Thus : 
Area of piston x moan pressure x spf‘od of piste 

Th<‘ indicator diagram is an open book, which 
shows as clearly what is going on within the 
< ylinder as the stycthoscope reveals the condition 
of the lungs. Abnormal cards show whether 
the exliausi opens too soon or too late, or closes 
too soon or too late, and much more. 

The brake horse-power, or B.H.P. is measured 
with a dynamometer, as in 359 ; this particular 
form is knowii as a rope brake, and is applied to 
the flywheel of th(» engine. The weight W is 
adjusted to suit the load, and the B.H.P. is 
found by multiplying the weight by the circum- 
ference of the rope circle, and by the speed of 
the wheel in revolutions minute, and 
dividing by 33,000. The difference lietween 


gas is usual. Oil consumption for oil engines is 
i in feet leckoned in pounds per I.H P., 

s* H.P. the ordinary results being from 

i lb. to 1 lb. per I.H.P., 
according to size of engine and class of oil. 
Suction gas engines are tested also for fuel 
consumption, as they are part ot a compU*te 
gas plant ; tJie l.H.P. is taken at intervals, and 
the fuel consumption noted for a given time. 
An average result with a good plant is 1 lb. 
of coal per horse-power hour. 

Testing of Electrical Machinery. 
Ti'sts to determine the power required by electri- 
cally-driven machinery are made by measuring 
with an amraeU‘r and a voltmeter the electrical 
horse-power rate of working. If these instru- 
ment.s are not permanently fittt'd to each motor, 
the arrangement shown in 360 for inserting 
portable instruments at the motor switchboard 
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may be provided. W1 W2 are the cables the motor is stopped, by laying thermometers, 
entering And leaving the terminals of the + main covered over by dry cotton-waste, upon the field 
fuse F. Terminals, with milled nuts, Tl, T2, and armature windings, and noting how far 
are connected by wires W3, W4. When a reading the mercury rises, having previously noted the 
is required, the terminals of a portable moving- temperature of surrounding air. 
coil type ammeter are connected across Tl, T2. Cost of Power. In the absence of an 
When this connection has been made, the fuse “ energy meter,” an idea of the cost of running 
F is removed, and the ammeter will then read the motor may be obtained. Take a number of 
the current passing to the motor. When the readings, say every 15 minutes for an hour or 
reading has been obtained the fuse is replaced, two when the motor is doing a normal load, by 
and the instrument may then be taken out, care the ammeter and voltmeter. Then take the 
being, of course, observed to use insulated tools, mean of each and reduce to watts. Tims, 
to prevent the risk of shock to the operator, supposing the moan reading over two hours to be 
The voltmeter is also connected as shown, being 32*5 amperes, 230 volts. Then 
attached to both 4 - and - cables. It is thus 32*5 x 230 — 7475 watts or 7*475 kw. 

unnecessary to stop the motor to insert or Kw. x time x price per unit = cost of power, 

remove the ammeter. An “efficiency curve” Thus, with power, say TSd. per unit, in above: 
should always be supplied by the makei-s of the 7*475 x 2 x 1*5 — 22*425d., 

motor, showing its t'fficiency at various loads, or ll*2d. per hour, at the average load of motor. 
The 6.ILP. being delivered to the machine Insulation. A rough and ready insula- 
can then be calculated. , ^ tion test for a motor is made by connecting a 

Thus, supposing the motor input to be 32*5 voltmeter momentarily first from the -f brush 
amperes at 230 volts, and that to bo the full earth, and then from the - brush to earth 
^ motor : while the motor is running. If the insulation 

32*5 X 230 _ e.H.P. = input to motor. i'* good there should be no reading. If there is a 

746 reading, either + or - side exceeding 3 per cent. 

The efficiency curve showing 86 per cenii. at of the working voltage, the motor should bo 

full load, we deduct 14 per cent, inefficiency carefully examined, and it and the circuits 

loss, and get : tested with proper instruments until the faulty 

10 E.H.P. - 1*4 — 8*6 B.H.P., spot is located and repairs effected. Faults 

output to the driving of the machinery. in the insulation do not simply mean small 

We also get the approximate mechanical leakages and waste of current. The chief danger 
efficiency of the machinery driven. The machine is that once started they rapidly develop until 
is first run unloaded, and a reading obtained, complete breakdown occurs, and the motor has 
say, 4 E.H.P., then : to stop, also because sparking and arcing take 

Efficiency of motor at 4 h.-p. — say, 75 per place at the point of failure and may result 

cent., then B.H.P. — 3. in fires or other damage, and persons handling 

Full load. of machine takes 8*6 B.H.P. Then the machinery may receive electric shocks. 

8-6- 3= 5*6 = — Testing-rooms. In a modern works the 
, testing-house is completely equii>ped ■with ap- 

65 per cent, mechanical efficiency. pliances for ensuring accuracy, and is a great 

Horse-power & Rating of Motors. Tlie advance on the testing done in the workshops, 
horse-power that can be obtained from a motor A brief notice of the testing-room [361] of Messrs, 
depends upon its speed and the current which Beiliss & Morcom, Ltd., makers of high-speed 
it takes. As the load upon it is increased, the engines, will give an idea of what the equipment 
current rises and the speed of the motor falls involves. It is a large building, served by several 
slightly in a shunt or compound, or more electric travelling cranes. Massive cast-iron 
markedly in a series-wound motor. The limit slabs are let into the floor on which engines to be 
of safe load depends chiefly on the heating up of tested are. bolted. Steam and exhaust pipes are 
the field and armature coils in a series motor, laid down from which connections are made, 
or the armature windings in a shunt motor. They are arranged with shut-off valves at inter- 
which must not be so great as to overheat the vals, so that an engine can be connected and 
wires and damage their insulation. Thus, disconnected without interfering with any other 
for motors running continuously a run of six engine under test. Four Babcock and Wilcox 
hours at full load, or of 12 hours under variable boilers supply steam at 250 lb. pressure per square 
load, should not raise the temperature of their inch. There are several 'condensing plants. A 
windings more than 60°. F. Motors for inter- system of tanks is provided for measuring or 
mittent work, however, where the load is in weighing the water used by the engines. A 
regular alternations of light and heavy value, number of Crosby indicators are employed, 
as in rolling mills, shears, etc., may be worked at Electrical instruments form a large portion of 
higher rato ; while for such work as that of the equipment. Switches and instruments *with 
cranes, hoisting machinery, capstans, etc., where wire frame and water resistances enable currents 
load is followed by rest periods, a temperature rise and voltages to be measured up to 1 ,000 electrical 
of 75° F. after six hours full load test, or 90° F. horse-power, for both continuous and altemat- 
after six hours under working conditions, may ing currents. The men who make the tests do 
be allowed. These tests are taken immediately nothing else, becoming specialists in this work. 

Workshop Practice condudedy followed hy 
Tooia 
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By R. LAING 


'T’HE commodities in which it is the business of 
^ a bank to deal— money and credit — ^forra 
the subject of a most important section in political 
(conomy, and, before discussing the functions 
and practice of a banker, a brief survey of 
their origin and development will not be out of 
place. 

Barter. Barter is the direct result of 
division of labour. In a community in which 
each individual wholly supplies his own needs 
no (exchange of commodities is necessary ; 
but if A devotes his sole attention to the manu- 
facture of shoes, he will, in a very short time, 
completely satisfy his own want of footgear, 
and be possessed of a stock which is (to him) 
without value, while at the same time he is 
aware of a painful lack of the other necessities 
of existence. However, B, the hatter, 0, the 
shirtmaker, D, the grower of corn, and their 
fellows, are in a like condition, and, after a certain 
amount of bargaining, each rids himself of that 
which was to him suportluous and valueless, 
gaining in exchange that which is to him 
necessary and of, perhaps, groat value. 

The operation of barter creates values in 
cx(*hange, or prices, which are solely dependent 
on the current supply and demand. These 
two factors are, however, subject to several 
influences. For instance, they must be effective. 
The tramp may greatly desire the motor car of 
the millionaire which passes him on a country 
road, but he cannot make his demand effective; 
while the millionaire may strongly wish to 
be possessed of the tramp's digestion, which, 
however, the latter cannot effectively supply. 
Prices, again, do not depend on utility, and 
vary greatly m differing circumstancc^s The 
most extravagant amounts may be given for 
old curios, which, shipped to Greenland, would 
command little more than the price of inferior 
firewood. 

Defe^'^s of Barter. Barter is at best but a 
clumsy 11 ) thod of exchange, in consequence of : 

1. The need of double coincidence — that A 

should desire shirts for shoes, and 0 shoes for 
shirts ; v 

2. Exact settlement being almost impossible — 
if one shirt is worth two pairs of shoes and 0 
has only need of one pair, no exchange is 
possible ; 

3. The ratios of value being practically in- 
numerable, causing immense difficulty in the 
settlement of each transaction. 

As a result, in every State whose commerce 
has obtained any measure of importance, a 
common medium of exchange has been adopted. 

This medium is turned money, oi currenejr, 
and the functions it performs are three m 


number: (1) It is a measure of values ; (2) it is 
a medium of exchange ; and (3) it is a standard 
for deferred payments. 

As 1 it reduces the ratios of value to the 
number of commodities for sale, less one — 
itself. As 2 it disposes entirely of the necessity 
for double coincidence and of the difficulty of 
settlement, while as 3 it enables the payment 
in the future of debts now incurred to be 
carried out with justice to both parties. Sup- 
posing a 5 per cent, loan to be made for a year 
m the form of 100 hats, but that during the 
year hats become very much less difficult of 
manufacture. The labour embodied in one 
hat has been reduced to, say, half of that 
formerly represented by it, while that necessary 
for the manufacture of other commodities has 
remained stationary. In conRC(|uonce, one hat 
only exclianges for one-half of the commodities 
it was worth before, and the lender will not 
be satisfied with the return of 106 hats at the 
end of the year, but will ask for 210. The 
commodity chosen as money requires at all 
times to possess as far as possible an equal 
purchasing power. 

Upon the greater or lesser degree in which the 
commodity chosen as money possesses tho 
following essentials depends tho efficiency of 
its performance of the foregoing functions : 

(a) Utility and intrinsic value. 

(ft) Gonvenienee in size and weight. 

(r) Indestructibility. 

(d) Equal sizes and weights to possess 
always the same value. 

(c) Divisibility without loss of values. 

(/) Stability of value. 

(gr) Ease in recognition by all. 

It has b(H‘n found that the metals, more 
especiedly gold and silver, possess in the greatest 
measure the essentials mentioned above, while 
the Btate, in accordance with almost universal 
custom, gives to the public by a systtmi of 
coinage a guarantee of weight, fineness, and 
value. In doing so three courses are opc«i 
to it : all metal may be coined free of charge ; 
a slight charge equal to expenses may be made ; 
or a large profit may be obtained by the issue 
of a debased or a token coinage. 

Standard and ToKen Money. In 
every coinage what is termed a standard coin, 
or coins, will bo found — that is, the unit or its 
divisions, by which all values are reckoned, 
the standard coins of this country being the 
sovereign and half-sovereign. These two coins 
are Legal Tender for any amount — t.c., they 
must be accepted in payment of debt, however 
large the sum in question may be. Retail 
transactions require, however, coins of smaller 
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value, and, as further division would result in 
inconveniently small gold coins, recoufse is had 
(in this country) to the issue of silver and bronze 
tokens, which are not regarded as divisions of 
the standard unit, but act as it were as counters 
in place of these, occupying very much the 
same position to the standard coin that the 
beans of card-players, desirous of obtaining the 
excitement of playing for seemingly large sums, 
do to the pence for which, perhaps, a score of 
them afterwards exchange. Botn silver and 
bronze coins issued by the Mint come wiihin 
the third class, and both arc only legal tender 
to a limited extent — £2 and Is. respectively. 

In the establishment of a system of coinage 
it is by no means necessary that the State should 
confine its standard coins to one metal, but 
may enact that coins of different substances 
may circulate side by side, either at a fixed 
or at a varying ratio, and be equally available 
as legal tender. The double standard has 
been brought prominently before the public 
by the advocates of bimetallism. 

Credit. Credit may be briefly described 
as a commercial lubricator, its absence heaving 
the same effect on commerce as the omission 
to apply the oil-can has on the powers of an 
express locomotive. It is not material wealth, 
but rather a transfer of it — e.g., the existing mass 
of material wealtli is not increased when a 
merchant hands over certain goods to another 
in exchange for a promise to pay at a future 
date. Credit allows material wealth to be 
employed to bettor advantl^?e, and may release 
for the actual production of commodities that 
which was formerly engaged solely in their 
exchange. The advent of commerce having 
established in turn barter R,nd coined money, 
its progress creates a growth of credit, and 
credit substitutes for coined money, until, as 
in this country, the transactions which are 
carried through by their agency far exceed in 
amount those in which the older medium is 
still used. 

With their introduction, a new factor came 
into being. A seller who receives in settlement 
so many sovereigns will be quite assured that 
he can at any time exchange these for whatever 
he may desire, but he who takes in payment a 
paper promising to pay three months hence 
knows that ere that time comes the paper may 
be valueless, and, consequently, before taking 
it, he satisfies himself as to the stability and 
reputation of his debtor. 

Credit Movements* In the course of 
business each merchant will usually become 
liable for a large sum, for the payment of which 
(although his assets may greatlv exceed his 
liabilities) he is dependent on the due settlement 
of similar accounts owing to himself by other 
traders. The banks will also be due enormous 
amounts to their depositors, most of which has 
been lent out at interest. In the ordinary 
coui^ of events all will go well ; but from time 
to time a suspicion may arise, cither rightly or 
wrongly, regarding one or more merchants, who, 
in combating it, will be called upon to prove 
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their solvency by the payment of their liabilities. 
They may be able to do so by drawing upon 
their bank balances, or by arranging fresh 
loans ; but, on the other han^ the matter mav 
go further. Suspicion continues to spread, 
failures occur, universal distrust arises, and each 
one, fearful lest he may be the next called upon 
to establish his stability, takes precautions and 
endeavours to raise from his banW the amounts 
he deems requisite. The latter, however, is 
just then seeing his deposits diminishing, his 
reserves of coin disappearing (to make up the 
increased amount of money required for use), 
and finding that his securities are unsaleable 
and the debts due to him unrealisable. In 
short, unless confidence is restored, or a remedy 
found, a financial panic is imminent. The 
remedy for this country is dealt with later in 
connection with the Bank of England Discount 
Rate. 

Credit Cycles. The recurrence of such 
crises as the above occur at well-marked intervals. 
Tlie bank reserves of a coimtry may be high, 
universal confidence is felt, interest is low, 
loans can be obtained without difficulty — “ money 
is easy.” An element of speculation creeps in 
—encouraged, perhaps, by the anxiety of banks 
to lend their surplus funds — and rapidly spreads, 
until one day some speculators cannot meet 
their engagements ; suspicion soon becomes 
rampant, and a panic results. 

We h«.ve now to consider the various forms 
of Credit Documents. The substitutes for 
coined money divide themselves into five classes : 
(1) Note Issues ; (2) Cheques, drafts, etc., payable 
on demand ; (3) Currency Bills ; (4) Book credit ; 
(5) Clearing Houses. 

Note Issues. Notes fulfil in a greater 
measure than any of the other substitutes the 
functions of money, being in a manner a con- 
venient form of large token money. The 
methods of issue are many and varied : they 
may be either convertible or inconvertible, 
issued by the State or by certain privileged 
institutions, with or without restrictions. 

What are known as Convertible Notes take the 
form of a promise to pay* the bearer on demand 
a certain sum in standard coin, and against 
such issues an amount in coined money is held 
as a reserve. If the issue is unrestricted this 
amount will not equal the total issue, but will 
only represent that proportion which experience 
shows is necessary to meet possible demands in 
the ordinary course of business. 

Inconvertible Notes ase simply circulating 
I O U’s with a safety margin, no obligfi.tion 
being imposed on the amount mentioned on 
each note. They may be quite unobjectionable 
if certain precautions are observed, but in every 
case they possess a dangerous tendency to over- 
issue. They are invariably the result and sign 
of Governmental financial difficulty, the odium 
of fresh taxation being avoided by the receipt 
of the forced loan obtained through their 
issue. The results of inconvertible no^ issued 
to excess are dealt with in a succeeding para- 
graph. 



'ReiSulatioM aa to Note laauea. The 

regulations imposed by the State on the issuers 
of convertible notes may remain unaltered even 
although the notes are made inconvertible, 
the only difference being that the obligation 
to pay in standard money on demand is deleted. 
The issue of each class may bo limited to a 
certain amount, a minimum reserve may be 
stipulated for, or a reserve varying with the 
issue may be required. The reserve may be 
partly composed of securities, while the limit of 
issue, if any, may perhaps be exceeded on 
payment of a certain penalty. 

If through certain circumstances there exists 
in any country a good and a bad currency side 
by side, in the course of time the former will 
disappear and the latter become the sole money 
in use. The explanation is not a difficult one if 
it is borne in mind that the coins of one county 
when exported are only worth what they will 
fetch as bullion. No one would, for instance, 
(‘xport our silver token coinage to France so 
long C.S twenty shillings (which, when coined, 
can be excJianged for one sovereign) are only 
worth about half-a-sovercign when melted down. 
Tlie coins chosen for export are those of the 
fullest weight and of the greatest value ; the 
inferior ones being again isHU(‘d, to circulates by 
force of law at a rate above their intrinsic value. 

If the convertible issues of any country ar<‘ 
beyond what are essential, they will be cancelled 
by being returned for payment to the issuing 
banks by the other institutions info whoso 
hands they come. No such cancellation is 
possible in the case of inconvertible notes, 
which continue to circulati* until they can bo 
used by some debtor of tlie issuer in payment of 
liis debt. 

Provided they can be readily exchanged for 
their face value in gold, no great harm can be 
said to bo done, and if a large issue is made 
without this exchange becoming impossible, it 
follows that the currency was formerly insufli- 
cient for requirements. An increase of incon- 
vertible not(»8, without depreciation, r(*Hults in a 
rise in prices, and as the notes are readily ex- 
cliangeabl(‘ for their fact* value in gold, encourages 
imports from foreign countries. At the same 
time exports will be discouraged — ^goods which, 
owing to the rise in raw materials, are now more 
costly of manufacture commanding abroad but 
the same price as before. This encouragement of 
imports and handicap to exports (which will also 
be brought about by an excess of purely metallic 
currency) results in an unfavourable exchange 
and a probable export of bullion. We j-hall 
refer to this later under Gold Points. 

Additional Effect of Over-issue. If 
the inconvertible notes are, however, issued 
to excess, they will become depreciated in value 
and will no longer exchange for their face value in 
metal. Ahnost every country furnishes examples 
of paper documents, which, while actively circu- 
lating, would exchar^o for only a fraction — 
sometimes a most insigniiicant one— of the coin 
they were supposed to represent. By force of 
law, however, such paper is legal tender in 
payment of any debt, and consequently no one 
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is so foolish as te pay any sum in coin while he 
ha^ so cheap a medium to his hand. As a result 
the whole of the transactions of the country are 
settled in paper, which becomes the sole cur- 
rency, the standard coins in circulation no longer 
fulfilling their function, being bought and sold 
with paper money as a commodity with a varying 
price. 

The amount of this credit money current at 
any time varies with the sum of the transac- 
tions which it is called upon to settle, while 
the cash reserves which act as a basis are 
quite insignificant when compared to the trans- 
actions which they support. A large inereas'e 
or decrease in these can be settled by means 
of this elastic currency without variation in the 
general range of prices. 

Bills of Exchange. The oharaeteristies 
of bills of exchange plac<‘ them in a class midway 
between note issues and demand documents. 
Issued in a similar manner to the latter, they may 
pass through many hands before they become 
due — a practice that is referred to under the 
heading of the Continental Di‘mand for London 
Paper. 

The form of credit knowm as hook credit will 
be best explained by the example of two mer- 
chants — one in this country shipping British 
goods to an American correspondent, the latter 
in return sending him American articles. I'he 
entries in the books balance ejw*h otliiT, and 
obviate the use of eurnnoy in payment, limiting 
it 'at most to the settlement of a periodical 
differimei^. 

The (clearing House sy^item is specially 
adapted to the settlement of bargains in 
wholesale markets. Stock Kxehangi'S, between 
railway companies, or by any body of traders 
whose number is small but whose transactions 
are many and large. The example which mostly 
eoneerns banl\ ing is that of the London Bankers’ 
(bearing House, and an explanation of its opera- 
tion will sufficiently explain the effects of the 
whole system. 

The London Clearing House, originated by 
some private bankers, now includes nearly every 
important London bank, although (*ven now 
some very large institutions (notably the Scotch 
banks) are still without the pale of its operations, 
and consequently clear through the* agency of 
some other bank. The work of the Clearing 
House is divided into two sections — the country 
and the town clearing. 

Country Clearing. To trace the aorlual 
course of a document passing through this clear- 
ing will most readily show its working. A, a 
Bristol merchant, posts to B, a trader in York, 
a cheque on Bristol which B hands to C, his 
banker, for collection on, say, Monday. The 
same evening C posts the cheque to his London 
clearing agent D, and on the following day it 
is handed to E, the London clearing agent of 
the Bristol bank (whose name appears on the 
cheque), by D at the Clearing House, and for- 
warded the same evening to Bristol, where it is 
received on Wednesday. If the document had 
been received on Tuesday by the Bristol banker 
(F), direct from the York banker (C), with 
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value, and, as further division would result in 
inconveniently small gold coins, recourse is had 
(in this country) to the issue of silver and bronze 
tokens, which are not regarded as divisions of 
the standard unit, but act as it were as counters 
in place of these, occupying very much the 
same position to the standard coin that the 
beans of card-players, desirous of obtaining the 
excitement of playing for seemingly large sums, 
do to the pence for which, perhaps, a score of 
them afterwards exchange. Both silver and 
bronze coins issued by the Mint come within 
the third class, and both are only legal tender 
to a limited extent — £2 and Is. respectively. 

In the establishment of a system of coinage 
it is by no means necessary that the State should 
confine its standard coins to one metal, but 
may enact that coins of different substances 
may circulate side by side, either at a fixed 
or at a varying ratio, and be equally available 
as legal tender. The double standard has 
been brought prominently before the public 
by the advocates of bimetallism. 

Credit. Credit may be briefly described 
as a commercial lubricator, its absence having 
the same effect on commerce as the omission 
to apply the oil-can has on the powers of an 
express locomotive. It is not material wealth, 
but rather a transfer of it — e.g,, the existing mass 
of material wealth is not increased when a 
merchant hands over certain goods to another 
in exchange for a promise to pay at a future 
date. Credit allows material wealth to be 
employed to better advantage, and may release 
for the actual production of commodities that 
which was formerly engaged solely in their 
exchange. The advent of commerce having 
established in turn barter a,nd coined money, 
its progress creates a growth of credit, and 
credit substitutes for coined money, until, as 
in this country, the transactions which are 
carried through by their agency far exceed in 
amount those in which the older medium is 
still used. 

With their introduction, a new factor came 
into being. A seller who receives in settlement 
so many sovereigns will be quite assured that 
he can at any time exchange these for whatever 
he may desire, but he who takes in payment a 
paper promising to pay three months hence 
knows that ere that time comes the paper may 
be valueless, and, consequently, before taking 
it, he satisfies himself as to the stability and 
reputation of his debtor. 

Credit Movemente. In the course of 
business each merchant will usually become 
liable for a large sum, for the payment of which 
(although his assets may greatly exceed his 
liabilities) he is dependent on tho due settlement 
of similar accounts owing to himsolf by other 
traders. The banks will also be due enormous 
amounts to their depositors, most of which has 
been lent out at interest. In the ordinary 
coum of events all will go well ; but from time 
to time a suspicion may arise, either rightly or 
VTPongly, regarding one or more merchants, who, 
in combating it, will be called upon to prove 
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their solvency by the payment of their liabilities. 
They may be able to do so by drawing upon 
their bank balances, or by arranging fresh 
loans ; but, on the other han^ the matter may 
go further. Suspicion continues to spread, 
failures occur, universal distrust arises, and each 
one, fearful lest he may be the next called upon 
to establish his stability, takes precautions and 
endeavours to raise from his banW the amounts 
he deems requisite. The latter, however, is 
just then seeing his deposits diminishing, his 
reserves of coin disappearing (to make up the 
increased amount of money required for use), 
and finding that his securities are unsaleable 
and the debts due to him unrealisable. In 
short, unless confidence is restored, or a remedy 
found, a financial panic is imminent. The 
remedy for this country is dealt with later in 
connection with the Bank of England Discount 
Rate. 

Credit Cycles. Tho recurrence of such 
crises as the above occur at well-marked intervals. 
The bank reserves of a country may be high, 
universal confidence is felt, interest is low, 
loans can be obtained without difficulty — “ money 
is easy.” An element of speculation creeps in 
— encouraged, perhaps, by the anxiety of banks 
to lend their surplus funds — and rapidly spreads, 
until one day some speculators cannot meet 
their engagements ; suspicion soon becomes 
rampant, and a panic results. 

We have now to consider the various forms 
of Credit Documents. The substitutes for 
coined money divide themselves into five classes : 
(1) Note Issues ; (2) Cheques, drafts, etc., payable 
on demand ; (3) Currency Bills ; (4) Book credit ; 
(5) Clearing Houses. 

Note Issues. Notes fulfil in a greater 
measure tlip.n any of tho other substitutes tho 
functions of money, being in a manner a con- 
venient form of large token money. The 
methods of issue are many and varied: they 
may be either convertible or inconvertible, 
issued by tho State or by certain privileged 
institutions, with or without restrictions. 

What are known as Convertible Notes take the 
form of a promise to pay* the bearer on demand 
a certain sum in stan^rd coin, and against 
such issues an amount in coined money is held 
as a reserve. If the issue is unrestricted this 
amount will not equal the total issue, but will 
only represent that proportion which experience 
shows is necessary to meet possible demands in 
the ordinary course of business. 

Inconvertible Notes are simply circulating 
I O U’s with a safety mfi»rgin, no obligation 
being imposed on tho amount mentioned on 
each note. They may be quite unobjectionable 
if certain precautions are observed, but in every 
case they possess a dangerous tendency to over- 
issue. They are invariably tho result and sign 
of Governmental financial difiiculty, the odium 
of fresh taxation being avoided by tho receipt 
of the forced loan obtained through their 
issue. The results of inconvertible notes issued 
to excess are dealt with in a succeeding para- 
graph.' 



'Regulations as to Note leauea. The 

regulations imposed by the State on the issuers 
of convertible notes may remain unaltered even 
although the notes are made inconvertible, 
the only difference being that the obligation 
to pay in standard money on demand is delet(^d. 
The issue of each class may bo limited to a 
certain amount, a minimum reserve may bo 
stipulated for, or a reserve varying with the 
issue may be required. The reserve may be 
partly composed of securities, while the limit of 
issue, if any, may perhaps be exceeded on 
payment of a certain penalty. 

If through certain circumstances there exists 
in any country a good and a bad currency side 
by side, in the course of time the former will 
disappear and tlie latter become the solo money 
in usti. The explanation is not a difficult one if 
it is borne in mind that the coins of one county 
when exported are only worth what they will 
fetch as bullion. No one would, for instance, 
t'xport our silver token coina.ge to Franco so 
long as twenty shillings (which, when coined, 
can be excdianged for one sovereign) are only 
worth id)out half-a'Sovereignwhcn melted down. 
The coins chosen for export are those of the 
fullest weight and of the greatest value ; the 
inferior ones being again issu(‘d, to circulate by 
force of law at a rate above their intrinsic value. 

If the convertible issues of any country ar<' 
beyond what are ess(*ntial, th<‘y will be canc(‘llc‘(l 
by being returned for payment to the issuing 
banks by the other institutions into whoso 
hands they come. No such cancellation is 
possible in the case of inconvertible notes, 
which continue to circulate until they can bo 
used by some debtor of tJhe issuer in payment of 
his debt. 

Provided they can be readily exchanged for 
their face value in gold, no great harm can be 
said to be done, and if a large issue is made 
witnout this exchange becoming impossible, it 
follows that the currency was formerly insuffi- 
cient for requirements. An increase of incon- 
vertible notes, without depreciation, results in a 
rise in prices, and as the notes are readilv ex- 
(*hangeabl(* for their face value in gold, encourages 
imports from foreign countries. At the same 
time exports will be discouraged — goods which, 
owing to the rise in raw materials, are now more 
costly of manufacture commanding abroad but 
the same price as before. This encouragement of 
imports and handicap to cx]jortH (which will also 
be brought about by an excess of purely metallic 
currency) results in an unfavourable exchange 
and a probable export of bullion. We t-hall 
refer to this later under Gold Points. 

Additional Effect of Over-isaue. If 
the inconvertible notes are, however, issued 
to excess, they will become depreciated in value 
and will no longer exchange for their face value in 
metal. Almost every country furnishes examples 
of paper documents, which, while actively circu- 
lating, would exohai^e for only a fraction*-- 
Rometimes a most insignificant one — of the coin 
they were supposed to represent. By force of 
law, however, such paper is legal tender in 
payment of any debt, and consequently no one 
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is so foolish as to pay any sum in coin while he 
ha^ BO cheap a medium to his hand. As a result 
the whole of the transactions of the country are 
settled in paper, which becomes the sole cur- 
rency, the standard coins in circulation no longer 
fulfilling their function, being bought and sold 
wdth paper money as a commodity with a varying 
price. 

The amount of this credit money current at 
any time varies with the sum of the transac- 
tions which it is called upon to settle, whiU^ 
the cash reserves which act as a basis are 
quite insignificant when compared to the trans- 
actions which they support. A large increase 
or decrease in these can be settled by means 
of this eUudic currency without variation in the 
general range of prices. 

Bills of Exchange. The characteristies 
of bills of exchange place* them in a class midway 
between note issuers and demand documents. 
Issued in a similar manner to the* latter, they may 
pass through many hands before they become 
due — a practices that is reft‘rred to under the 
heading of the (\)ntin('n1al Demand for London 
Paper. 

The form of credit known as booh credit will 
b(‘ best explained by the example of two mer- 
chants — one in this country shipping British 
goods to an American correspondent, the latter 
in return sending him American article's. The 
entries in the books balani'C each other, and 
obviate the use of curre ncy in paymemt, limit ing 
it *at most to the settlement of a periodical 
difTercnce. 

The Gloaring House system is specially 
adapted to the^ settlement of bargains in 
wholesale markets, Stock Exchanges, between 
railway companies, or by any body of traders 
whose number is small but whosc^ transactions 
are many and large, l^he example which mostly 
concerns ban\ ing is that of th<^ London Bankers’ 
(bearing House, and an explanation of its opera- 
tion will sufficiently exjilain the effects ot tlus 
whole system. 

The I^mdon Ck'aring House, originated by 
some private bankers, now includes nearly every 
important London bank, although even now 
some very largo institutions (notal)ly the Scotch 
banks) are still without the pale of its operations, 
and consequently clear through tin* agency of 
some other bank. The work of the Clearing 
House is divided into two sections — the country 
and tlie town clearing. 

Country Clearing. To trace the a(ytual 
course of a document passing through this clear- 
ing will most readily show its working. A, a 
Bristol merchant, posts to B, a trader in Vork, 
a cheque on Bristol which B hands to C, his 
banker, for collection on, say, Monday. The 
same evening C posts the cheque to his London 
clearing agent D, and on the following day it 
is handed to E, the London clearing agent of 
the Bristol bank (whose name appears on the 
cheque), by D at the Clearing House, and for- 
warded the same evening to Bristol, where it is 
received on Wednesday. If the document had 
been received on '[^esday by the Bristol banker 
(F), direct from the York banker (C), with 
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instructions to remit the amouift, he would pos- 
sess at law the option of holding over the cheque 
until the following day, Wednesday. In order 
that a cheque passed through the London Clear- 
ing House may be placed on an equalit}^, this 
option is, by the clearing rules, not permissible 
with cheques passed through the clearing. If 
unpaid on Wednesday, F returns the cheque 
direct to C, and sends concurrently to E an 
advice of non-payment. If on Thursday 
morning this is not received by E, the cheque is 
assumed to bo paid, and the amount k paid by 
being carried into the town clearing of that day, 
the operations and settlement of which are dealt 
with in the next paragraph. The necessary entries 
are passed by the banks concerned through their 
agency accounts, and the transaction is settled 
without the intervention of a single coin. 

Town Clearing. To deal with the 
clearing a separate department is formed in 
each clearing bank, and to this department is 
handed all documents which can bo passed 
through the Clearing House. These they enter 
under the headings of the other clearing banks, 
the total received during the day being after- 
wards agreed with the other departments. 
After being thus entered, the documents are 
forwarded by messenger to the Clearing House 
in Post Office Court, and there handed to the 
representative of the bank on whom they are 
drawn, and by him entered in a similar manner. 
At the close of the day the books written up at 
the offices of the delivering banks are com- 
pared with those made up at the Clearing House 
by the representatives of the receiving banks. 

.When the various balances have been agreed 
and any returned documents from head offices 
accounted for, the representative of each bank 
enters on a form provided the balances duo to 
or by his bank to each of the others, bringing out 
the final balance either due to or by it. The final 
balances thus arrived at must liquidate each 
other. Each clearing bank keeps an account 
at the Bank of England, and a settlement is 
accomplished by the debtor banks paying into 
a special settlement account t.t the bank from 
their own accounts the amount^j due by them, 
and from this account the sums due to the creditor 
banks are taken and credited to their accounts 
by the bank. In this way the settlement of 
transactions to the extent of £12,287,935,000 
was in 1905 effected without the agency of a 
solitary penny piece. The offices, cheques drawn 
on which are included in the town clearing, com- 
prise the head offices, the City branches, and 
most of the suburban ones. 

Internal Trade. The natural advance 
of commerce in any country results in the 
territorial division of labour, some counties, 
by reason of natural resources, devoting them- 
selves to those industries in which the expendi- 
ture of a large capital is necessary, while that 
required for &ose peculiar to other parts may be 
comparatively small. Assuming an equal rate of 
profit in either case, it will be found that while 
in the second class the resulting surplus cannot 
bo employed in the place of origin, the first class, 
so for from being in this position, can actually 
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utilise the surplus of the second. In addition 
to the consequent constant flow of capital from 
one part of the country to another the actual 
trading business may, in certain instances, have 
a somewhat similar effect. For example, a 
manufacturing town (whose productions are 
exported to foreign countries) pu^’chasing the 
raw materials required in some other part of 
the country, will bo constantly in debt to that 
locality from which it draws its raw materials. 
The methods by which the necessary transfers 
are made will bo treated when deeding with 
the Branch System. 

International Exchange. The factors 
in the trade between any two countries, and 
the methods of settlement, present a greater 
complexity than those relative to internal trade. 
At the outset we find that in nearly every case 
the currencies employed are dissimilar, and that 
between two countries possessing the same 
standard there exists what is termed a Mint Par. 

This is a figure which represents the ratio 
between the amount or weight of fine metal 
contained in the standard coins of the two 
countries in question, the mint par between this 
country and France is 25*2215 — simply meaning 
that in 25*2215 francs in French gold coinage 
there is contained the same amount of fine gold 
as in an English sovereign. A mint par is 
mechanical and fixed, and can only exist between 
countries possessing the same standard. 

There are four individuals in ep,ch exchange 
trans-^ct on. The truth of this phrase will 
be apparent from the following example. If 
A in Paris owes X in London £100, while Z 
in London owes B in Paris an equal amount, 
the double indebtedness will be cancelled by 
B drawing a bill on Z, which he sells to A 
for a certain number of francs, and which, after 
being remitted by the latter to X in payment 
of his debt, is paid on presentation by Z, who 
thus satisfies his debt to B through the medium 
of A and X. This is, in substance, the working 
principle of every foreign exchange transaction, 
the only possible difference being the increase 
of the parties intervening between Z and B. 

Gold Points. Assuming the indebtedness 
of the countries to be equal, the resulting 
equality of supply of, and demand for, bills will 
cause the sight rate to be quoted at the mint 
par. If, however, it occurs that in Paris there 
are more debtors than creditors of this country, 
the demand for bills will exceed the supply. 
Those indebted to London have two methods 
of payment open to them — they may either 
remit bills purchased in Baris, or they may ship 
sufficient bullion to liquidate the debt. The 
latter course will entail a certain expense, say 
of 10-12 centimes per £ ; so that to put down in 
London 25*2215 francs in French gold coinage, 
equivalent to one sovereign, the merchant in 
Paris will expend 25*3215 or 25*3415 francs. 

He will certainly not do this if he can purchase 
a bill on London for £1 at a better rate, and 
accordingly the matter resolves itself into a 
struggle between buyers and sellers, in which 
the price of a bill for £1 on London (expressed in 
£Vench francs) continues to rise until it reaches 
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that point at which it is as profitable to ship 
bullion, unless in the rise a sufficient number of 
buyers drop out, hoping for a more seasonable 
opportunity, or a number of dealers in arbitrage 
[see later] enter the market as sellers. An excess 
of creditors of London in Paris would, of course, 
influence the exchange in the opposite direction. 

Gold Points not Fixed. The two gold 
points between two gold standard countries 
can only be determined approximately, the cost 
of shipping and insurance varying, while other 
influencing factors may exist. The point at 
which gold leaves France and Germany for this 
country is, owing to certain restraints exercised 
by them, less easily reached than that at which 
gold leaves us for them. 

If the rate of the Frtmch exchange should be 
quoted in the money column of the newspapers 
as approaching the point at which gold will leave 
this country for France, the City editor will no 
doubt remark upon its 'unfavourable asjject; 
while, if the rate is given as 25*25, ho will refer 
to it as being in our favour. These terms ove 
their origin to an exploded theory in political 
economy, but their present meaning and signifi- 
cance is wholly wrajjped up in the fact that, when 
there is no danger of gold l(‘aving this country 
reserves will be high, interest low, and trade 
encouraged ; while, if an export of bullion is 
threatened, an entirely opposite state of affairs 
will exist. The subject is further treated in dealing 
with the Bank of England Discount Rat(i. 

The main elements in “International In- 
debtedness ” are the imports and exports between 
the countries concerned, but in th(‘ ease of 
nations such as ourselves, possessing a large 
amount of shipping, freights earned by such ship- 
ping affect veiy greatly the balance of trade. A 
British vessel transporting a cargo of machinery 
to Hamburg will, if the transaction is to be eom- 
pletely settled, require on the return voyage* to 
carry a quantity of, say, grain, tliat will, when 
realised, liquidate the claim of the British engineer 
and the shipowner’s charges for the double 
voyage. The vast sum of money invested abroad 
by tlus country possesses also a great influence 
on the exchanges. 

Effect of Loans on Exchanges. Tlie 
lending country may remit to the liorrowing 
country the amount of a loan in one or all 
of three ways — either by the export of some 
products or bullion, or by the extinction of an 
already existing floating indebtedness. The 
effect on the exchange in each case will bo exactly 
similar — it will become more favourable to the 
borrowing country ; but, on the other hand, when 
the first instalment of interest is due, and on 
each subsequent payment, the exchange will be 
influenced in favour of the lender. 

Other influencing factors comprise subsidies, 
indemnities, expenses of foreign travel, the cost of 
fleets and garrisons in foreign stations, and the 
purchase and sale of foreign securities. In addi- 
tion, one important factor remains — namely, 

Conti 


^e operations of arbitrage. If some dealers 
in exchange in Paris are of opinion that in the 
future the London sight rate will fall greatly, 
they will, by arrangement with their London 
correspondents, sell largely bills drawn on the 
latter, hoping to be able to extinguish the over- 
drafts thus created by purchases at a cheaper rate. 
If an arbitrage firm are able to sell a bill for £1 
on London for 26*27 francs, and next week buy 
a bill for the same amount (to recoup their 
London friends) for 25*20 francs, they will have 
gained a profit of 7 centimes per £1, less interest, 
etc. In doing so, thov will, in the first place, reduce 
the high rate by selling, and, secondly, raise the 
low rate by buying. 

Position of the Banker in Commerce. 

The functions of the banker in commerce are 
very much akin to those of the mortar em- 
ployed in the construction of a large building, 
without which somewhat insignificant -looking 
agent the gigantic fabric would be non-exisUmt, 
for in like manner the bank officials in this 
country, in th(» performance of what is largely 
commonplace routine, cement together the 
trading communities of the whole world. So 
great is the dependence of present-day commerce 
u)K)n the facilities and conveniences afforded by 
banking institutions that even the total des- 
truction of our railways would not equal th(* 
effect produced by the complete cessation of 
banking business. Banking may be considered, 
according to the inclination of the individual, 
(*ither a trade or a profession, but in reality the 
former term is more correct, for, although not 
actually dealing with the products of commerce, 
the banker ’trades in the commodities on which 
commerce is dependent — money and credit. 

Functiotis of a Banker. The most 
widely spread of banking functions is the 
practice of note issue. In all new countries 
— even though they be possessed of unrivalled 
natural resources — there is usually felt a lack 
of circulating medium. The expenditure of a 
large amount of their available capital in the 
establishment of a system of metallic currency 
does not meet with any favour in their eyes, whik* 
at the same time the openir^ of branch banks 
in a sparsely-populated er ntry is rendered 
impossible on account of expense. To all such 
countries a good note issue, more especially a 
carefully-managed unrestricted one, is of the 
highest value, combining in itself at one and the 
same time an economical currency, a convenient 
form of internal remittance, and a factor in pro- 
duction which, although in itself valueless, may 
be the means of laying the basis of a far-reaching 
commercial greatness. [See Sr otch Banking ] 

The system in vogue in France at the present 
day partakes of this form to a great extent, while 
that function which is most in evidence in bank- 
ing in this country (that of deposit) is com- 
paratively neglected, the issues of the Bank of 
IVance taking the place occupied in this country 
by the cheques of private individuals. 
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the Local Papers. Helpful Exercise. Preparing: the Way for a Success ful Career 


By ARTHUR MEE 


T^HERE are many gates through which the 
* candidate for journalism may enter the pro- 
fession. So simple is the passing through them 
that the ways and means of doing so need only 
brief mention. They will ho apparent to the 
young man destined for journalism, the young 
man of more than average capacity, and it is 
entirely with him that we have to deal. 

The First Thing to do. For journalism 
has no room for men whose mind and character 
are not above the average ; no room, at any 
rate, at the top. 

We have nothing to do here with the 
young man who wants to muddle through. The 
Seij'-Edikjator is conceived and edited and 
written for the young man uho believes that 
whatever he does is worth doing successfully, 
that if ho is not doing it successfully he had 
bettor leave it alone and succeed at something 
else ; and this course of journalism is wrilten for 
the young man who would be a journalist in 
earnest, who wishes to be somebody worth being, 
and to do something worth doing. 

To this young man, as he looks round on 
leaving school and makes up his mind to be a 
journalist, the course will be clear. H<5 should get 
at once into touch with the nearest editor. 

The very obviousness of this is one of the most 
wonderful things about the career upon which 
he is entering. If he had made up his mind to 
be a doctor, or a lawyer, or an architect, and 
the Self-Educator had not come into existence 
to help him, he might have boon bewildered by 
the difficulty of obtaining the simplest informa- 
tion, the expense of examinations, and the long 
period of waiting. 

But it is safe to say that there is not a young 
man in England with the possibility of becoming 
a journalist into whose home there does not come 
at least once every week the very vehicle through 
which he may set out for his goal. We have dis- 
cussed the democracy of journalism, and there 
is no more remarkable thing about this fascinating 
career than this, that we can train ourselves for 
it in our own homes, in every day that we live ; 
that wherever we are we may equip ourselves for 
it, without any conscious effort, by ordering our 
lives naturally and reasonably and well. No 
course at a college is necessary, no costly period 
of apprenticeship. The training of him who 
would be a journalist is in his own hands. 

The Study of Local Life. What, then, is 
the first thing that he should do ? He should 
study the local papers and familiarise himself with 
the things with which they deal. He should 
make it his business to understand the village 
or town in which he lives, to let nothing 
happen in it of which he does not know ; to 
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interest himself in all its social and industrial 
developments ; to be in touch, somehow, with 
all its active movements. He should lose no 
opportunity of discussing any subject of local 
interest. He should learn to understand the 
various points of view, the ideas that lie below 
things, to know the interesting personalities in 
local affairs, and what they stand for. The life 
of the town is the best training-ground he could 
possibly have, and by taking full advantage of 
the opportunities it affords, he will be living 
naturally and preparing himself at the same 
time for his career. 

There are, of course, various definite prepara- 
tions that he should make. Ho will naturally 
have learned shorthemd. Any boy of average 
intelligence can learn shorthand from the Self- 
Educator in six months. H(5 will have thor- 
oughly grounded himself in grammar at school, 
have mast-ered the art of jiunct nation, have leame< I 
to write plainly and without flourishes. He will 
read books as well as papers, and will not waste 
the tim(‘ ho should spend in study in watching 
men kick a ball about. He will not turn to the 
sporting page the moment he takes up a paper, 
but will have a sense of the real value of things, 
and know that a consuming passion for sport is 
his enemy. 

What to Read and Learn. Such 
things as these must be obvious from the 
very beginning, and it will help him greatly 
to study the scientific and literary sections of 
the Self-Educator. He cannot, indeed, be too 
strongly advised to study this book closely, with 
special attention to the following subjects : 


Biology Religion 

PsYCHOLotiY Chemistry 
Sociology Geography 
Logic History 


Ideas 

Literature 

Physics 

Physiology 


Philosophy Applied Education Travel 


It need not be said that a sound knowledge of 
his own language is essential, and he will do well, 
even if he possesses this, to study the course on 
English in the Educator. If he can learn 
French and German, too, he will add greatly to 
his opportunities ; at any rate he should learn 
French. The value of a &owledge of languages 
is so apparent that it is not necessary to emphetsise 
it ; but it is strange that editors should feel more 
and more the necessity for emphasising the im- 
portance of a knowledge of our own language. 
It is an amazing thing that the number of people 
who can write a sensible and interesting letter is 
only a small proportion of those who would be 
hurt not to be called educated ; and an editor’s 
experience compels him to believe that the 
average man finds it exceedingly difficult to 
express himself clearly in writing. It is a common- 
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place that men whose conversation is packed 
with interest are often unreadably dull when 
writing, and the young journalist cannot regard 
this subject too seriously. It is the very essence 
of successful journalism that a man shall be 
intensely interested in things, and shall be able 
to make other people as interested in what he 
loiows as he is himself. 

The Art of Expression. The question 
of “style” in writing can bo left to settle 
itself. If a man does not write plainly he 
will soon discover the fact by finding that 
journalism does not want him ; and if he, a 
round man, insists upon trying to fit himself into 
a square hole he will be entirely to blame for 
the consequences. We shall have to discuss this 
que^stion later ; it need only be touched upon 
here to explain how the journalist may help 
himself to master tlio art of literary expression. 

He will find the best opportunities for doing so 
in th<» local papoi*8 themselves. He is almost 
sun^ to find, wherever he is, one paper that giv<« 
long accounts and another paper that giv'es 
short accounts, and he will find it a very profit- 
able exerciser to take th(‘ long ac.count of a 
ceremony, or the long report of a speech, from’ the 
one paper, and condense it to the length of the 
short report in the other paper. Let him take a 
column and condense if to a pfiragraph, without 
losing any vital point of argument, and with as 
little sacrifice of interest as possible. He should 
learn, also, to summarise a speech in longhand, 
vTiting it as it is delivered, and for oxqrcise of 
this kind he will find a knowledge of the abbre- 
viations us(*d in journalism of great service. Wo 
come to tliera in the next few pages. 

The question of personal fitness for newspaper 
work will decide itself quickly for the young 
man who is sensible enough to realise his own 
capacities or honest enough to recognise his 
limitations. But it will save a great deal of dis- 
appointment if the candidate for journalism 
tests himself in some main points before 8c<*k- 
ing to enter the profession. There are some 
specific tests we may quite t^asily apply to 
ourselves. 

Object Lessona. We may make a 
newspaper an object-lesson — may ask ourBclv<*8 
if, had we ediU^d the })aper, we would have 
passed this or sanctioned that ? W(^ may com- 
pare the length of two articles, and form our 
own opinion of their comparative values. We 
may consider the appropriateness of the 
headings, and ask ourselves if we could improve 
upon them. We may compare par)er8, and 
note where one succeeds and the other fails ; 
we may study them closely and discover for 
ourselves the reason why people buy one and not 
another. Best of all, we may prepare our own 
map of the life of the town on any given day or 
in any given week, and compare it with the corre- 
sponding daily or weekly paper. It is possible to 
obtain quite an intimate knowledge of the way 
in which newspapers deal with events by con- 
stant exercise of this kind. 

The regular practice of shorthand is essential, 
and no bitter method of practice can be devised 
than constant attendance at public gatherings 


of all kinds. The young journalist should never 
fail to take advantage of an opportunity of 
making notes. His notebook and pencil should 
be as essential a part of his outdoor equipment 
as his hat. He should take down speeches and 
sermons, and it will be better still for him if he 
has opportunities of making notes of conversa- 
tions. If he has friends who are interested in his 
progress, they could, perhaps, do him no better 
service than to let him interview them on some 
topic in which he and they are int(»rested. 

Early “Copy.” Another experience the 
young journalist may give himself will bo very 
UHoful to him one day if ho practises it early. 
Ho should learn to writ{» exactly a column of 
his favourite newspap(»r, or exactly a paragraph. 
One of the most elementary faults of incapable 
journalists is the inability to write as much as 
they are told to wite, and no more. It is 
surprising to find that even qualified writers 
when asked for a 1,0()0 words will oftem write 
1,500, and if asked for a paragraph will write 
half a column. 

Every day will bring its own events for the 
journalistic mind to exercise itself upon. I'Jie 
things of universal interiwt are the things that 
the average man talks about, and the young 
journalist should wriU* a short ac(‘Ount every da)^ 
of something he has hoard, or seen, or j)(»rhaps 
read. He should make it his busim'ss to discover 
the most interesting aspect of all th»it hapjxuis. 

Ho will find, if he belongs to the i‘kjot of 
journalism, that the thought will constantly 
<‘ome to him, “ Here is copy for a pajM^r,” and 
at all such times lie will make a notr^ and write 
a paragra]))i. Those paragraphs he will submit 
to the (^dito"' of the jjapei’ in which he is most 
interested, to whose columns ho has adapted 
them. There will in this way grow up between 
him and the editor a channel of interest which 
will servo him better than any introdiujtion when 
he comes to seek an actual engagement. 

In Touch with the Editor. He will 
find that the connection thus established is the 
best of all possible introductions to a newspaper, 
and he will find, if ho lives with his eyes open, 
abundant ofiportunitics of helping the paper by 
Ht'iiding reports of evtmts which it has missed 
through not being notified. If ho is identified 
with a church or chapel, with a trade organisa- 
tion, or with any social movement, occasions for 
giving the paper such help will be by no means 
few or far between. The time will probably 
come when, on a busy day, the editor will want 
special help, and his inclination will bo at once 
to call upon his outside contributor. If he 
should live in the country he would have no 
difficulty in obtaining an appointment as local 
correspondent at a fixed rate of pay measured 
by the work done, usually a penny a line for 
all that is published, with a minimum payment 
of half a crown. If he should live in the town 
where the paper is published he may have 
to wait longer, but an enthusiastic cultivation of 
opportunities will bring its reward at last. 
Hardly a day passes in which it is not possible 
for a young man with the ability to write to 
send in an acceptable paragraph to a paper. 
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Education by Travel. Tb« young 
joumftlist need not trouble about a university 
education. He need not ^ptae it if the oppor- 
tunity should com© to him, but if he should 
have the choice, say, of going to a university 
or of travelling for a year, he will be wise to 
travel. “ The only thing against him,” a news- 
paper proprietor said in discussing an applicant 
TOT a post, “ is that he has been to a university.” 
And it was merely an extreme way of putting 
the truth that a university career does, unfor- 
tunately, too often detach a man from that side 
of life which comes very closely into journalism. 

The opportunities of popular education are bo 
great in these da3rs that no man need go to a 
university to become a successful journalist, 
and it is impossible that two years in any uni- 
versity can contribute to his capacity for 
journalism an3rthing at all comparable in value 
with the result of two years of contact with men 
and affairs, or two years of actual experience in a 
newspaper office. 

Having assured himself of his fitness for the 
work, the young journalist will not wait for an 
opportunity to present itself. He should writi^ 
to the local c'ditor an soon as he feels that ho 
has any real capacity to justify him. If ho is 
fortunate, he will probably be asked to call and 
serve a little while on trial, preliminary to 
becoming an apprentice. Ho should accept a 
proposal of this kind with great satifdaction. 
Once the gate is open, his future lies with himself. 

But ho should pay no premiums ; and in no cir- 
cumstances should ho pay down a sum of money 
for the privilege of learning journalism. The offices 
in which this would be insisted upon are seldom 
capable of teaching journalism. Nor should he 
become — ^unless, perhaps, in some small town it 
may be quite inevitable — a “ reporter-comp,” a 
reporter, that is, who sets up his own copy. 

Sleepy Papers. It may be well, perhaps, 
to prepare the young journalist for some dis- 
appointment in beginning his career. He may 
find himself on the staff of a paper which does 
not fire his imagination or fill him with any 
stirring hopes, and he may be inclined to ask 
himself if, after all, journalism is the mighty 
thing that it is claimed to be. If ho is wise, he will 
not allow himself to be depressed by any environ- 
ment in which he may find himself placed. It 
happens often that a newspaper is the least 
representative thing in the town in which it is 
produced ; just as it happens that a portrait is 
utterly unlike the man who sat before the camera. 
But a bad newspaper is no more a denial of the 
imagination ana power in journalism than a bad 
photograph is a denial of the possibilities of 
photography. 

The true attitude of a young journalist who is 
wide awake on a sleepy paper is one of philoso- 

g hic patience. He must use the best machine 
e can find for initiating himself into the mys- 
teries and difficulties and potentialities of a 
newspaper, and it may, indeed, happen that the 
very best field he could desire for his earliest 
work is just such a paper as we have con- 
sidered. If he is attached to a paper which 


works him Hard and pays him iB, that at least 
will teach him patience. If he joins a staff 
which is far too small, tl»t at least mil give him 
opportunities of distinction. If he joins a staff 
which needs lessons in enterprise, that at least 
will enable him to display originality. 

The Young Journalist's Environ- 
ment. It is unfortunately true that newspapers 
are often the commercial property of men who 
know nothing of journalism, who care nothing for 
its immense possibilities, its traditions, or ite 
dignities. To many proprietors a newspaper is 
an article of commerce like soap, and nothing 
more. There are newspapers which send out 
ungrammatical advertisements every time they 
have a vacancy, and there are papers with a 
hundred glaring faults which we shall discuss 
in their place. But there are few ideal things 
in an unideal world, and only a pessimist will 
allow himself to bo utterly depressed by it. And 
the p(‘ssimist has no business to be a journalist. 

As sometimes the office in which the journalist 
finds himself is disappointing, so, too, the atmo- 
sphere of local journalism may fill him with 
despair. Too often it is the atmosphere of a 
third-rate club, with beer and skittlas and a 
favourite room at a public -house. There is 
something, perhaps, in the conditions of journal- 
ism which brings about this state of things. 
Long hours, irregular meals, strenuous mental 
exertion combined often with great physical 
activity, are not the natural factors in an equable 
and steady life. But the good journalist will rise 
above the vulgar conditions in which he will 
often find himself placed. He will not (tllow 
either his pride in his calling or his outlook on 
life to be prejudiced because sometimes, Eome- 
how, it happens that newspaper men write their 
copy in the back parlour of a public-house and 
dissipato the hours of sleep in bad clube and 
bad company. 

The Unprosperoua Tenth. General 
Booth has familiarised us with the idea of the 
submerged tenth. There is an unprosperous 
tenth in journalism, to which it is all too easy 
to belong. Who wants to join it may ; it is a 
characterless army, with no high patriotism to 
inspire it, no great cause to serve. To it belong 
many figures sadly familiar in Fleet Street, 
and in the newspaper haunts of our great towns. 
No profession, surely, had ever more failures. 

The young journalist, however, need not de- 
spair. There are sadder things in the world than 
the wreck of a man who has played with a serious 
profession. There are sadder things, even, than 
the man who fails because he chooses a career for 
which he is unfitted, who takes no heed of the 
warning which must come while still there is time. 

The young man who comes into journalism 
bearing in mind all that we have considered 
together, testing himself in the ways we have 
discussed, full of enthusiasm and hope, eager to 
pick up an idea, to catch a thought, to feel an 
inspiration, to know the most that he can know 
about the best things worth knowing, may go for- 
ward without fear. With a full mind Mid a soul 
alive he will make his way and reach his goal. 


Continued 
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a fish floats in the water so does a balloon 
float in the air. When the fish diHtendtt its 
air-bladder, it becomes lighter than the water, and 
rises ; when the fish compresses its bladder, it 
becomes heavier than the water, and sinks. 
When a balloon is inflated with a gas so that 
it is lighter than the air, it rises in the air ; 
when it loses some of its gas and becomes heavier 
than the air, it sinks to the earth. 

Air at ordinary temperature weighs 75 lb. 
for 1,000 cubic ft. Hydrogen, coal gas, and hot 
air, are all lighter than the ordinary atmosphere, 
and are used for the purpose of inflating balloons. 
Hydrogen weighs only 6 lb. for a similar quan- 
tity, and is so light that there cannot be much 
advantage for the purpose of balloon inflation 
in discovering anything lighter, for the lilting 
power of hydrogen in air is 70 lb. per 1,000 (;ubic 
ft. For economical reasons coal gas is now 
largely used for ballooning purposes. It has a 
lifting power of 40 lb. per 1,000 cubic ft. 

The system of obtaining levity by means of 
heating the air itself is. practically successful, 
although it is considerably less efficient than 
the gases already mentioned. For each degree 
Fahrenheit that the air in a balloon is raided, 
it increases in bulk, so that should the 
temperature be raised 100 degrees the bulk has 
increased about one-fifth, and has a lifting power 
of 12 J lb. per 1,000 cubic ft. In practice it 
may be possible to raise the temperature to 
150 or 200 degrees higher than the surrounding 
air, so that a lifting power of 25 lb. per 1,000 
cubic ft. may be obtained. 

To lift 70 lb. weight in air a sphere of 
1,000 cubic ft. of hydrogen is required 12 ft. 
in diameter. 

Materials for Balloons. The whole 
bulk of the inflated balloon and its load must 
be lighter than an equal bulk of air. The 
simplest form of balloon that can be imagined 
is the soap bubble. Experiments may easily 
be made with soap bubbles inflated with ordinary 
air, or with coal gas, or pure hydrogen. Small 
scientific balloons are sometimes made of a 
dry film of collodion, most delicate and fragile 
articles of 2 in. or 3 in. diameter which ascend 
when inflated with their quota of coal gas 
or hydrogen. Indiarubber toy balloons are 
made in sizes up to 60 in. in circumference. 
They may be inflated under tension with air, 
coal gas, or hydrogen, and are suitable for 
experimental as well as recreative purposes. 

Paper Fire Balloons. Tissue paper is 
used to construct balloons of from d ft. to 50 ft. 
in circumference on the hot<air system. A large 
aperture is left at the bottom of the balloon, 
surrounded with a circle of cane or wire. A pad 


of cotton wadding is attached in the centre of 
this circle by means of cross wires. When this 
pad is soaked with methylated spirit and ignited, 
a flame of suflicient power is formed to heat and 
rarefy the air in the balloon to such an extent 
that the balloon readily ascends and, in the case 
of the larger sizes, is capable of carrying con- 
siderable weight. 

Gold«beater*s-aKiii Balloons. Gold- 
l>oatcr*8 skin forms the substance of which the 
most practical model gas balloons are made. 
This animal membrane makes a strong, light, 
and gastight envelope which is easily inflated 
with ordinary coal gas or hydrogen at the 
ordinary atmospheric pressure. Tht^ skin is 
us(‘d single for the very smallest balloons, for 
tho:.o of from 12 in. to 24 in. diameter. For larger 
sizes the skins are employed double, treble, or 
manifold, and are caused to adhere in the process 
of manufacture in such a manner that the whole 
balloon appears seamless, however large and 
thick it may be. Double' and treble skin balloons 
are made from 2 ft. to 10 ft. in diameter for use 
with coal gas or hydrogen, and in larger sizes 
they are used in manifold skin by the British 
Government for military reconnoitring purposes. 

Passeng^rr Balloons. The materials, 
however, which are usually used for balloons to 
carry passengers are cotton or silken fabric coaU^d 
with an oil varnish which forms a film over the 
fabric and thereby completely closes the poreii, 
and enables the envelope to hold gas. A proofing 
of vulcanised indiarubber is sometimes used ; this 
is gastight, and free from tackiness, but somewhat 
costly. The varnished fabric is generally preferred 
owing to the fact that another coat of varnish is 
easily applied when needed, and renders the 
balloon again perfectly gastight. The network 
which is spread over the gas balloon naturally 
strengthens the material besides achieving its 
direct object of equalising the strain of the weight 
whi(;h is carried uniformly over the surface. 

Hot-air passenger balloons are made of cotton 
fabric strengthened with webbing sewn over the 
surface, coated inside with a distemper earth 
colour, and without the netting of the gas balloon. 

Smallest Man - carrying Balloons. 
We have explained that the lifting power of 
hydrogen is 70 lb. per 1,000 cubic ft., so that 
5,000 cubic ft. will lift 350 lb., and a balloon 
containing this represents the minimum size that 
will carry a man. The 350 lb. may be divided 
up into the proportion of 150 lb. for the total 
weight of the balloon and its equipment, and 
200 lb. fer the weight of the man, ballast, and 
lifting power. This represents a balloon of 
slightly more than 20 ft. diameter, which must 
be regarded as the midget of all aerial craft. 
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For coal gas the irreducible minimum would 
be 10,000 cubic ft., which is represented by 
a sphere of 26 ft. diameter. The minimum for 
a hot-air balloon is considerably greater, and in 
practice never less than 30,000 cubic ft., repre- 
senting a vessel of 35 ft. in diameter. 

Shape of Balloons. The spherical form 
is the most natural shape for a balloon. The 
pear-shaped balloon, comprising a perfect sphere 
with a gracefully tapered neck, has some advan- 
tages of utility as well as appearance, and is 
frequently adopted. 

The obvious advantages of the elongated 
forms used for navigable balloons or airships 
are obtained at the cost of considerable increase 
of surface and therefore of weight. 

We shall now proceed to describe in detail the 
passenger balloon and its appliances. It con- 
sists of a number of gores sewn together by a 
sewing machine, and afterwards completely 
varnished to render it impervious to the coal gas 
which it is to contain. Its size varies with the 
weight it is to carry. In capacity, approximately 
10,000 cubic ft. is required for each passenger 
to be lifted. Taking a balloon, therefore, of 50,000 
cubic ft. as a model, this is capable of carrying five 
persons and a proportionate weight of ballast. It 
would have a diameter of 45 ft., bo constructed 
in pear shape, and have an aperture at the 
bottom, and another at the top to contain the 
valve. 

The Valve. The valve [1] consists of a 
bent ash hoop (A) of approximately 2 ft. 6 in. 
diameter, made of wood about 3 in. by | in. It 
has a cross-bar of mahogany (C) which crosses 
its centre, and to this bar are hinged two semi- 
circular mahogany doors (B, B) which open 
inwards, somewhat after the style of the wings 
of a butterfly. Fitting into the bar, and made 
•emovable, is a w’ooden bridge (D) which carries 
an elastic spring (E, E), and this elastic spring 
retain^ the doors in a closed position by means 
of metallic hooks which pass through eyes into 
the doors themselves. The effect of this 
arrangement is that the doors are normally 
closed. 

The valve line (F) is attached to the under side 
of these doors from two points in each door. The 
four cords which leave these points join the valve 
line itself a few feet down, and hence one line 
only continues downwards through the aperture 
or mouth, which is always left open while the 
balloon is sailing in the air, to within reach of the 
passengers in the oar. When the line is pulled 
irom below, the doors are naturally opened, 
and when the line is released they immeaiately 
close by the force of the springs, so that the valve 
may be opened and closed at the will of those 
in the car. The valve is attached to the lop of 
the balloon by being firmly whipped on with 
cords which pass over a collar of the material 
prepared for its reception. This collar is also 
strengthened, both underneath the cord and for 
some distance over the surface of the balbon, by 
means of an addition of leather which is shaped 
in regular festoons, and then sewn on. The 
valve is rendered gastight at the joints by 
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means of lute,” a composition of soap and fat, 
forced into the crevice so as to seal it. 

Netting. Made completelv to cover the 
balloon proper is the net) the object of which is 
to carry the entire weight that is to be suspended 
from the balloon. It divides the strain very 
evenly over the whole surface, and it also plays 
an important part in the inflation of the enve- 
lope, enabling a large number of sandbags to be 
hooked on, thus retaining and steadying the 
balloon during inflation. This net is made of 
Italian hemp, and consists of a large number of 
meshes, which vary in number with the size of the 
balloon. In the model we have selected there 
would be 128 of these meshes. In size they 
would start at about 6 in. at the top, and slowly 
increase as they descended, until at the largest 
point they would be about 12 in. in length, which 
would make each diagonal nearly 24 in. from top 
to bottom. 

The cordage would slightly increase in strength 
downwards, being rather lighter at the top than 
at the bottom. From the bottom of the net the 
meshes take a somewhat altered appearance, 
and are lessened in number and greatly increased 
in length for throe rows. 

These rows of the network are no longer 
meshed, but are known technically as douhles. 
From the lower of the three doubles, which are 
not knotted like the ordinary meshes, but run 
on brass thimbles, start the 16 leading lines 
which lead towardis the hoop. Ail the meshes 
are confined at the top within a circle or 
grummet of rope, and this is held in position 
round the valve by means of eight straps, which 
are securely fastened to the rim of tne valve. 
The net rests evenly all over the balloon, and 
supports the weight by means of its leading 
lines, which are fixed over the toggles of the 
hoop. 

The Hoop. The hoop is an important 
feature of the balloon, and is made strong enough 
to stand great strains. It consists of bent ash 
about 1 in. in thickness, by 4 in. wide, formed 
in a circle of 3 ft. in diameter. Encircling its 
entire circumference is a woven hempen band, 
made of a number of cords and known as atoord 
maUing owing to the fact that when made by 
sailors on board men-of-war swords were used 
in its construction. It is simply a webbing, 
made like ordinary fabrics with the warp and 
the weft of hempen cordage. Its use is to act 
as a security in the event of any excessive strain 
breaking the woodwork of the hoop. 

The toggles — shaped pieces of hard wood, 
which are 16 in number at the top — are attached 
to small pieces of rope which pass round the 
wood and sword matting. Thw afford a simple 
yet sure method of attaching the net by means 
of the eyes spliced at the ends of the leadmg lines 
being placed over them. 

There are ten somewhat larger toggles at the 
lower portion of the hoop. These are also fixed 
to circular pieces of rope encircling the hoop, 
and serve as a means of attaching the ten car 
lines in the same manner as the leamng lines. In 
addition to the wood, the sword matting, the 
toggles, and their grummets, the hoop has two 
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ropes crossing its full diameter at right angles. 
From epich of the joints where these join the hoop, 
loops are attached to which the grapnel rope, 
trail rope, captive rope, or any other rope by 
means of which the balloon is held, ce.n bo 
fixed. 

The Balloon Car. The cp.t consists of a 
rectangular wicker-work construction, measuring, 
say, 6 ft. by 3 ft., and having a depth of 3 ft. 
The ten car lines with which it is suspended pfi»ss 
right through the wicker-work underneath the 
ftoor end up the two sides so as to form a strong 
and efficient means of holding the weight. 
Wooden or wicker seats are slung from loops 
in the car. 

Loops are a,lso provided through which the 
valve line may be passed, in order to take the 
strain in holding the valve open. In this car 
the aerial voyagers sit or stand, and have with 
them the sandbags 
conttMning sufficient 
weight, more or less, 
to equal the ascending 
power of the balloon. 

Grapnel and 
Trail Ropes. On 
the side of the car is 
attpiched the coils of 
rope which form the 
trail rope and grapnel 
rope, the ends of these 
ropes being fixed to 
the loops in the hoop 
above. The length of 
the trail rope is about 
3()0 ft., while the anchor rope is 
about 50 ft. long, made of hemp 
or manilla, of about 1 in. 
diameter. Both the treil rope 
and the grapnel rope are released 
from, the ce,r and lowered prior 
to the descent of the balloon. The 
grapnel consists of a be,r of steel 
or iron, some 3 ft. in length, and 
21 in. by 1 in. in section, with an 
oval-shaped ring at one end, to 
which the rope is attached, and 
containing four flukes about 
1 ft. long, placed at right angles to 
each other, and of somewhat smaller section than 
the bar of the grapnel itself. This forms the 
perfectly equipped balloon, and comprises all the 
details which are actually on the balloon when it 
ascends. The other necessary items are the 
hose-pipe for filling and sand-bags for controlling 
the balloon during its inflation. 

Ballast«baga. There are required 80 
canvas bags, each about 18 in. high and 9 in. 
in diameter, fitted with ropes and galvanised 
iron hooks. They are filled with sand and 
form the ballast-bags. The hose-xnpo consists 
of a varnished calico tube about 75 ft. long 
and about 10 in. in diameter. It is tied 
over the gas-pipe by means of tapes and is 
provided at the end which is to entci* the balloon 
with a zinc tube 2 ft. long and 9 in. in diameter, 
which enables it to be tied with tapes into the 
mouth of the balloon. 



lAflatlon. Coal gas supplied by the various 
gas companies, which passes through the ordinary 
street mains, is most frequently used. Carburetted 
water gas is very poor for balloon purposes. The 
speed with which the balloon can bo inflated 
depends principally upon the size of the gas 
main which is available at the point of inflation. 
Through a main of 8 in. internal diameter, such 
as is laid at the Crystal Palace, 25,000 cubic ft. 
of gas per hour will pass. This quantity can 
be made to vary by the pressure put on at 
the works. A coal gas main 6 in. in diameter 
would take about double as long to give 
the same supply as an 8 -in. under the same 
conditions, and a 4 -in. pipe again double as 
long as a 0-in. Great care should be taken 
before attempting to inflate a balloon through 
a smaller size pipe than this, as the supply 
of gas will generally prove inadequate. * 

AsAistance. A 
low-lying position is to 
be preferred for infla- 
tion, and if the site can 
be surrounded by trees 
or other means of pro- 
tecting it from the full 
force of the wind, so 
much the better. It 
will be found that three 
or four assistants are 
required. The first 
proceeding is to have 
the ballast-bags filled 
with sand. If the sand 
should be stony, some 
bags should be filled with sifted 
sand, and in some way marked so 
as to be recognisable in order that 
these may be taken up. If the 
ground is in any way rough or 
likely to injure the balloon fabric, 
a large cloth measuring some 50 ft. 
square should be spread on the 
ground as a protection. The 
balloon is then opened out, and 
the gores carefully unfolded ; a 
little air introduced by shaking the 
mouth will assist the easy opening 
The fabric should 


1. BALLOON VALVK 

(In MCtion, tnuuveweMctloii ami plan) o^thrmUteriZ’ 

be drawn in such a manner that the valve lies 
in the centre of all, the seam lines radiating 
from it to its outer margin. Tlio mouth should 
be placed nearest the gas outlet though the whole 
balloon may be 30 or 40 ft. distant from this. 
The folds of material a.re dra.wn over the 
mouth or inlet in such a manner that the 
inward flow of gas will not be checked. 

Spreading the Net. The net is now 
taken in hand, opened, and carefully spread 
over the balloon so that the circular grummet 
at the top finds its place on the valve. This 
grummet is now strapped on to the rim of the 
valve by the eight small straps which are 
fixed thereon. The leading lines at the lower 
part of the net are loosely spread round the 
outer edge of the balloon, no particular care 
being n^ded to prevent their entangling, as 
they fall loose as the balloon fills. 
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Lutlnc the VeWe. The luting of the 
valve is now attended to, and the valve 
spring adjusted. Now the hose-pipe should be 
tied on to the gas outlet and on to the mouth 
or inlet of the balloon. Before turning on the 
gas it is necessary to attach a certain number of 
sandbags by their hooks to the network. 

Placing the Sandbaga. Starting from 
the hose-pipe the bags should bo regularly 
placed round the balloon about one foot away 
from its edge [2J. Having settled upon the first 
mesh to hook the bag to, it is now essential to 
proceed round the balloon and attach the 
remaining bags along the same row of meshes, 
with one bag at every fourth mesh. This will 
utilise 32 of the sandbags, and the remaining 
32 should be placed in readiness about a yard 
from the balloon and between each of the bags 
already attached, in order that they may be 
used in their turn. The gas may now be turned 
on, and as it flows into the balloon the sand- 
bags will be found to hold the whole system 
with regularity. At this early stage care must 
be taken not to permit any creases to remain 
m the fabric towards the valve, as when the 
material ascends higher these cannot be re- 
moved. When the gas has tightened the fabric 
all round, it is time to lower the sandbags. This 
is done by unhooking the bag from its mesh and 
hooking it on one mesh lower [8]. 

Final Preparations. When the inflation 
is nearly complete [4], or sooner if the weather 
be windy, the hoop must be carried underneath 
the balloon and the leading lines collected and 
attached to the toggles. When the sandbags 
are on the lowest series of doubles, the car 
should be introduced and attached to the lower 
toggles of the hoop. The sandbags may now 
be placed on the lead mg lines and the balloon 
permitted to rise clear of the hoop and car until 
the inflation is complete. 

Whenever the balloon is full, the gas must 
be turned off, and the hose-pipe detached and 
removed. By looking into tne interior of tho 
balloon (care being taken not to inhale the gas), 
tho valve line may be secured, though not 
tightened, from the top. The mouth may now 
be closed with a temporary cord or india- 
rubber ring. 

It is now desirable to remove two of the 
sandbags from each of the leading lines and 
allow an assistant to take his position in the 
hoop, then to remove further sandbags all round 
the balloon until the balloon begins to rise, and 
the bags got out of reach of tho men. The 
assistant in the hoop then proceeds to unhook 
and lower the remaining bags until the lifting 
power of the gas causes the balloon to rise. 

Entry of Passengers. At this period the 
individuals who are to ascend should take their 
positions in the car, after which more sand- 
bags may be lowered from the leading lines. 
A number of sandbags containing fine sand 
should be placed in the car as well as all instru- 
ments and packages to be carried aloft. When 
the remaming sandbags are removed from the 
hoop, the lifting power of the balloon may be 
test^. 


If the weather be calm, there is no difficulty 
about this ; if win^, however, some trouUe will 
be experienced. When the lifting power has been 
discovered, two or three extra sandbags may 
be placed in the car in order to compensate for 
the weight of the ijteiistant in the hoop, who 
should now untie the mouth of the Imlloon, 
permit tho valve line to drop to within roach of 
those in the car, and himself leave the hoop. 
The balloon may now bo finally balanced and 
the lifting power arranged in accordance with 
the force of the wind. If calm, little lifting 
power will be required ; but if windy, consider- 
able margin of lifting power will be necessary 
to enable the balloon to rise rapidly and thus 
clear all obstacles on the earth. 

Sensations in Ascending. There is 
no physical inconvenience, and nothing but the 
sense of sight to tell the passengers that they 
are moving. The balloon has now become, 
as it were, a part of the atmosphere [5J, and moves 
onward with it, in a perfect calm. The aneroid 
barometer which is carried forms the only 
sure means of telling the height. It will l)e 
observed to fall rapidly as the altitude increases. 
(5enorally within half an hour of the start the 
maximum altitude will bo attained, and at an 
altitude of perhaps 2,000 ft. the balloon first 
floats along at a uniform altitude for a certain 
time, and then commences to doscond slowly. 
Having once commenced its descent, owing to the 
overflow of gas it will continue on its downward 
course unless checked by the discharge of bal- 
last. The usual procedure is to discharge the 
ballast in small quantities when tho balloon has 
attained its maximum altitude so that it may 
continue a more or loss horizontal course at this 
height. 

The Descent. The balloon continues to 
ascend and descend, ascending with the dis- 
charge of ballast, and descending with tho 
natural overflow of the gas through tho o])on 
mouth or safety valve. Eventually comes the 
time to look ahead and decide on the place 
to descend. If calm, any open field may 
be selected ; if windy, however, great care 
should be exercised, and the descent preferably 
made after passing over a town rather than 
before reaching it. If windy, a sheltered 
spot should be aimed at ; this may best be 
secured by waiting until hills have been passed, 
and then descending in the valley. Before 
permitting tho descent to take place, the trail 
rope should be paid out to its full length ; it 
will now hang from the hoop, to which it is 
secured, and descend downwards its full length 
of 300 ft. The grapnel rope, too, should be 
released from the edge of the car, and, being 
also fixed to the hoop, will hang pendant, but 
as the grapnel itself still remains on the edge of 
the car, it hangs doubled for half of its full length. 
It should not be omitted to secure Uie neck line 
to the cross rope on the hoop, leaving a yard or so 
slack rather than fixing it taut, so as to give the 
fabric of the balloon a little play. As the balloon 
descends preparatory to the landing, the trail 
rope will be the first to touch the ground, and 
the speed of the wind will be easily noticed by 
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the rate at which this toto is drawn across the 
country. If the balloon descend gradually, and 
with not too great a momentum — conditions 
which should assured by small discharges 
of ballast if necessary — when about half of the 
trail rope is on the ground the balloon will no 
longer continue to descend, the loss of the weight 
of that portion of the rope which trails on the 
ground causing the balloon again to have an 
upward tendency. This has the effect of main< 
taining the balloon at a convenient height 
for watching the fields over which the balloon 
is passing. 

Touching Earth. When a suitable landing 
field is observed, the valve line may be pulled, 
and sufficient gas released to bring the balloon 
to earth. Immediately on touching the earth 
the valve should be opened fully. If the speed 
across the field seem to demand it, and the 
weight of the passengers in the car does not 
stop the onward course of the balloon, the 
grapnel may be released, but not until the 
valve has been kept open as long as possible. 
To throw the grapnel too soon will give 
the balloon an upward lift, and produce un- 
pleasant jerks, as the grapnel is ineffectively 
jerked over the land, but if it be not thrown 
until sufficient gas has escaped, the lifting 
power of which will be equivalent to its weight, 
then, when it is thrown overboard, the balloon 
and basket will continue to remain on the ground, 
moving along at the ground level and giving 
the grapnel its best opportunity of doing its 
work. On no consideration should any of the 
occupants of the car be permitted to alight 
until the bulk of the gas has left the balloon. 
By this time quite a number of local inhabitants 
will generally have arrived [6J, and there will be 
no difficulty in enlisting their assistance. The 
balloon, when nearing emptiness, can have its 
valve-spring removed, so that the doors remain 
open without the valve line being pulled for the 
completion of the deflation. Conveyances by 
this time will have been requisitioned, the hoop 
and car untoggled from the net, and the balloon 
and its net folded up and placed in its linen 
wrapper, thus forming one package, while the 
remaining impedimenta may be conveniently 
placed in tho car, thereby forming a second 
package to complete the luggage. 

Scientific Ballooning. A large num- 
ber of ascents are made for purely recreative 
purposes. Scientific work, however, can well 
be undertaken in connection with balloon 
ascents. The usual scientific observations 
made in a balloon consist of (1) the altitude 
attained, which is deduced from the height of 
the mercury in a barometer calculated with 
regard to the temperature at the time ; (2) 
the temperature, which is observed, and recorded 
by means of the thermometer ; and, finally, 
(3) the percentage of moisture in the air, ob- 
served by means of the hygrometer, which is 
generally in the form of a wet and dry bulb 
thermometer. The mercury barometer is in- 
variably replaced by the portable aneroid in 
all except soientifio asoents. In the latter it 
is generally carried, and its readings compared* 


with the column of mercury. An exceedingly use- 
ful combination is the registering baro-thermo- 
hygro-meter, which indicates the height, the 
temperature, and the dampness of the air by 
tracing three blue lines in ink on a revolving 
chart. 

Electrical work is also carried out, an electro- 
scope being carried to determine the electrical 
condition of the atmosphere through which the 
balloon is passing. These experiments, however, 
generally have a negative result. 

Glass containers, with the atmosphere ex- 
hausted, are sometimes taken up, and opened 
at the maximum altitude in order that the air 
which enters may bo brought down and analytic d 
as to its constituents. Scientists can see other 
uses, such as dust counters, microbe traps, ozone 
testers, and other means of observing pheno- 
mena which do not readily occur to those not 
acquainted with the latest developments of 
science. 

The Parachute. The parachute consists 
of a circular-like shaped canopy of silk, cotton, 
or linen fabric some 30 ft. in diameter, to support 
the weight of an average man. Twenty or more 
lines are passed through its surface from tho 
centre to the circumference and thence down- 
wards to a length of 40 ft., where they are 
secured to a small wooden hoop 1 ft. in diameter 
with sword matting, a nlinature of that used 
with tho balloon. These lines are fixed to the 
circumference of the parachute and again are 
spliced round a ring of rope in the centre at the 
top. This rope ring has a diameter of 8 in. to 
1 ft., and to it also the fabric of the parachute 
is fastened, the superficial foot or so inside 
being left open. This construction is a con- 
venient one, and the hole in the top of the para- 
chute is hold by some to assist in steadying 
it at its descent ; but the actual advantage 
of this small aperture seems very douT)tful, 
the question of a correct proportion between 
the length of the lines carrying the weight and 
the diameter of the supporting surface appear- 
ing much more likely to conduce to a steadying 
descent than any small aperture not exceeding 
a 600th part of tho surface. 

Round the edge of the parachute is sewn 
a stiffish cord, which has the effect of keeping 
tho mouth of the parachute somewhat open in 
order to catch the first inrush of air when com- 
mencing the descent. A hoop of 3 ft. to 4 ft. 
in diameter, too, is also sometimes slung from 
the top to assist to this end. 

Using the Parachute. When using the 
parachute for tho purpose of giving a display 
cf its powers, it is usual to attach the parachute 
to the balloon by means of a thin cotton cord 
with a breaking strain of 80 lb. The fabric 
of the parachute itself weighs about 30 lb., 
so that it is well supported by this cord. Tho 
parachutist who is about to descend takes his 
position under the balloon holding the hoop of the 
parachute in his hand. Attached to this hoop is 
a swing-like cord in which he places his leg, and 
at the correct moment, when the altitude is suffi- 
cient and when the country beneath affords a 
suitable landing, he drops from the balloon. 
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XVhen his weight is added to that of the para- 
chute, the cord which supports it instantly 
breaks and the parachute and aeronaut com- 
mence the downward drop, the balloon in the 
meantime rapidly ascending. As the para- 
chutist continues to gain speed the uprushing 
air enters the folds of the parachute ana shortly 
the whole canopy is extended to its full size, 
and the downward drop is checked sufficiently 
to make the further descent safe and even 
pleasant. The slight oscillations of the para- 
chute which sometimes occur give a wave-like 
sensation to the person who experiences it as 
if he were a bird with outstretched wings 
floating earthwards. The motions are vertical 
with the descent and horizontal in the direction 
and at the speed of the wind. The earth is 
reached at about the speed of 500 ft. per minute 
and the landing takes place with not much 
more forcjo than alighting from a moving vehicle. 
If it were a passenger balloon from which the 
parachutist leapt, those remaining in the car 
would, of course, attend to the subsequent 
descent of the balloon. When the balloon is 
a S})ecial parachuting one it is arranged with a 
weight at the top and with a somewhat large 
aixjrturo at the bottom. After the parachute 
and the aeronaut have loft, the weight at the 
top naturally turns it upside down. The gas 
escapes through the large open mouth, and, 
devoid of its gas, the erstwhile balloon becomes 
a piece of falling material which* speedily 
reaches the earth, a vcliicle being sent to re- 
cover it. 

Hot-air Balloons. When there is difficulty 
in obtaining a supply of coal gas for ballooning 
purposes and the great cost of hydrogen renders 
it impracticable, the hot-air balloon is adopted. 
For practical purposes one of 60,000 to 80,000 
cubic ft. is used. It is of 60 ft. diameter p.nd 
has a height of about 70 ft. It is constructed 
of a strong cotton fabric, and as the net would 
be both heavy and troublesome it is dispensed 
with, and in its place strengthening webbing 
bands are sewn on to the surface of the balloon. 
The mouth is some 12 ft. in diameter, and coming 
from that are four lines which carry the weight. 
No varnish is used on the outside, but the inside 
is covered with a distemper paint in order to 
render it airproof and to prevent its fabric from 
being scorched. This style of balloon is mostly 
used for porac'hutc descents. 

To inflate the hot-air balloon a 30 ft. trench 4 ft. 
wide and 4 ft. deep is dug in the ground. This 
is covered up with iron plates so as to make it 
into a tunnel. A portion at each end is left 
open — at one end to light a fire of wood and 
at the other end to receive a chimney 5 ft. high, 
most satisfactorily built of bricks, ^e balloon 
itself is suspended over this chimney by means 
of a rope passing over two pulley blocks attached 
to poles about 35 ft. high. These poles are 
securely stayed with ropes to the ground so 
that the weight of the balloon hanging on the 
rope stretched between them will be supported. 

Filllag with Hot Air. The balloon, having 
been drawn over the chimney, is carefully spread 
out in circular form so that it has the appear- 


ance of a largo bell tent, having its apex at the 
horizontal rope and its base (about 50 ft. in 
diameter) occupying the space between the t^vo 
polos, the chimney being in the interior. 

A largo number of persons are stationed 
round the balloon and hold on to the fabric. 
Tho fire is then lighted and maintained at a 
moderate heat until tho rush of warmed air 
along the chimney causes tho balloon to rise. 
Tho bell-tent-like appearance now gives way 
to a semispherical appearance and the strain 
from the supporting rope is taken off. As the 
balloon is filled the people round it permit it to 
rise higher and higher. When tho inflation is 
nearing completion the parachute is attached 
to the lines from the mouth and the parachutist 
holds himself in readiness for tho ascent. Tho 
suspending rope is now drawn through tho 
pulley blocks and away from the top of the 
balloon, the pole to the windward is lowered, 
and the balloon finally inflated. 

At this period tho fire at the entrance to the 
tunnel is raised to its maximum and the heat 
within the balloon thereby increased. In order 
to prevent a premature departure, four stakes 
having rings on them are securely fixed in the 
gi'ouncJ, round the cliimney, and through these 
rings extra ropes from the mouth of the balloon 
are passed so as to form efficient means of 
holding the balloon in addition to the persons 
who are holding the fabric itself. 

These ropes may be held to a single point 
and fixed to a liberator by which they may be 
simultaneously released, or they may be en- 
trusted to four assistants who can release them 
at the word of command. From fif totm to twenty 
minutes is all the time that is needed after once 
the fire is lighted. 

The Ascent. When sufficient lifting power 
has been obtained the aeronaut from h's position 
at the sling at the end of the parachute gives 
tho word to let go and tho balloon then rises, 
sluggishly at first, but gaining momentum every 
moment. 

The aeronaut ascends with this hot-air balloon 
to the desired height, e.nd then pulls the cord 
attached to the liberating trigger and descends 
in the same manner as described with the gp.s 
balloon, the hot-air balloon being weighted and 
arranged to turn over and empty itself also in 
the same manner. 

Captive Balloons. For military purpose, s 
and for out-door entertainments captive balloons 
are employed. In calm weather, a balloon may 
be held by means of a rope, and permitteil to 
ascend to some 1,000 ft. or so in height, where it 
will remain in position and cnckle those in tho car 
to obtain more or less extensive views according 
to the condition of the cdr. From a height 
of 1,000 ft. a distance of practically twenty miles 
may be seen, and as the view extends cdl round 
to the horizon, this means an area of some 1,200 
square miles. Naturally this fPiCt renders the use 
of the captive balloon of eminent service for 
reconnoitring for military purposes, and forms the 
system^ of military ballooning adopted by our 
authorities. For purposes of amusement, a large 
balloon, capable of oorrpng from six to twelve 
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persons, is generally used. It is similar in con- 
struotion to the ordinary passenger balloon, with 
such modifioations only as the pedicular require- 
ments need. 

It is fitted with additional network, known as 
the equatorial lines, which encircle the balloon 
so that they may be used as stays to hold the 
balloon ste^y by being attached to rings fixed 
on the ground. The car is a circular gallery 
construction, with a door tc^rmit easy entrance. 

The ** Captive " Equipment. The 
captive rope of steel wire or hemp passes 
through a Wge circular aperture through this 
car, and thence over a pulley block having 
universal movement, firmly secured to an anchor 
in the ground. It then passes hoi izontally along 
the surface, or through a tunnel slightly beneath 
the surface of the earth, for some 200 ft., where 
a winding engine, fitted with a drum for its 
reception, is placed. This engine, which is 
usually of about 8-h.p., serves to pay the rope 
out at the ascent, and haul it in at the descent, 
until the car has reached the earth. Captive 
ascents are possible only in a moderately tranquil 
state of the air, but experience shows that in 
most places a very fair percentage of days during 
the summer season are practicable for actual 
working. 

Captive ballooning for military purposes is 
conducted on a much smaller scale. A standard 
size of balloon is 10,000 cubic ft. capacity, capable 
of carrying two aeronauts to a suitable height 
for observations. It is always inflated with 
hydrogen gas, which is carried compressed in 
tubes to the site of the ascent. 

Airships. In a balloon, we are able to 
start when we like, to ascend higher or lower, 
and by means of the valve to drop to earth at 
any moment we desire ; but we cannot decide 
beforehand the direction in which we sliall 
proceed on any given day. An airship, with a 
speed of 15 miles per hour, will move at the rate 
of 25 miles per hour with a 10-mile breeze, but 
at only 5 miles p.er hour in a contrary direction. 
There are two classes of airships — the flying 
machine, which rises in the air purely by mechan- 
ism, and the navigable balloon. The problem of 
both is to propel themselves through the air, 
and the real question, therefore, is simply which 
can go at the greater speed. The answer to 
this question may eventually be the flying 
machine, but the great objection at the present 
moment is its want of stability in the air. 
Hitherto, the only successful journeys through 
the air have been made by the propelled balloon. 

The Spencer Airship. In the most 
successful airship [7] ever used in Great Britain, 
and frequently navigated by the brother of 
the writer, the buoyancy vessel consists of an 
elongated balloon of fusiform shape, which is 
inflated with hydrogen gas [8], and has a capacity 
of 30,000 cubic ft.— the gas having a lifting 


power of 2,100 lb. This is necessary to 
carry the weight of the entire structure. The 
balloon portion is made of closely woven fabric, 
varnished several times inside and outside, to 
render it impervious to hydrogen gas. Running 
horizontally round it is a sailcloth band 
securely stitched on, the fabric being doubled 
and festooned for some distance up all round this 
band in order to give greater strength. The 
cordage is all attached to this band, passing 
through eyelets made within it, and hanging 
downwards to support the framework with all 
its mechanism. This buoyancy vessel has a 
valve in tlie upper part to release the gas when 
desired, and in its lower part an automatic valve 
which relieves any undue pressure before the 
bursting point of the fabric is reached. The 
framework or ketjl, which is a triangular -braced 
construction of bamboo, measures 50 ft. long, 
and hangs 12 ft. below the gas vessel. It carries 
in front a screw propeller or tractor of 12 ft. 
diameter on a steel shaft, which is supported 
by ball bearings and runs through gear wheels 
and a clutch to the motor. 

Propelling Mechanism. The petrol 
motor is situated centrally in the framework, 
and one feature of its construction is that 
its exliaust-box is covered with wire gauze, 
on the Davy safety lamp principle, to guard 
against ignition should any giks approach it. 
Its fuel of petrol is carried in a brass con- 
tainer, connected with copper tubes, and a 
similar cylinder holds the water which circulates 
over the cylinder for cooling purposes. The car 
in which the aeronauts take their place is situated 
in the rear portion of the framework, and the 
mechanism of the motor is controlled by Bowden 
wires. Further to the rear is the rudder with 
two ropes leading to the car. A balance or trail 
rope hangs downwaids from this framework, 
held by two points at the front and back so that 
its position may be changed so as to take its 
weight to the front or rear as desired, and thus 
alter the angle of the whole airship to the hori- 
zontal, as it is desired to point it upwards or 
downwards. At present there are two of these 
aerial craft in the balloon hall at Highbury 
ready for flights at short notice. One is of small 
horse-power, capable of travelling through the 
air at the rate of 10 miles per hour, and one of 
24-h.p., capable of being ^ven at speeds of 
from 20 to 25 miles per hour. 

To attain proficiency with these airships 
continued flights are necessary. When one first 
enters the water he cannot swim ; when a cycle 
has been obtained, it cannot be ridden without 
learning, and so it is with the airship — success 
comes by continual practice. 

Naturally these experiments are expensive, 
and the amount of use to which these airships 
are put, therefore, depends upon the support and 
interest which are secured. 


Vehicle Construclion concluded 
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By Dr. C. W. SALEEBY 


rOR long years history has been taught in our 
* schools and in the schools of all nations. The 
reader may or may not have been fortunate 
enough to escape the common, vulgar, and futil(‘ 
conception of history. This conception has been 
briefly epitomised by Herbert Spencer as “a 
record of royal misdemeanours,'’ and since he is 
rimarily responsible for the new conception of 
istory, we may add to this phrase of his an 
amusing but deeply significant quotation from 
his Autobiography (II,, 83). “ I have a vague 

recollection of amusing Professor Youmans by 
my response to some remark or question coming 
from our guide at Holyrood — ‘ I am happy to 
say I don’t know.* Probably the remark or 
question referred to Queen Mary. On this, as 
on kindred occasions, 1 thus implied my satis- 
faction, partly in having used time and brain- 
space for knowledge better worth having, and 
partly in expressing my small respect for gossip 
about people of no intrinsic worth, whether 
dead or livincr.” Elsewhere he refers to “ those 
who look into the rc*cords of the past, not to 
revel in narratives of battles or to gloat over 
Court scandals, but to find how institutions and 
laws have arisen and how they have worked.” 
Again, in tb(‘ same wonderful book, Spencer's 
famous “Study of Sociology,” which we shall 
afterwards discuss most carefully, we find a 
passage which, after our discussion of the book, 
the reader will surely study in full tor himsell. 

What is True “ History ? ” Speaking 
of sociology, Spencer says ironically, with rcha*- 
(*ncc to people who have the conventional notion 
ol history; S 

” Of course, it is not to bo put on the same 
lev(*l with those historical studies so dct‘j»l> 
intorr'sting to tlu'm. The supreme value of 
knowledge respecting the genealogies of kings, 
and the fates of dynasties, and the quarnds of 
Courts, is beyond question. Whether or not 
the plot for tlie murder of Amy Robsart was 
contrived by Leicester himselt, with Queen 
Elizabeth as an occomx>bcc, and whether or 
not the account of the Gowrie Conspiracy as 
given by King James was true, are obviously 
doubts to bo decided b afore there can be 
formed any rational conclusions respecting the 
development of our political institutions. That 
Friedrich I. of Prussia quarrelled with his step- 
mother, suspected her of trying to poison him, 
fled to his aunt, and when he succeeded to the 
Electorate intrigued and bribed to obtain his 
kingship ; that half an hour after his death his 
son Friedrich Wilhelm gave his courtiers notice 
to quit, commenced forthwith to economise his 
revenues, made it his great object to recruit and 
drill his army, and presently began to hate and 
bully bis son — these, and facts like these alwut 
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all Royal families in all ages, are facts without 
which civilisation would obviously be incom- 
prehensible. Nor can one dispense with full 
knowledge of events like those of Napoleon’s 
wars — his Italian conquests and exactions, and 
perfidious treatment of Venice ; bis expedition 
to Egypt, successes and massacres there, failure 
at Aens and eventual retreat ; his various 
campaigns in (Germany, Spain, Russia, etc., 
including accounts of his strategy, tactics, 
victories, defeats, slaughters ; for how, in the 
absence of such information, is it possible to 
judge what institutions should be advocated, 
and what legislative changes should bo opposed ? ” 

The History of Societies. ** Still,** 
Spencer proceeds, “alter due attention has been 
paid to thcs(* indispensable matters, a little time 
might perhaps with advantage bo devoted to the 
natural history of societies. Some guidance foi 
political conduct would possibly bo reached by 
asking — What is the normal course of social 
evolution, and how' will it bo affected by this or 
that policj ? It may turn out that legislative 
action of no kind can bo taken tliat is not either 
in pgreement with, or at variance with, the 
pr<iccssc‘s of national growth and dovelopmenl 
as nat urally going on ; and that its desirableness 
is to b(» jiidg d by its ultimate standard rather 
than by proximati* standards.” 

These quotations will suffice to show what wo 
mean by speaking of a new conception of history. 
What study can be narneil greater than the 
record of man ? Yet do we not all know that, 
owing largely to the exceeding difficulty of teach- 
ing any real history, and to the examination 
system, and to the fewness of those wdio ” sccK 
the wider meanings of facts,” history is too oft<*n 
concerned with the dat(‘s of battles, with the 
contemptible ayrumre of men who arc only tin* 
more contemptible because they won' called 
kings — since, as ('arlyle said, “ the only divine 
right of kings is the right to be kingly men,” — tind 
with Hueh-like trivialities. It is time, then, that 
we who seek to make the best use of our intidli- 
genec should distinguish on(‘e and for all between 
that notion of history which regards it as nuTcly 
a — ^more or less — ^glorified gossip, amusing but 
meaningless, delectable but despicable, and thiit 
conception of history which sees in it the record 
of the life of man or that mighty Or<janism 
which w'as (’omte’s conception of humanity, and 
which, to his mind, was no less than an object 
of worship. 

Judge a Man by his Talk. You may 

estimate the intellect of a man, says Herbert 
Hpcnccr, by observing the proportion of gener- 
alities to personalities in his conversation. 
Have we not all heard writh our cars that 
“he” or “ she ’’—according as whether the 
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«pcakor be woman or man — is the main topic 
of conversation in the street ; aiid do wo not 
know tliat the person who does not dearly love 
a piece of gossip is scarce almost to vanishing 
point ? The novel, the short story, the drama, 
and an enormous proportion of conversation 
among great and small, young and old, are 
concerned with what this or that person did, 
does, or is going to do. The teller of stories has 
b('cn appreciated in all generations and in all 
ages of each generation. He is a power in the 
savage tribe. 

The Universal Love of Personalities. 

We who believe in the theory that the history 
of the individual is a recapitulation of the 
history ot the race may note the significance 
of the fact that children love stories, that 
savages do so likewise, and that people of scant 
intelligence prostitute their powers of reading 
almost entirely to this end. “ But when are 
you going to write a book ? ” was the cruel 
question vhi'‘h Carlyle asked William Black, 
the well-knowTi novelist. The love of person- 
alities, in short, is universal in its distribution 
and its influence. Henc<* it is that the death 
ot one king or another from eating too many 
lampreys is a historical fact as history is at 
present t*onceived. TJiere is before the present 
writer at this moment the page of a child's 
instructor which nurtured his seven-year-old 
mind, and contains, in sequence, the portraits 
of th(' kings of England, with their names and 
the chief fact about each beneath the name. 
Here he find«*, what his mind has retained for so 
many years, the following : “ Henry 1. Beau- 

clcrc. Died from eating too many lampreys.” 
True it is that a magnificent lesson might have 
been taught even to a child from this fact, there 
being no facts, not even Ibis, in all the universe, 
vhich arc insignificant to the philosophic mind ; 
but to the mind of the historian the fact was an 
end in itself. It was “ history.” 

Persons and Things. The same love of 
personalities holds in politics, so that a politician 
may go about, lot us say, proving himself ignorant 
of the first principles of his subject, and incapable 
of reasoning upon what he is under the delusion 
of thinking to be data, yet a certain number 
of people will follow him and “ wonder with a 
foolish face of praise” because the love of 
his personality draws them on. Elsewhere 
the present writer has called the love of per- 
^ona]ities the mainspring of fiction, and, except 
for the very few, it has hitherto been the main- 
spring of “history,” which is mostly fiction. 
IMost of us prefer talking about people to talking 
about things, and reading about people to reading 
about anything else that words con express. 
True it is that the proper study of mankind is 
man, as Pope said, and that if we analyse the 
love of personalities and try to recognise the 
clemcmt of sympathy, for instance, that may be 
found in it, wo shall see in it not a thing to he 
sneered at or a thing that we may one day 
expect to overcome. As a matter of fact one 
cannot conceive of society as existing without 
it, for it is an inevitable concomitant of that 
sympathy and community of interest without 
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which societies are impossible. And who 
shall pass a verdict on the desirability of a 
mental trait — this love of or interest in 
personalities — which may show itself in the 
abominable tittle-tattle of a smoking-room or 
boudoir, and yet is essentially one and the 
same with the force that impelled the observant 
genius of Shakespeare to depict a lago or a 
Hamlet ? 

Descriptive Sociology. We are about to 
observe that there are two distinct theories of 
causation in history, and in so doing we shall note 
how the love of personalities may be made useful. 
Tlie term descriptive sociology was coined by 
Herbert Spencer to describe a great hook upon 
which ho spent many thousands of pounds and 
which he was finally compelled to abandon, but 
which is now to be completed by means of the 
money which he left. He destined such a book for 
the day “ when the love for the personalities of 
history is less and the desire for its instructive 
facts greater.” The study w’hich now goes by 
this name consists of “ the collection and 
organisation of facts presented by societies of 
different b3rpes, past and present,” since, 
in ord(‘r to arrive at the principles of sociology 
there are required, ‘\a8 bases of induction, 
large accumulations of data, fitly airangcd for 
comparison.” “ These facts supply the student 
of social science with data, standing towards 
his conclusions in a relation like that in which 
accounts of the structures and functions of 
different types of animals stand to the con- 
clusions of the biologist. Until there had been 
such systematic descriptions of different kinds 
of organisms as made it possible to compare 
thf‘ connections and forms and actions and 
modes of origin of their parts, the Science of 
Life could make no progress. And in like 
manner, hefort‘ there can be reached in sociology 
generalisations having a certainty making 
them w'orthy to be called scientific there must 
he di*finite account? of the institutions and 
actioi# of societies of various type?, and in 
various stages of evolution, so arranged as to 
furnish the means of readily ascertaining what 
social phenomena are habitually associated.” 

Aristotle the Pioneer. It is very 
interesting to note that neither the conception 
nor its execution is new. Though Spencer was 
unaware of the fact, his mighty predecessor, 
Aristotle — ^whose intellectual resemblances to 
him in breadth of knowledge, magnificence of 
generalisation, and even in method, have been 
so often commented ppon — conceived and 
carried out an essentially identical plan. The 
work which the great Greek called the Politeiai 
contained a descriptive history of the constitu- 
tions, manners and usages of 158 states. It 
would hardly he necessary to insist upon the 
immeasurable difference which time has wrought 
in the execution of the tw’o enterprises. While 
Aristotle’s horizon was only a few miles away, 
the later “ Descriptive Sociology ” discusses 
the English, Mexicans and other aboriginal 
New World races, the lowest races, such as 
Fuegians, Tasmanians, and Sandwich Islanders, 
the African races, the Asiatic races (excluding 



Ihe yellow peoples), the races of Northern 
America, the Hebrews and Phoenicians, and 
the IVench ; while there arc now in preparation 
parallel accounts of the Chinese, the ancient 
Egyptians, and the Greeks. 

Here, then, we see a conception of history 
which has only to be described for its importance 
and truth to bo recognised, but of which the 
unbiassed sociologist must ask, “ Is it the whole 
truth ? ” Unquestionably a true conception of 
history must include a descriptive sociology, 
perhaps the most striking indication of the 
character of which, and the moat remarkable 
comment on its claim to bo ranked as history, 
is furnished by the fact that the names of 
individuals have no place worth mentioning 
in it and are scarcely to be encountered at all. 

Causation in History* And here 
we encounter a fascinating question which we 
shall have no further opportunity of discusHing 
in this course, sinet' we cannot possibly return 
to what is now often called the phihsophtf of 
history, which we shall discuss now. With 
very rare exceptions, one of which wo must at 
least note, all history that called itself and 
was recognised as history until Spencer’s time 
dealt with individuals as all-important and 
with circumstances or environment as secondary, 
subsidiary, and only in quite negligible degree as 
causes of ihe actions of great men whom the 
historian celebrated. In the beginning of his 
“ Study' of Sociology Spencer discusses what 
ho there calls the great 'tmn theory of history. 
Li so doing ho makes an allusion to the doctrines 
of that mighty literary genius and mighty soul 
Thomas Carlyle, whose inherent energy and 
power of language and personal conviction 
persuaded Ruskin to call him “ th(» greatest 
historian since Tacitus.” The work of Carlyle 
wo may take as typical of, and as representing 
in its highest form, the great-man theory of 
history. This theory is as old as history itself 
and reached its finest flower in its last hours — 
or, rather, in its last hours as the whole truth. 
It is incredible that the reader has not read 
Carlyle’s “ Lectures on Heroes, Hero-Worshij), 
and the Heroic in History.” If he has not 
done so we must apply to him the words of 
Prospero : he is one of those “ that have more 
time for vainer hours.” 

The Great-man Theory. In a few 

words from the first page wo may describe the 
fundamental conception of that great book : 

“We have undertaken to discourse here, for 
a little, on Great Men, their manner of appear- 
ance in our world’s business, how they have 
shaped themselves in the world’s history, vhat 
ideas men formed of them, what work they did. 
Too evidently this is a large topic. Indeted, 
an illimitable one ; wide as Universal History 
itself. For, as I take it, Universal History, 
the history of what man has accomplished in 
‘this world, is, at bottom, the History of the 
Great Men who have worked here. They w'ere 
the leaders of men, these great ones ; the 
modeUers, patterns, and in a wide sense creators, 
of whatsoever the general mass of men con- 
trived to do or to attain ; all things that we 
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see standing accomplished in the world are 
properly the outer material result, the practical 
realisation and embodiment, of Thoughts that 
dwelt in the Great Men sent into the world ; 
the soul of the whole world’s history, it may 
justly be considered, were the history of these.” 

This is a splendid passage, and it seems to 
bear in its forehead the stamp of truth; but 
hero we are trying to be scientific, and we must 
not permit ourselves to confound splendour 
as such with truth as such. We may remember 
Huxley’s description of rhetoric : “ that pestilent 
cosmetic with which men varnish the fair face 
of truth.” Is this great-man theory of history 
true ? 

The Kings of Thought. Now, it is all- 
important that we be fair and unprejudiced in 
our study of this groat question. The present 
writer clearly has a bias in favour of Spencer, 
who, as wo shall see, opposed the great-man 
theory ; but, on the other hand, ho can refer 
the reader to many previous parts of tlu* Self- 
Educator in proof of the assertion that he is 
also a horo-worshipi>er, who never loses an 
opportunity of quoting the lines of Shelley ; 

“ And he is gathered to the king^ of thought 
Who waged contention with tluur time's 
decay 

And of the past are all that cannot pash 
away.” 

Or these lines of Wordsworth ; 

“ There is 

One groat society alone on earth 
The noble Living and the noble Dead.” 

Or, greater still, this Irom Dani(‘l : 

“ They that be wise shall shint* as the bright- 
ness of the fir^iament, and th(‘y that turn many 
to righteousnc'ss as the stars for (‘ver and ever.” 

We make the 'claim, then, that we are unpre- 
judiced. But thi** is not an instnictor, but a 
self-educator, and the rc'idor will listen to 
no claim as final, but will dt'cide for himself. 

Spencer, and, following him, sociologists in 
general, urgently oppose the great-man theory 
of history. Spencer traces the genesis of it to 
the customs of savage lifi‘, w^Ikto the great 
topic on a return from the warpath is always the 
doings of some chief or warrior. Such naiTativcs, 
perhaps accompanied by a dance or a client, 
constitute the whole history or chronicles of 
savage tribes. Similarly, the famous Moabite 
stone, the Egyptian frewoes, and the Greek 
epics follow the injunction to “praise famous 
men.” The power of this theory is strengthened 
by the eaily upbringing of each of us. “ Arms 
end the man ” form the end of the story, 
as they form its b(‘ginning. The reader will 
remember the first words of the first line of 
Virgil’s gr<*at poem, “ Arma virumque cano ” 
(Anns and the man, 1 sing). Hence, says 
Spencer, “you find but a sc.^tered few lik<*iy 
to take anything more than a biographical view 
of human affairs.” 

The Genesis of Great Men. The 

valid and conclusive criticism on this view* is 
that we are entitled to ask, Whence comes the 
great man ? If we abandon, as we must abandon 
nowadays, the doctrine which has had its place 
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in the history of every society, that the origin of 
the great man is supernatural, “ then the origin 
of the great man is natural ; and immediately 
this is recognised, he must be classed with ah 
other phenomena in the society that gave him 
birth, as a product of its antecedents. Along with 
the whole generation of which he forms a minute 
part, along with its institutions, language, 
knowledge, manners, and its multitudinous arts 
and appliances, he is a resultant of an enormous 
aggregate of forces that have been co-operating 
for ages. . . . The genesis of the great man 

depends on the long series of complex influences 
which has produced the race in which he appears 
and the social state into which that race has 
slowly grown. If it be a fact that the great man 
may modify his nation in its structure and 
actions, it is also a fact that there must have 
been those antecedent modificn, lions constituting 
national progress before he could be evolved.” 

The Truth Between Two Extremes. 
Fn a very early society, according to Spencer, 
I he great-man theory “approximately expresses 
the fact in representing the capable leader as all 
important.” But “ just as fast as war ceases to 
be the business of the whole male population, so 
fast do societies begin to develop, to show traces 
of functions and stnictures not before possible, 
to acquire increasing complexity along with 
increasing size, to give origin to new institutions, 
new activities, new ideas, fwmtiments, and 
habits — all of which unobtrusively make their 
appearance without the thought of any king 
or legislator. And if you wish to understand 
these phenomena of social ('volution, you will 
not do it, though you should r(*ad j^oursc'lf blind 
over the biographies of all the great rulers on 
record down to Frederick the Greedy and 
Napoleon the Treacherous.” 

Let us consider whether now, after thirty 
years, we can pronounce any judgment upon 
this quarrel between Spencer and the historians. 
It seems to the present vTiter — who expresses 
his views merely as subject matter for thought, 
and all of whose ends will be defeated if the reader 
ace(»pls anything whatever simply because* ho 
says so — that the truth li(*s soraeA^he^e between 
the two extremes. 

Destruction of Pre-Scientific History. 

Spencer overstated his case, as he was almost 
bound to do in the circumstances. He has 
achieved the final destruction of wliat we may 
call pre-scientific history, cand that is indeed 
well. But many of liis critics have pointed out 
with force and justice that ^listory cannot be 
made comprehensible — no, not even the history 
of the most advanced races — on any view which 
renluoes the importance of the hero, or great man, 
lo the Spencerian estimate. Truth is many- 
sided, and we all tend to see the side that is 
nearest us — whether owing to our training, tem- 
perament, or bias — to the exclusion of the other 
sides. But it is the business of the philosopher to 
act, as Spencer himself urges, in another and 
higher connection : “ In proportion as we love 
truth more -and victory less, we shall become 
anxious to know what it is which leads our 
opponents to think as they do. We shall begin 
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to suspect that the pertinacity of belief exhibited 
by them must result from a perception of some- 
thing we have not perceived. And we shall aim 
to supplement the portion of truth wo have 
found with the portion found by them.” And the 
common view does represent a portion of truth. 
No one will question that the history of the world 
is other than it would have been had Napoleon 
or Caesar or Moses not lived. It is true that these 
men we're the products of their e'nvironment ; but 
it is far truer to say that, though they were con- 
ditioned by their environment, and would not 
have been what they were in other environ- 
ments, yet their environment does not give an 
adequate aceoant of their causation. 

The Hour and the Man. No bcttc'r 
instance of tho truth which we are trying to 
recognise ran be found than in I he ease of great 
crises in society, whether political, or religious, or 
other. The truth of the Spencerian tlu'ory is re- 
cognised — and exaggorate'd — by those who say, 
with too little qnalific -tion, that the crisis always 
produces the man, that when an evil system has 
reached a certain point the social environment 
invariably causes the evolution of the ne'cc'ssary 
individual, instances of whom we* may find, ac- 
cording to our beliefs, in Martin Luthf'r, or John 
Wesley, or Savonarola, or in any of the leaders 
who have freed an oppressed people. But, in 
point of fact, this ge'ne'ralisation, which implies 
that the great-man theory is entirely untrue, 
is itself imperfectly true. Further stuely teaches 
us that, in point of fact, the tyranny, the abuse, 
the evil of whatever kind, lias onlj^ too often 
eontinue'd long after it should, according to this 
theory, have produced the man necessary to ond 
it. tiober history docs not support the comfort - 
able doctrine that, as soon as the eircumstanees 
urgently demand a great man, they produce 
him. On the eontraiy, time' ancl again we find 
that the evil was no great e'r at the morne*nt of its 
overthrow thtxn it w’as a eentuiy before. In 
short, the hour was ripe but the necessary 
hero was not forthcoming. Thoughtful people, 
looking at the pres(*nt state* of Russia, believe 
themselvejs to s(*e in that unhappy land such 
Boeiologii'al phenomena as, according to the view 
which denies the great-man theory entirely, 
should long ago have produced the necessary 
man. They think, howx'ver, that not only has 
this man been wanting m the past, but he is 
wanting to-day. They believe that all the condi- 
tions are ready in Russia for the inauguration of a 
newer and better era, except one. The oppressed 
have not produced the all-essential hero. 

Man's Relation to Environment. 
These things may or may not be so. We submit 
them to the reader’s judgment. The proposition 
which we would have him consider and, if he can, 
accept, is that w’hat we have called causation in 
history is twofold — that the doctrine which re- 
gards all influences save individuals as important 
is only a half-truth, and that the doctrine which 
re'gards no influences expept the power of indi- 
vieiuals as important is only anotW half-truth. 
In other words, the history of, societies is deter- 
mined neither by the inanimate and impersonal 
alone nor by the animate and personal alone, but 
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bjr the interaction of both ; just exactly as the 
histoiy of an individual organism is determined, 
not alone by its inherited or innate characterH, 
not alone by the environment in which it finds 
itself, but by the interaction of both. It seems to 
the present writer that opinion, having swung 
too far away from the older direction, may now 
be allowed to rest in the reasonable doctrine that 
in the making of history neither are external 
conditions naught nor are individuals naught. 
Both are essential, and neither can be ignored 
And for ourselves we do not think it worth whil<‘ 
even to enter into any argument as to whkh of 
these factors has been the more important Let 
the reader consider and he will see that such an 
argument, if it went deep enough, would soon 
find itself to be meaningless. At any rate, we have 
here offered an introduction to the readcT of 
that mighty study which is called the philosophy 
of history, which, he must take our word lor 
it, is possessed of far greater dignity and interest 
than we are likely to have been able to suggest 
A Landmark in the History of 
Thought. Here, certainly, is the place 
in which we may discuss and dismiss llio 
relation of sociology to geography. Wo 
have already asserted that sociology is tin* 
synthesis and crown of all the sciences, an assc^r- 
tion of which we shall find support in every 
paragraph. But the relation of sociology to 
geography is of special signiticanec la'causc wo 
must take it into conscious account in our con- 
ception of history, and also because it will (‘ver 
be associated ’vviih the name of a great English 
historian. W'c often hoar it said that a giv<‘n 
race displays given characters — as, for instance, 
extreme conservatism and hatred of change, 
because of the hot and enervating character of 
the climate in which it lives ; or that the litera- 
ture of a certain jx^ople displays a groat intimacy 
with Nature because of the mountains, the valleys 
and the lakes among which the poets of that 
race have lived ; or that a su}K*rHtitious element 
is conspicuous in the religion of a certain people 
because they are familiar with some of the most 
terrifying and awe-inspiring phenomena ot Nature 
— thunder, tempests, earthquakes. We feel 
that there is a truth here, though it is inuob 
more difficult to estimate its measure, and there 
is a great classic in which this doctrine is ex- 
pressed, with exaggeration no doubt, but still 
with extraordinary erudition and force that 
make it, within its limits, a landmark in the 
history of thought. 

“ The Secret of Europe/* The lame of 
Buckle (1821-1862) depends upon the only 
work ot his to which wc need here relcr — 
his “ History of Civilisation in England.” 
This book, of very great size, is really no more 
than an introduction to the complett^ work of 
which the author’s premature death has deprived 
us. Perhaps the central doctrine of the work 
is the intimacy of the relation between geography 
and sociology, the doctrine “ that climate, soil, 
food, and the aspects of Nature are primarily 
causes of intellectual progress— the first three 
indirectly through determining the accumulation 


and distribution of wealth, and the last by 
directly influencing the accumulation and dis- 
tribution of thought, the imagination being 
stimulated and the understanding subdued when 
the phenomena of the external world are sublime 
and terrible, the understanding being em- 
boldened and the imagination curbed when they 
are small and feeble ” and, as a corollary, 
“ that the grt»at division lietwecn European and 
non-Euro})ean civilisation turns on the fact that 
in Europe man is stronger than Nature, and that 
elsewhere Nature is stronger than Man, the con- 
sequence of which is that in Eurtipe slone has 
man subdued Nature to his service.” It is almost 
a necessary complement of these doetrintis that 
“ individual efforts arc insignificant in tlie great 
mass of human affairs, and that great m(‘n. 
although they exist and must at j)re8(‘nt b(» 
looked upon as disturbing forces, are merely the 
creatures c)f the age to which they belong.” 
In short, wc may say that the theory of Buckle 
is a theory of physical fatalism — that human 
history might have been inferred from a know- 
ledge of climate. 

Many though his exaggerations arc, Buckle 
•^undoubtedly enunciated great truths, and, not- 
withstanding many inaccuracies of detail such 
as, of course, no historian can free himself fioin, 
his book must be read to-day by any who would 
make a serious study of liistory. It has recently 
Ih'cii publislu^d in the “ World's Classics,” so that 
it can bo obtained for a very small sum. 

The Greatest Study in the World. The 
reader must not inf(*r from tlio spaco which 
we have occupied in discussing the new concep- 
tion of history that sociology is no more than 
scientific history. 11 it were no more it would 
still be, perhaps, the greatest study in the world. 
Yet this is really only one of its parts. We have 
placed it in the forefront of our study because of 
its great importance, and because by means of 
history and geography we arc able to show that 
sociology, though a sciences is most intimately 
related to other studies which wt do not cus- 
tomarily think of as sciences — though we certainly 
should do HO. On tJio other hand, the present 
course has been designed to follow in a rational 
and educative sequence the courses on Biology 
and Psychology, it is upon these sci(‘nr('H that 
our science is essentially based, and it is from 
their side and not from the side of history that we 
seek to approach it. An American obsorvtT has 
said that only too many proft'ssors of sociology 
in the United States have just ” happened into ” 
the subject — that when a man is unfit, whether 
by training or intelligence, for anything elsts he 
can, at least, take up sociology, just as teaching 
in former days was the last resort of the incom- 
petent. On the contiary, it is difficult to say 
whethi^r the study of scxiology or the profession 
of teaching is the more difficult and demands the 
greater training and devotion and skill on tlie 
part of the aspirant. The men who “ happen 
into ” sociology are the men who make it a laugh- 
ing-stock and a byword amongst serious people, 
and wo must try to avoid anything so discredit- 
able as their performances. 
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Carpet Wools. Tho carpet industry stands 
out so distinctly from the cloth-weaving trades 
as to call for special study. In tho weav- 
ing department most notably tlio particular 
differences are essential, not accidental. The 
carpet weaver uses a quality of yarns all his own. 
What arc called barbarian wools serve the carpet 
manufacturer’s purposes as well as, and in ^onlo 
cases better than, domestic wools. The wild 
sliecp of India, Persia, and other quarters of 
the globe furnish wools of a hard, wiry character, 
which, utterly unsuitable for clotJi manufacture, 
supply the hard strength and elasticity the carpet 
requires. Wo are far from asserting that fine, 
soft wools arc not used in carpets, or that tho 
iinost wools would not make the tinest carpets ; 
but it must be kept in mind that wo are pro- 
du(‘ing for the market. Wild wools are cheaper, 
and give the desired results at less cost than 
common w'ools. Our supplies of wools arc not 
always easy to trace, and the carpet manufacturer 
need hardly trouble whence the supply comes, 
so long as it serves his purpose. East India, 
Persia, and Argentina, arc the main sources of 
carpet wools ; from Oporto we gather a supply 
of wools for the best classes of carpets ; and the 
coarser home breeds of sheep, with the skirtings 
and higher sorting numbers of the finer w'OoIh, 
make up tho rest of our raw materials. 


179. BRUSSELS LOOM 

Yarns. Many carpet manufacturers buy 
their yarns ready made ; but the greatest manu- 
facturers carry through the whole process 
from beginning to end, from the fleece to the 
finished carpet. So far as the weaver is con- 


cerned, it matters little whether he gets lus 
yarns from a hundred miles away or tho ad- 
joining room ; ho is concerned with the quality 
of his material. Uniformity and good colour 
.\rc the primary requisites of carpet yarns. A 
good yarn is free from lumps and komps, and is 
properly and regularly twisted throughout. 
The fault of lumpy and kempy yarn is obvious ; 
but tho unobservant weaver may not readily 
perceive w'liy tho uniformity of twist is so im- 
portant. Carpets naturally show a good length 
of tho yarn ; if an irregularity of twist occurs, 
tho surface of the carpet will show it, and no 
amount of treatment can hide the fault. The 
cut pile of tho Wilton, for instance, will turn in 
every direction, like the grass -blades in a badly- 
mowii lawm. To make sure that the quality of 
the yam is up to the standard, the weaver should 
test a sample hank by scouring it and com- 
paring it with an unscouredhank ; if the difference 
m twist and weight be very marked, tho yarn 
should be rejeeied, or put into an inferior class 
of carpet. If a large (quantity of one make of 
carpet is being woven, tho tests should bo repeated 
several times, because variations in quality 
aro apt to occur. Wc do not in the least suggest 
fraud ; it is merely a question of workmanship, 
and should be treated as such. In heavy yams, 
such as are needed tor carpets, exactnoss in 
spinning is not to be expected; but a variation 
of a fourth of a count is the utmost limit which 
can be allowed with safety. Uniformity in 
count of yam odds much to the aiipearance 
of a carpet, though it may not seem likely to the 
buperfieial observer. 

Colour. All carpet yarns arc either dyed 
or bleached. For a knowledge of these processes 
we refer the student to tho dyeing section of our 
course. But the weaver has an 
interest in the colouring of the 
carpet which cannot be passed 
over. To every weaving depart- 
ment one or more colourists are 
attacluKl, whose duty it is to 
match the yarns. Selection of the 
colours is one of the most im- 
portant functions in the making 
up of a carpet. Badly matched 
or unevenly coloured yams would 
ruin the finest design conceivable. 
Each form of carpet has its 
own system of apportioning this 
work, and it may be better to 
study it in the course of each manufacture. 

Warps. Carpets have two kinds of warp ; the 
one is the surface or pile warp, with which is our 
chief concern, the other is the body or binding 
warp, which is composc*d of linen, cotton, or jute. 






and in a few cases of wool. Linen is both warp 
and weft in the highest class of loop pile 
carpets ; lately, strong cotton yams have come 
into favour, because they are lighter and cheaper. 
The value of cotton as a carpet warp has not 
yet been thoroughly tested, and we do not 
undertake to dogmatise in comparing it with 
linen. Jute has gone greatly out of favour 
as a warp, because it does not stand well the 
hard wear to which carpets are subject. For 
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theory oi former days, every frame contained 
yam of a different colour, and a five-frame carpet 
was also a five-coloured carpet. Under this 
theory, any at^mpt to put more colours Uian 
frames into a carpet was regard(?d as a kind of 
fraud. It was said that manufacturers were 
cunning who made six colours appear in a five- 
frame, five colours appear in a tour-frame, and 
so on. This was slieer and utter nonsense. 
Our good moralists supposed that the people 



weft, or shoots linen is almost universally used 
for all classes of carpets ; it is softi^r and weaves 
better than cotton of the same weight and class. 
For tapestry carpets we use a warj) significantly 
called stuffing, because it fills up the space's 
between the threads of the warp. Stuffing 
is made of low-grade cotton yarns, or jute. 
It is very soft, and possesses very little tensile 
strength. Both warps and wefts are sized 
or dressed with strong size of a gluey nature, 
generally a weak gelatine. 

Having collected our various materials which 
are general to all forms of carpet, we must now 
proceed to examine the special constitiu'nts 
of each different kind. This may be done more 
simply and quickly in the actual process of 
manidacture than by any other method. 

Brussels Carpets. According to trade 
theory, Brussels carpets are classed by the 
number of pile warps put into thorn. “ Six- 
frame,” ** five-frame,” “four-frame,” and “ three- 
frame,” are the classes woven, the first being 
the heaviest and costliest, and not often sold 
on the market; “five-frame” is most in demand. 
In dealing with this part of our study, we must 
work warily, and make statements with due 
caution. First, let us understand clearly what is 
meant by a freme, and how the number of frames 

determiiK's 
the class of 
the carpet. 




180. LOOP-CUTTING KNIFE 


Beginning to build up our pile warp, we lay down 
a creel of yam bobbins, each one of which will 
supply a single thread to the warp. As there arc 
260 threads in the warp breadth, we require that 
number of bobbins. Tliat is one frame. If 
the carpet is to be a five-frame — that is, a 
carpet with a pile five threads thick—we require 
other four creels or frames, each containing 
260 threads or bobbins. According to the trade 



181. LOOPING WIRE APPARATUS 
(Kobt Hall il Sons, Jtuo , fAd.) 

who bought carpets knew the 
meaning of trade and technical 
U*rras and the customs of the 
industry. A designer might 
put ten colours into a carfx't, 
but no one would buy it because h(* supposed it 
contained ten frames of yarn. Th(5 buyer is moi c 
concerned in buying a carpet to get a pretty pat - 
tern and a reasonable bulk, or wearing quality, 
than with the adht'rence of the* \i(*avi*r to a trade 
tradition of which he has jirobably never heard. 
One way of thinning the pile warp, however, is 
resorted to which can hardly Ihj regarded us 
altogether fair to the buyer. We can put in tlu' 
required number of frames, but, instead of filling 
them w'ith the 260 threads required, we may put 
in only two-thirds of the number and cover up 
the deficiency. There are various ways of doing 
this. Obviously, wo may spread the impoverish- 
ment over the whole pile warp, or wo can confine 
it to one or two frames. Even this, however, is 
not more heinous than the putting of a small 
number of warp threads into an ordinary cloth. 
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The Gammot. If tho carpet is a five-frame 
with five colours, the duty of the ** putter-on” 
is very simple. All he has to do is to procure 
the bobbins of the five differ^at colours, put 
in the creels or frames, and his duty is ended. 
But when there are mor colours than frames, 
and missing threads here and there, his position 
is one of more responsibility. From the design 
a plan of the warp called a gamm<yt must be made 
out, and this is the guide of the puttor-on. In the 
gammot are shown the threes which appear 
and those which do not appear in a given line of 
the warp. It is very simple. One line of squares 
on the paper is assigned to each fram(\ and 
there are 260 squares in each line. Where 
all the warp threads are to appear, the whole 
of the squares will be coloured ; where any thiead 
is to be omitted, the square of that colour would 
be left blank. That is lo say, five out of six. 


On some old looms still in use the first attempt 
at solving the problem may yet be seen. It 
consists of a reciprocating rod with a catch at 
the end, which hooks into one of a set of wires, 
and draws it into the shed. By a similar 
mechanism the wire is withdrawn, after other 
five have been put in, and returned loose, tho 
weaver placing it again in the groove, whence tho 
rod can draw it out again and insert it into 
the shed. 

Looping Wires. More common, however, 
and certainly more convenien. is the roller- wire 
mechanism which inserts and withdraws the wires 
automatically. Several methods of applying the 
principle have come into mo, but all w^ork on tho 
hame basis. A roller is gioovcd info six sections 
^o that any. one section will cover tho space 
occupied by fho number of wires inserted, and 
into those grooves the wires are inserted Tho 
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moment ; the wire inserts itseJf under the raised 
threads ; now the half of the linen warp comes 
up, and forms the shed ; through this the shuttle 
d^ts with its thread of weft, binding the wire in ; 
the pile warp goes down, and the linen warp 
crosses, leaving a shed through which the shuttle 
darts again. In this way we form the pile and 
build up the body of our carpet. 

Wilton Carpet. Roughly speaking, the 
difference between the Wilton and tlie Brussels 
is that the pile of the former is cut to form a 
velvet pile, while the loops of the latter remain 
intact. But the technical differences are much 
greater than that. Wilton carpet looping wires 


belongs to a class of artistic handicrafts which, 
for various reasons, can hardly ffourish in this 
country. No very considerable number of 
British artisans can over be employed in that 
branch of the carpet industry, and those who may 
bo, must be specially trained in all the practical 
details, from the &8t operation to the last, 
unless, indeed, they are mere labourers to the 
skilled workers. The essential characteristic of 
the Axminster and all the Oriental carpets is 
the knotting of the worsted pile, tuft by tuft, 
into the body of the fabric, involving hand labour 
of a tedious nature. This fact- not only brings 
the cost of the carpet up to a figure prohibitive 
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are oval in form, standing higher and forming a to all but the very wealthy, but it also gives tlie 

larger loop than the round Brussels wires ; and Easterns, with their chcaptir standard of living, 

the extremity of each, as if the end had been a great advantage over us. 

hammered out and sharpened on the edge, is a Compton Loom. But the Axminster has 
knife blade LI80J, \v!iieh, when the wire is with- been brought within the machine factory by a 

drawn, cuts the loi ps. But the weaving of series of inventions, of which the Compton loom 

Wilton carpets differs in a very important par- is a fair representative. The Compton loom 

ticular from its rival fabric. On the Brussels, accomplishes the knotting of the tufts of worsted 

the picks of weft alternate, one up and one into the warp by mechanical means. The main 

down ; but in the Wilton weave there are two feature of this loom [182J is an endless latti<*e 

picks of weft up to one down, each wire having chain, on which are swung rollers wound with 

its own binding weft. This keeps the pil(» the M^orsted from which the pile warp is to be 
securely bound after it has been cut. formed. Other features of the loom must be 

Axminster. Tho production of the older carefully studied, 
form of Axminster, which, in all but price, is the Setting. Our first duty is to prepare tho 
rival of the best Persian and Turkish carpets, rollers which supply the pile of tlie carpet. Tho 
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hise Mbintt Aooovdiiig to tits 
'worsted boblw are seleotea a>&d pl^eed on ||ie 
setting niaoliine. Ontbeereelaftbebaekof tbe 
maohmeflSS] the bobbins are arranged in ord^^ 
and a roller is put into the maohine. ^en ^ 
required amount of 7am has b^ ^pnd» p 
knife oomes up and severs the vrocste^, ana 
anther roller is ready for laratk. Thus, with 
swift facility, the rollers are if ound. 

WemTings The roller holders are taken to 
the loom and hung in proper order on the midlesa 
swivel chain, geared on the frame ahove« On 
the loom the warp beam has been placed, and in 
the slay the shuttle is ready. J^t when the 
linen warp sheds, the holder with the pile yam 



r«nrastas KS* When the 

de^ of .tits 00]^ ibi bsan taH on the 
»!*«»« Jte U OVA vsrtiosl strips, 
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tilfe web. 


184. TOWER LOOM TOR OHENUM WEATOTO (J«. T«mpl,tOu & Co., 61.;^ 

comes into contact j it automatictily turns over • 
nippers come up and grip the ends : on tL tense 
worsted a swift knife s^es, fset of 

short threads m the gripping jaws. lienippen 

threads into^^ 

^^^T**®**^** loop round the 
pile, and toe slay drives them tightfy together 
A row of tuf te hw been accurately wovm into 
^“inster carpetB?a« 

®f ““y Irootted by hand, 

Patent Axminoter. In the vear laso 

omH 


which are Imd end to end. 
made constitutes the length of the weo, 

^foUowkig the variation 
of (x^ur marked on the 
sMp, the -weaver [185] 
will make chenille of the 
pattern leouired for form- 
mg the design of the 
earpet. He must bo 
careful, however, to see 
that the strips, when 
fblded one on the other, 
will remake the pattern 
The right-hand end of 
the second strip must bt 

i 'omed on to the nght- 
land end of the first strip, 
the left-hand end of the 
third strip on to the left- 
hand end of the second 
strip, and so on, right 
to the last strip of tb( 
pattern. This strip \<* 
given over to the weaver, 
who lays it parallel with 
the warp on the loom. 

The chenille loom, as 
we have already learnetJ 
has a linen warp tlu 
riireads of which are set 
in sections wide apart, 
80 that the weft ma v 
float free between the 
warp threads. Otherwise 
the loom is simple, whcf* 

« worked by power [184] 

^y that there are five colours in the carpet, c 
have five shuttles of Afferent colours ready to 
place m the shuttle-box. Looking at the pattei a 
^ed on the side of the loom, we find that the 
wst four squares are green ; therefore, we take 
mur picks of green. Neart two squares are 
bronze, and we make two picks of bronze weft ; 
next is a pick of black ; and right on. By this 
^lon we produce a fabric of coloured stripes 
»^en fully woven, the web of chenille is takcu 
on the loom.' Now the web is brought to a 
cutting machine, whereon the warp threads nit 
cut mto halves, and the~whole web is formed 
into strips eximthr rUsembliim pattern strip , 
thu IS toe oh^iiUe we|t,j f^ toe carpet. 

A^iaater. H 
the chenille be upR/it is wound on spooi^ 
and put into shnt^es, like or^ary weft ; but 
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worsted ho« been dried, and wound on lion, a Pafeley manufactured nami^d Jamen 

large bobbinB* According to the design, the Templeton conceived the idea of forming a 

worsted bobbins are selected and placed on the pile of the tufted carpet by weaving into a warp 

sotting machine. On the creel at the back of the the chenille fringes then being largely used for 

machine [188] the bobbins are arranged in order, edging shawls. Obviously, if we fasten stringi' 

and a roller is put into the machine. Wlien the of fringe together, a pile surface will bo produced 

required amount of yam has been wound, a There arc two weavings in the making of the 

knife comes up and severs the worsted, and patent Axminster carpet, but neither involveh 

another roller is ready for work. Thus, with any new principle. Adaptation is the word 

swift facility, the rollers are M^ound. which gives the key to the process of making 

Weaving. The roller holders are taken to this fabric, 
the loom and hung in proper order on the endless For^ning the Pile Weft. When the 
swivel chain, geared on the frame above. On design of the carpet has been put on the 

the loom the warp beam has been placed, and in working paper, it is cut into vertical strips, 

the slay the shuttle is ready. Just when the which are laid end to end. The long strip thu*- 

linen warp sheds, the holder with the pile yam made constitutes the length of the chenille web. 

By following the variation 
of colour marked on the 
strip, the weaver [185] 
will make chenille of the 
pattern required for form- 
ing the design of the 
carpet. He must be 
careful, however, to see 
that the strips, when 
folded one on the other, 
will remake the pattern. 
The right-hand end of 
the second strip must be 
joined on to the right- 
hand end of the first strip, 
the left-hand end of the 
third strip on to the left- 
hand end of the second 
strip, and so on, right 
to the last strip of the 
pattern. This strip is 
given over to the weaver, 
who lays it parallel with 
the warp on the loom. 

The chenille loom, os 
we have already learned, 
has a linen warp tin 
threads of which are set 
in sections wide apart, 
so that the weft may 
float free between the 
warp threads, Othorwisi* 
the loom is simple, when 
worked by power [184J 

comes into contact ; it automatically turns over ; Say that there are five colours in the carpet. \\> 

nippers come up and grip the ends ; on the tense have five shuttles of different colours ready to 

worsted a swift knife strikes, leaving a set of place in the shuttle-box. Looking at the pattern 

short thread«i in the gripping jaws. The nippers fixed on the side of the loom, we find that the 

turn over, and insert the short threads into the first four squares are green ; therefore, we take 

warp of the loom. Warp and weft loop round the four picks of green. Next two squares are 

pile, and the slay drives them tightly together, bronze, and we make two picks of bronze wefi ; 

A row of tufts has been accurately woven into next is a pick of black ; and right on. By this 

the carpet. In this way Axminster carpets, as action we produce a fabric of coloured stripes, 

heavy and strong as any knotted by hand, are When fully woven, the web of chenille is taken 

made at the rate of forty yards per day. The off the loom.' Now the web is brought to a 

lattice chains of rollers can be made any length, cutting machine, whereon the warp threads are 

and therefore the possible variations in pattern cut into halves, and the whole web is formed 

ore practically limitless. • ^ - into strips exactly resembling the pattern strip ; 

Patent Axminster. In the year 1839, this is the chenille weft for the carpet, 
long before anyone else had been able to suggest - Weaving rthc^^l^^jlent Axminster, If 
a way of lessening the cost of the hand-knotted the chenille be ligfit, it is wound on spools 

carpet by the application of mechanical inven- and put into shutues, like ordinary weft ; but 
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for the large carpets we have still to depend 
on manual labour [186]. The chenille is wound 
on to spools, certainly ; but the heavy threads 
are let out by hand, one man holding the one 
end and another the other, while they place 
it on the warp of the great carpet. At the 
same time another weaver gives the picker a 
stroke, and sends the binding shoot of linen 
thread across the web ; then all pull forward 
the heavy slay, and drive home the binding 
weft and weft pile into the warp. As we have 
said, the weaving is all plain and easy work ; 
there is no new principle involved ; but the 
work calls for considerable care and judgment 
as well as the skill that comes from practical 
experience. We should say that the patent 
Axminster gives a strong ancl^ompact carpet, 
and no design is outside its 
compass. 

Tapestry and Velvet Pile 
Tapestry Carpets. Invented 
by Mr. Richard Wliytock, of 
Edinburgh, about the 
year 1840, this form of 
carpet has gained a 
larger sale than any 
other. One very plain 
reason for this is its 
cheapness ; but it has 
other merits, and people 
who are beyond con- 
sidering a few pounds 
in the furnishing of a 
house frequently prefer 
the tapestry carpet for 
the floors of some of the 
smaller rooms of the 
home. This apart, the 
tapestry carpet appeals 
to the largest carjH*! -using public, and in con- 
sequence the tapestry-carpet loom [187] has 
been brought to a higher productive capacity 
than any other carjiet loom. One who has 
stuped and worked the ordinary power-loom 
need have no fear about undertaking to weave 
in the tapestry-carpet facto^ ; but some ex- 
perience and careful observation will be needed 
before the requisite expertness can be attained. 
Females may work the light and narrow looms, 
but the broad looms are almost exclusively in 
charge of men. 

Putting in the Web. On the tapestry- 
carpet loom we have practically three warps — 
the pile warp of worsted, the linen warp, and 
the filling, composed sometimes of cotton, but 
generally of jute. Upon the delicate adjust- 
ment of these depends a great measure of our 
success in weaving. The filling must always 
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lie exactly between the linen waro threads 
and form the backing of the worsted! On the 
other hand, the worsted must start even, every 
thread in its place, or our pattern is ruined. 
If the setter has done her work accurately, 
and all the threads of the pile warp are of 
equal tension and set exactly to tlio pattern, 
we have not much to fear. But many things 
may happen, and the displacement of a single 
stitch may mean disaster. Suppose, for ex- 
ample, one tick of green tips the pink point 
of a rosebud all the way through the web, and 
the thread on which it is printed has got slightly 
drawn out of range, the slight divergence may 
not be observable elsewhere in the masses of 
colour, but always at that one point the 
defect will appear. If this particular thread 
has many changes of colour, the flaw 
will be seen at the edge of every 
change Of course, this gives the 
setter a better chance of seeing and 
correcting the defect, and it more 
often happens in the former case 
suggested. The time of 
getting in a wob is an 
anxious one for all the 
parties concerned, and 
no one breathes quite 
freely till everything 
has been sho'i^n to 
have * come out cor- 
1 ectly. 

Weaving the 
Tapestry Carpet. 

The loops of the 
tapestry carpet are 
formed by the wires 
in the same way as 
in the Brussels, and 
the mechanism employed is similar. Wo have 
here no jacquard or other elaborate appara- 
tus to mind ; the whole operation is simple 
and straightforward plain weaving. Of one 
thing the weaver must be wary. Because of 
the foree demanded from the reed in driving 
home the weft, the loose reed has not been 
adopted on the tapestry loom to any extent. 
In consequence, accidents wdth the shuttle 
are not uncommon. The "weaver should always 
see that the race is plumb with the shuttle-box, 
and that the shuttle does not jump, even to a 
slight degree. Balance is difficult to maintain in 
a loom so heavily driven, and the temptation is 
to trust to luck and get through with the work ; 
but the weaver who makes a study of his loom 
and readily detects the merest disturbance of 
the harmony of its working is most likely to 
weave quickly and well. 
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P LIZ ABETH now came to the throne. 8hc was 
^ twenty-five years old, and had been brought 
up in the principles of the Reformation. She had 
received a liberal education, and was an accom- 
plished scholar. She loved literature, knew 
the great classic authors, spoke French and 
Italian fluently and i*ead the literature of those 
countries. She was fond of music and skilled 
in its expression, and was a brave and well- 
trained horsewoman. 

Character of Elizabeth. Her character 
was made up of contrasting emotions and 
inclinations ; she was sensual and vain, 
and could enjoy any amount* of flattery, 
no matter how extravagant, y(‘t she had an 
unusual amount of clear and practical common- 
sense. While she pass(‘d with many of liei* 
courtiers as a merely frivolous creature who 
could easily be won by the most fulsome praises, 
she was cpiietly taking their measure and making 
them her instruments and puppets. Her com- 
ing to the throne was received with rejoicing 
by the Protestants, who saw that her reign 
would put an end to the persecution of the 
Reformed religion ; and it was also received 
with hope by many (Jatholics, who believed, 
from their reading of Jier character, that she 
would trouble h(‘rself little about religious 
questions so long as she had a brilliant (lourt 
and could amuse herself according to her own 


tastes. 

Jt is not probable that Elizabeth felt very 
deeply on religious matters, but her shrewd 
understanding soon taught her that her place 
in life must bo that of a great Protestant ruler. 
Tlie Pope, Paul IV., declared that he regarded 
her os illegitimate and could not sanction hei 
{'laim to the succession, and that as England 
was under the control of the Papacy she must 
resign her pndensions to the throne. The 
Pope’s action only served to convince the 
Protestants of England that they must stand 
by her sovereignty or submit to England’s 
becoming a servant of the Papal rule. It 
seemed to them that to be an English Protestant 
w as to be an English patriot. Elizabeth adopted 
the policy of th^o persecution of the Catholics, 
probably believing that she could not seizure the 
safety of her throne, or the ind(?pendenco of 
England from foreign interference, by any 
other course. 

Elizabeth and Mary Queen of Scots. 

One of the events of Elizabeth’s reign most 
damaging to her character in history is the 
maimer in which she acted towards Mary 
Queen of Scots. Mary has ever been one of the 
most romantic figures in history. She was a 
woman of great beauty and charm, and of much 
intellect and culture. She w'ent through many 


successes and misfortunes before the time when, 
in a moment of despair, she threw herself on 
the protection of Queen Elizabeth. Mary wont, 
to Franco in 1548, and was affianced to the 
Dauphin. She passed the next t(‘n years at 
the French Pourt, where she received an excellent 
education. In 1558 she wtis married to the 
Dauphin, who on the death of the French King 
succeeded to the throne; but he died in the 
following year, and some struggles then began 
in France for the succession and control ot tlu' 
administration. 

An Unfortunate Marriage. In Scotland 
the death of Mary’s mother had left the State* 
without a head, while the country was much 
disturbed by tlu* followers of the old nfligion and 
the new^ Mary had no desire to onto into that 
contest, and as the Reformer's claimed to hav<* 
the sanction of the Scottish Parliament she 
allowed them to take their course, while main- 
taining her own right to follow the leacliing of 
the (Jatholic ChurcJi. Her reign went on for 
some time in comparativ(‘ peac’e and prosjierity. 
It was soon thought necessary, however, that 
she should find a husband, and the Archduke 
Oharh's of Austria, Don Carlos of Spain, and 
many other nobles at home and abroad were 
suggested (‘andidatos fhr her liand. Mary 
would have ehostui Don Carlos, but this not 
being satisfactoiy to her Parliament , she suddenly 
decided to marry h(jr cousin. Lord Darnlcy, 
w^hose mother was a granddaught/cr of Henry 
VH. of England. Th<‘ marriage was in eveiy 
way most unfortunate for Mary. Damley w'as 
w'orthless and vicious, and she was soon repelled 
by his immorality and alarmed by his selfish 
ainbition. Damley had obtained from her the 
title of King, but when he tried to induce* her 
to secure the crown to him for life, and to his 
lieirs if slio should die without leaving a child, 
Mary refused to give her consent. 

Rizzio and Lord Damley. Mary’s 
leading Minister since she returned to S('()tland 
hod been her half-brother, the illegitimatf* son 
of James V., James Stuart, a Protestant, whom 
she had made Earl of Moray. On Mary s 
marriage with Damley, Moray and some otiier 
S(’oteh nobles had rebel l(?d against her, hut tin* 
rt‘b(*llion was easily Huppn‘ss(*d, Mary dealing 
mercifully with the* offenders. Since then 
Mary’s principal adviser lutd been David Rizzio, 
an accomplished but not judicious or trustworthy 
Italian, whom Damley had hitherto regarded 
as one of his most devoted friends. When 
Mary refused to satisfy Darnley’s ambitious 
designs he at once regarded Rizzio as the cause 
of her refusal, and believed that he was her 
lover. Damley persuaded some of the great 
Protestant nobles that Rizzio was influencing 
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the Queen against the Protestant Church, and 
on March. 9th, 1566, he broke into the Queen's 
room with a number of his new allies, and held 
her while they dragged Rizzio away and mur- 
dered him. 

Notwithstanding this, Mary still received her 
husband as before, and even succeeded in draw- 
ing him away from his recent allies. She may 
have forgiven him on account of his jealousy, 
or she may have determined, as a Catholic, not 
to renounce the man to whom she was married. 
Another reason may have boon that a child of 
their marriage was about to be bom. On 
Juno 19th, 1566, Mary gave birth to a boy, after- 
wards James I. of England and VI. of Scotland. 

But before long Darnley’s character became 
more repulsive than ever, and there was again 
some question as to the possibility of a divorce. 
The separation, however, was not destined to 
be accomplished by mutual consent or the 
operation of the State. In January, 1567, 
Darnley was attacked by smallpox at Glasgow, 
wher’e Mary visited him and brought him back 
to Edinburgh. He was placed in a house outside 
the walls of the city, close to the Kirk o’ Fields ; 
and throughout his illness Mary attended 
him constantly, sleeping in a room below his 
bed-chamber and passing the evenings with 
him. On the night of Sunday, February 9t]i, 
she left him to go to a festival in Holyrood 
Palace in Jioaour of the marriage of a favourite 
servant. About two hours after midnight the 
house in which Darnley was lying was blown 
gunpowder, and his body was found 
afterwards in the garden. 

Bolhwell. Public opinion in Scotland at 
once ascribed the crime to Janies Hepburn, Earl 
of Both Well, a Scottish noble who had been mucli 
favoured by tJie Queen Regent, and raised to 
high official position by her although he had 
long declared himself a Reformer. In I56t), he 
was sent by Mary of Guise on a mission to 
France, and there he first met the Queen of 
Scots, wlio, when she rctui’nod to Scotland, 
made him a Privy Councillor. He was an 
ambitious and audacious man, and his schemes 
brought on him imprisonment in Edinburgh, and, 
later, exile to England and to France. After 
her marriage Mary recalled him, and restored 
to him all his dignities. Bothwell was brought 
to trial as the author of Darnley’s murder, but 
was acquitted, and the trial was regarded by the 
public as a mere sham. Within less than a 
fortnight after his acquitttal, he captured Queen 
Mary as she was passing from Linlithgow to 
Edinburgh. She offered no resistance, and ho 
carried her to his place at Dunbar. Botliwell 
had been married not long before to a charming 
young woman, from whom he now obtained a 
divorce. Maiy gave him a public pardon for 
his seizure of her person, and created him Duke 
of Orkney, and within three months after her 
husband’s murder became the wife of the 
man whom the whole country regarded as the 
author of the crime. 

This brought all her leading nobles into open 
rebellion against her, and the feeling of the 
country now condemned her as it condemned her 


new husband. It was believed bv some that 
Mary was a party to the plot for the murder of 
Darnley, or at least a tacit accomplice, although 
this was never proved. The army she had raised 
to resist the forces of the nobles dissolved without 
striking a blow when they showed themselves in 
battle array, and Mary was compelled to sui- 
render. She was consigned to a prison in the 
island of Loch Leven, and forced to sign an act 
of abdication in favour of her son, who was imme- 
diately proclaimed King at Stirling. After a 
long imprisonment, she contrived to escape and 
to rally to her side a small army of about 6,000 
soldiers, which was utterly defeated by the 
Regent, Moray. Then it was that she threw her- 
self on the protection of Queen Elizabetli, and by 
that act brought about the close of her strange 
career. Although she was kept a prisoner, her 
presence in England was a source of continual 
trouble to Elizabeth and her counsellors. 

Execution of Mary Queen of Scots. 
‘Mary had still many supporters among the 
Catholics of these countries and of France, Italy, 
and Spain, who refused to believe her guilty of 
any crime, and regarded her as the last hope of 
the restoration of the old Faith. Several plots 
were made for her release, and even for the 
assassination of Queen Elizabeth. It was said 
that letters from Mary were discovered during 
the trial of some of the plotters showing that 
she was a consenting party to their projects. 
She was put on her trial in September, 15S6, 
found guilty, and sentenced to death. Elizabeth 
was for a time reluctant to sign the death 
warrant, and seems to have felt some doubt of 
the genuineness of the conviction, and some 
consideration for her unhappy captive. The 
Queen was at last prevailed on to sign the 
warrant, and on February 8th, 1587, Mary was 
put tu death on the scaffold. To the last she 
bore ’herself with a composure and a queenlike 
dignity which deeply impressed all the beholders. 
She w'as buried at Peterborough, and some years 
after her body was removed to the Chapel of 
Henry VII., where it still remains in a tomb 
raised by her only son, James I. 

After the death of Mary, the Government of 
Queen Elizabeth increased in severity towards 
the Catholics. An Act passed in 1585 declared 
the presence of a Catholic priest in England to 
be treasonable, and his protection to bo felonious, 
measures which were in many instances en- 
forced. Such enactments, and the unsparing 
rigour with which tliey were carried out, aroused 
the strongest feeling of hostility among the 
Catholic nations, especially in Spain. 

The Spanish Armada. Philip II. of 
Spain was himself a persecutor of faiths not his 
own, but he was none the less fervent in his 
dcpunciations of the persecution of the Catholics 
by Queen Elizabeth. He had other grudges 
against England as well as religious and political 
ones, for he had not only been an unsuccessful 
suitor for the hand of Elizabeth, but his policy in 
the Netherlands had been much opposed in 
En^and. He had long contemplated an attack 
on England, and had even allowed his intention 
of invading England to avenge the death of a 
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Catholic queen, and to restore her religion, to be 
publicly known. He had spent some years in 
maturing his plans, and the Armada of 1587 con* 
sisted of 130 large ships, more than 3,000 
cannon, 8,000 sailors, 10,000 galley slaves, 
20,000 soldiers, and some 1,400 voluntt‘or8, 
chiefly noblemen and their attendants. The 
whole Armada was commanded by the Duke of 
Medina- Sidonia. Th<' English fleet, hurriedly 
prepared to encounter the invasion, consisted of 
80 vessels under the command of Lord Charles 
Howard, Sir Francis Drake, and Sir John 
Hawkins, and there were three armies on shore 
to repel the invaders should they effect a landing. 
The Armada sailed from Lisbon in May, 1588, 
but was dispersed by a violent storm. The fleet 
was soon got together again, and it actually 
entered th«* English Channel off Cornwall on 
July 28tli, 1588. A series of engagements fol- 
lowed, in which the Armada suffered heavy losses, 
w^as dispersed by fireships, and had many vessels 
captured or sunk by the English. 

Elizabetli had been slow to admit the serious- 
n<‘ss of the danger, and her endeavours to keep 
down the ex])enses of the naval pn'parations led 
to the English victory being less rapid and com- 
plete than it would otherwise have been. 

But in spite of this it soon became evident to 
the Spanish commanders that the day w'as lost, 
and they began their retreat to Spain in tlie 
o})ening of August, suffering heavily from the 
stormy weather. The Spanish arc computed to 
have lost 35 ships and 13,000 men. 

The Age of Literature. The leign of 
Elizabeth was the greatest age of literature 
England has seen, and may chalUmge comparison 
wiUi any era of the world. The nam(‘ of 
Shakespeare alone would immortalise the reign. 
It was also the era of Edmund Spenser, of Sir 
Pliilip Sidn(*y, of Marlowe, of Massinger, of Ben 
♦lonson, and of many other great men whos(‘ 
works, if they do not retain at the present day 
their full popularity, are yet standard produc- 
tions of poetic and dramatic literature. jSee 
Literature ] 

Another great man of a different order, also 
an author, was Sir Walter Raleigh, a daring 
and successful soldier and explorer, some of 
whose highest triumphs were achieved during 
the reign of Elizabeth. But her chief favourite 
was Robert Dudley, Earl of Leicester, an attrac- 
tive and brilliant but insincere and self-seeking 
man. Elizabeth was so taken with Ix'icester that 
she would undoubtedly hav(‘ married Ixim but 
for the remonstrances of some of her most influ- 
ential advisers. After Leicester’s death, Elizabeth 
took into her special favour Robert Deveroux, 
Earl of Essex, but it is generally believed that 
her affection for him was maternal rather than 
lover-like. A quarrel arose between them, and 
according to stories told at the time, Essex 
turned his back upon her, and the great Queen 
forthwith boxed his ears. The two wore never 
thoroughly reconciled. Essex after Awards plotted 
against Elizabeth, was found guilty of high 
treason, and on February 25th, 1601, was 
beheaded in the Tower. 


Elisabeth and Ireland. Whatever may 
have been Elizabeth’s faults, she unquestionably 
had a sincere devotion to what sne believed 
to be the interests of England. In a speech 
to her first Parliament, she declared that 
“ Nothing, no worldly thing under th(‘ sun, is 
so dear to me as the love and goodwill of my 
subjects.” In this we may cwHlit her witii 
sincerity, and it is certain that she was a most 
popular sovereign with all those of her subjects 
who clung to th(‘ principles of the Reformation. 
She was unpopular in Scotland among thos(* who 
favoured the cause of Queen Mary, and as un- 
popular in li’cland, w'here slu* suppressed several 
rebellions and where her nanu' is held to this 
day in detestation by th(5 majority of the people. 
()nc» of the most famous of her opj)onont8 in 
Ireland was Shane O’Neil, who l>elonged illegiti- 
mately to tho great house of O’Neil, on the head 
of which Henry Vlll. had conferred the Earldom 
of Tyrone. Tho title carried with it, according to 
English law, the principle of hereditary descent, 
but in Ireland the clan or family wore allowed 
to choose any member of the house to be its chief. 
Thus, on the death of tlu' first earl, Shane 
O’Neil was chosen as his successor. 

The end(‘avour to enforce the Reformation 
principles in Ireland had aroused bitter resent- 
ment and hostility among the Irish, and the 
national cause had become a i*eligious one as 
well. Shane O’Neil, already distinguished in his 
<‘ountry by his devotion to tho Irish cause, pro- 
clairnecl himself the champion of Ireland’s 
restoration to national independence. Elizabeth, 
amid all her troubles with foreign States, had to 
send a large army into Ireland, for Shane 
prov(‘d a formidable cmemy. The Queen seems 
to have been attracted by the character of th(‘ 
r<‘bel, and to have been inspired by the idea that 
she might win him to loyalty if she had an 
o])port unity of discoursing with him. She 
invited him to visit her at her Tourt , and expressed 
a hope that she and her Irish peoples might be 
able to come to terms. O’Neil accordingly went 
to England with a number of his rt^tainers. 

An Unsuccessful Ambassador. The 
negotiations, however, came to nothing, and 
h<* was retained in London rather as a caj>- 
tivo than as an ambassador. Eventually the 
Que(*n made it known that O’Neil was to be 
regarded in future as a loyal subject. But when 
he went back to Ireland he declared that he had 
been compelled to accept the terms under 
peril of captivity or death, and again rebellion 
broke out. 

O’Neil came to his end in a manner unworthy 
of his position as an Irish leader. Jn June, 1567, 
a quarrel broke out at a drinking festivity 
betw<‘en him and some men who had been tribal 
enemies of his. The quarrel liecame serious, and 
Shane and some others were killed, and Ireland 
remained in a state of rebellion against England, 
more or less, through several generations. 

In her later years Elizabeth sank into ill-health, 
and she died at Richmond on March 24th, 1603. 
With her death came to an end the dynasty of 
the Tudors. 
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CHAIN GEARS AND CLUTCHES 

Stud Chain. Block Chain. Bush Roller Chain. Renold Silent 
Chain. Friction Wheels. Friction Cones. Friction Clutches 


By JOSEPH W. HORNER 


Gearing Chains. Gearing chains are used 
for transmitting power in caso^ where a flexible 
yet accurate drive is required. Their loading 
applications may be enumerated as follows: 
Driving steam-engine governors ; driving line 
shafts from electric motors; driving motor- 
car axles ; driving pump and machine tools 
from electric motors ; driving feed gears of 
machine tools ; driving grain elevators and 
general conveyor work ; travelling gear of steam 
and electric cranes ; agricultural machinery, 
etc ; hoisting tackle for pulley- blocks and 
cranes. There are various types of gearing 
chains in use and each 
type has its sphere 
of application more 
or less distinct from 
its fellows. 

The leading types 
are the stud chain, the 
hhek chain, the bvfth 
roller chain, and the 
patent silent chain. 

The St\id Chain. 

Fig. 119 shows a 
heavy stud chain as 
used for hoisting 
tackle. It is designed 
for a working load of 
10 tons, and a factor 
of safety of 10, con- 
sequently its breaking 
load would bo 100 
tons ; a chain of this 
nature is designed 
simply for strength, 
and has not sufficient wearing-surface to render it 
suitable for transmitting power except at very 
slow speeds, not exceeding, say, 60 ft. per minute. 

A table is given on this page showing the 
principal dimensions of this type of chain for 
various loads. The factor of safety varies in 
practice from 6 to 10 ; the loads given in the table 
are breaking loads, and must be divided 
by a factor of safety to obtain working loads. 
This chain is sometimes termed pin and link 
chain. 

The Block Chain. This is suitable for 
speeds up to 500 ft. per minute. The block may 
be hollowed, or flat ; the design of this chain, 
as well as those which follow, is based upon 
the provision of ample wearing-surface rauier 
than upon actual strength ; the proportions ore 
settled by practice rather than by calcidation. 
Accordingly the selection of a chain for any 
particular duty is best left in the hands of 
expert manufacturers such as Hons Renold, Ltd., 
of <Manohester, whose reputation is world wide. 
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119. STUD CHAIN 


Fig. 120 illustrates a working drawing used in 
the manufacture of such chains. 

It will be seen that not only arc all the details 
fully dimensioned, but the drawing-sheet con- 
tains data with regard to quantities and to 
material ; the perspective view of the block 
gives a good idea of its shape at a glance. An- 
other feature to be noticed is the extreme exact- 
ness of the dimensions, vulgar fractions being 
inadmissible with the accurate machinery used 
in the manufacture of the chain. 

The Bush Roller Chain. Suitable for 
speeds up to 800 ft. per minute, the con- 
struction of this chain 
will bo seen from 123 A 
and 123B, which is 
^ a reproduction of a 
Renold working draw- 
ing. The rivets of the 
chain carry hardened 
bushes, which form 
a bearing for the anti- 
friction rollers which 
engage with the wheel 
teeth. The latest 
practice of Hans 
Renold, Ltd., in the 
matter of issuing shop 
drawings is to show 
each component part 
on a Beparak* card, 
ca ’ll 6 m. long by 
5 in. wide [121]. Tlie 
advantages of using 
the car(& are briefly 
these : (1) The work- 
man has only the drawing of one item in front 
of him, and since that is the one which he is 
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120. BLOCK CHAIN DBAWINQ 


ocmcenied with, no time is lost in 
having to pick his part off a drawing 
containing other work ; (2) if an 
alteration is to be made it entails only 
the calling in of a few cards and the 
issuing of revised ones, the incoming 
cards oeing destroyed, but when the 
whole drawing [1&] is involved, it is 
a much more troublesome and expen- 
sive matter to put right ; (3) the 
whole drawing is retamed in the 
drawing office, and assembly cards, 
as 12% are issued for putting the 
parts together. 

The Renold Silent Chain. 

The honour of designing and construct- 
ing the only satisfactory high-speed 
chain belongs to Hans Renold ; 1,2^ ft. 
per minute can be attained with this 
chain [124]. The construction is 
unique, and the action of engaging 
with the wheel teeth is entirely different 
to ordinary chain gears. In order to 
imderstand this better we will first 
investigate the action of ordinary chains 
and the formation of wheel teeth. 

Fig. 125 illustrates a wheel suitable 
for working with the chain shown in 
119 ; the tooth curves are involute, and 
there is just enough space at the 
roots for the easy working of the 
studs as the chain enters and leaves 
the teeth. This is the simplest form 
and works satisfactorily with slow 
speeds and uniform loads. As speeds 
increase and loads vary, this con- 
struction must be modified ; the best- 
made chain will stretch, and then 
the wheel has to accommodate a varying 

, and an incrcas- 

Ilk I FINISHED LINK IcT I , pitch. 

Another com- 
plication has 
also to be met ; 
the driving 
wheel has a 
tendency to 
run faster than 
the chain, wliile 
the driven 
wheel tends to 
lag behind the 
chain; this 
effect is seen in 
126, which is 
idig^tly exaggerated in order to show the clear- 
ing allowances made. The pitch of the teeth is 
greater than the pitch of the chain in the case 
of the driving wheel, and the tooth spaces are 
much wider than actually required for the 
accommodation of the roller alone ; such 
construction the above-mentioned difficulties are 
overcome, but the life of the chain is seriously 
impaired if run beyond a speed of, say, 600 ft. 
per mutate. The difference in pitch between 
the chain and the wheel giveoLnse to a series 
of little sho<to as the load la transferred 
from tooth to tooth while running, such blocks 


being the cause of the wear and noise which 
limit the speed. 

The Patent Silent Chain. Referring 
now to the patent silent chain [124], we see that 
the action of the links is to come quietly into 
position without slide or shock ; when the teeth 
are worn, or when the chain is stretched, the chain 
rises automatically up the wheel tooth, as in 
127, and so accommodates itself to altered 
conditions, and maintains a silent drive. The 
chain consists of a number of links of the outline 
shown, there being from 4 to 12 abreast accord- 
ing to power transmitted. There are various 
modifications of construction adopted to suit 



122. ASSBMBLY GABD BOB BUSH BOLLBB 
CHAINS 


3 

RNI8HE0 LINK 

aONM 

C 391 


4 I 9 779 > K I isa lb* 1 





anssniirTjjn 
J0L I 


121. FINISHED LINK DBAWINO 
CARD 


*7 


4001 







128A. BUSH ROLLER CHAIN DRAWING 


dififerent drives, but the above principles do not 
alter. 

Chain WheeU. Cliain wheels are ordinary 
castings for heavy stud chains, but are in- 
variably machine-cut for all other types. The 
diameter of a wheel is naturally kept as small 
as possible in order to keep the chain speed down, 
and also to save expense. When using hhck 
chains the limit of teeth in the pinion may be 
taken as six, although smaller ones have been 
employed for special work. With roller hush 
chains eight teeth 
are considered to 
be small enough 
for ordinary work, 
while the ratio of 
the wheel and 
pinion should not 
DO more than 7 or 
8tol. ThesmaUest 
wheels for the 
patent silent chain 
should not contain 
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less than 15 or 18 teeth, 
according to construction of 
chain ; the gear ratio recom- 
mended should not be more 
than 5 to 1. 

It is desirable to arrange 
a gear drive so that it con- 
tains an even number of 
links or pitches ; when this 
is unattainable recourse is 
had to special links as shown 
in the top right-hand comer 
of 128B, where they are 
cranked to fit outside of 
the links they would come 
abreast of. 

Chain Belting. A 

chain belt is a form of 
metallic chain used largely 
for elevating and conveying 
machinery ; the links are 
invariably of malleable cast 
iron. The design and manu- 
facture of this chain is even 
more in the hands of special- 
ists than that of the fore- 
going types, consequently the 
draftsman is rarely or never 
called upon to design them. 

Friction Whoela and 
Clutches. These are used 
for the transmission of 
power, at intermittent in- 
tervals, from constantly- 
moving machinery; or for 
rapidly disconnectmg a por- 
tion of moving mechanism ; 
or for connecting machinery 
to engine after it has started 
up. A common application 
of the latter form is met 
with on motor-car work, 
where the engine is not 
capable of starting up 
against full load. 

The principles underlying this class of mechan- 
ism are discussed on page 958, and applications 
are illustrated on page and 963 in Mecha- 
nical Engineering. We therefore proceed to 
delineate more fully several leading types. 

Fig. 128 shows a flat- faced friction wheel and 
pinion as used on a friction hoist. The wheel 
is keyed to the rope-barrel of the hoist, and the 
barrel runs loose upon the shaft. The end of the 
shaft is formed eccentrically, and is moved 
through a portion of an ai^ by means of the lever 
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aadoord. This movement 
brings the friction wheel 
into contact with its 
pinion, which latter is 
running constantly; the 
friction set up between 
the two surfaces causes 
the wheel to revolve. The 
barrel, being keyed to the 
wheel, must go with it, 
and so the load is lifted. 
The calculations involved 
are simple, and may be 
stated thus : The loM to 
be lifted is 1 ton, the 
corresponding load on the 
periphery of the wheel is 
load X A _ 2.240 x 9 
B “ 61 

= 396 lb. 

Assuming the coefficient 
of friction to be *2 (cast 
iron on cast iron), then 
the pressure required be- 
tween the wheel and 
pinion is 

= 1.9761b., 

and the load on the opera- 
ting cord is therefore 
1,976 X 0 „ 1,976 x *76 
D ’ 70 

• = 21 lb., 

which is quite within the 
capacity of an average 
man to manipulate. The 
pulleys are designed as 
oidinaiy belt pulleys, but 
are somewhat heavier 
throughout, to withstand 
shocks due to the sudden 
application of the load. 
M enlarged view of the 
eccentric formation of the 
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shaft is given in 128, which is a neat way of making 
a very wort lever arm. The weight near the end 
of the long lever is so placed in order to ensure 
the large pulley returning to contact with a 
bri^e block arranged overhead, when the hand 
cord is released. The width of the wheel is 
6 in. in the case illustrated, and this works out to 

ii— = 329 lb. per inch of width. 

This represents average practice. High pressures 
per inch of width tend to heat the pulleys. 
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Friction Cones. Friction cones, or cone- 
couplings, as they are sometimes termed, are 
used for coupling shafts together while one of 
the shafts is running, or for taking power from 
a revolving shaft. The latter application is 
shown in 129, the view illustrated being a 
section, and all portions circular. The outer 
cone piece A is bushed and runs loose on the 
shaft, being kept in its place endwise by 
means of the collars B and C. Teeth are cMt 
on the outside periphery, which engage with 
corresponding teeth of a spur whew. The 
inner cone piece D slidos upon feathers fitted 
in the shaft, and is moved by suitable lever 
gear fitted to the groove E. Driving 

of the 

^ ^ ^ \Q/ P 1 A ® ® 

' ^ ^ when the 

\ ^ / ocmes aire 

* 127. ' pressed 

benold silent chain when worn together 
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with sufficient force to overcome the resistance 
to slipping between their surfaces. The end 
pressure required depends upon the coefficient of 



120. FRICTION CONE8 


friction and upon the angle of the cone. The 
general formula in use is P = 


L X sine 6, 


where 


P is the necessary end pressure, L is the load to 
be transmitted at the mean diameter 
of the cone. $ is used to denote the 
angle ; ** sine ’’ is a trigonometrical ratio 
of the angle B, and is found by dividing 
the perpendicular by the hypotenuse ; 

denotes coefficient of friction. The , Ll- . ; | 
angle B is usually 10 deg., and fi may be 
taken as -2 for oast iron on oast iron. 

Reversing Cones. Another 
application of the forgoing type of 
cones is shown in 180. The outer cone 
A is in this case driven from the shaft 
by means of the cottar B, which passes 
through a slot, C, in the shaft. This 
cottar also passes through a central rod 
which is moved endwise at the centre 
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of the shaft. The outer cone is double-ended in 
order to engage with either the right or left hand 
inner cones, and these latter are each cast in one 
piece with a bevel pinion, and both pinions gear 
into a single bevel wheel ; the shaft I) runs con- 
tinuously, and carries the outer cone with it. 

When the shaft is running in the 
^ direction of the arrow E, and the 

cone P is engaged, then the bevel 
_ wheel runs in the direction of the 
- — ^ arrow G ; but if the cone H be 

engaged, then the bevel wheel re- 
volves in the direction of arrow J. The central 
rod device can only be used when the cones are 
located a short distance from the end of the shaft. 
Failing this, they may be moved, as in the case of 
129, by forming the groove around the centre of the 
outer cone. The feather K assists to drive the outer 
cone, and its ends keep the inner cones at their 
proper distance apart. Sometimes collars are fitted 
at file ends of the feather in order to prevent the 
ends of the cones being cut by the feather. 
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Friction Clutchea. The principal ob- 
jection to the use of the friction devices just 
described is the resulting end pressiu’e upon the 
bearings of the shafting Figs. 181 and 182 show 
two friction clutches which are practically free 
from this defect. 

An expanding ring clutch is seen in 182. It is 
double-ended or reversible. The expanding ring 
A is driven from the shaft by key and by the 
piece B. It is e:imanded to drive the hollow of 
the mitre wheel C. In order to effect the ex- 
pansion, the ring is divided at D, and receives 
a 8 eel wedge piece, which is forced up by another 
wedge formed on lever £. This lover is moved 
by striking the cone piece F to the right or to 
the left. The angles of the wedges and of the 
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cone are such that they slip back when tha 
pressure is removed. The adjusting screw Q on 
the end of the lever provides moans for follow- 
ing up the wear on the working parts, and so 
keeping the relative stroke of the cone a 
constant. 

A friction ''lutch which has wide applications 
amon^t mill work and winding engines, and can 
be built to transmit thousands of horsejpowers, 
is shown in 181. It is made hy the Wellman 
Seaver Morgan Co., Ltd. It consists of a centre 
driving disc A, which is keyed to the shaft, and 
carries with it a wood-lined strap, B, which is 
adjustable by means of its anchored end, C, on 
driving piece B, and is tightened by the end 
marked E and the lever F, 3ie tail end of which 
has a spherical connection with the link G. The 
sliding collar H is moved by suitable striking 
levers, and causes the 
link G to move the 
ball end of the lever 
F from position J 
to position K. The 
strap is thus tightened 
upon the rim of anv 
drum or wheel which 
may be interposed be- 
tween the strap and 
the driving disc A, as 
shown in chain dotted section. Such interposing 
rim does not have any contact with disc A. 

The leading dimensions of one of these clutches 
are given on the drawing [181], which is a 
6-ft. diameter example, and can transmit 
11 -horse power per revolution, with a maximum 
load of 20,000 In on the rim. 

Continued 
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THE USE AND ABUSE OF DRUGS 

CHEMISTRY 

28 

Remarkable Properties of Drugs and Beverages. Value of Tea and Coffee. The 

Ccutinued from 
paga 8»ift 

Ridiculous Claim for Alcohol, Morphia, Opium, Tobacco, Strychnine, Quinine 


By Dr. C. W. SALEEBY 


Opium and Civiliaation. We must now 
turn to a detailed discussion of a few of the most 
important vegetable alkaloids, and we shall begin 
with what for ages has been recognised as the 
most valuable of them all — a substance which 
has no rival in relieving pain, and which, unfortu- 
nately, by a perversion of the power of science 
has lately become accessible to all and has added 
another and a most terrible vice to our civilisa- 
tion. The juice wliich exudes from the ripe 
capsules of the poppy is known when dried as 
opium. The complexity of the composition of this 
product is amazing. Besides morphine, it actually 
contains at least seventeen other alkaloids, 
together with some peculiar acids, and a whole 
host of different salts as well as some neutral 
principles, albumen, glucose, fats, a volatile 
oil, etc. 

We insist upon this complexity of opium be- 
cause it is obviously a very serious objection 
to the use of this substance in medicine No 
wonder It upsets many people. Of all these 
constituents, however, there are only two that 
are of the slightest value. Both are capable of 
ready isolation. Hence, except on the ground 
of expense — which in such connection is not 
worth considering — there is really no adequate 
reason why opium or its preparations should 
ever be used as drugs. Opium should be used 
merely as a source of the alkaloid morphine, 
which it contains to the extent of about 10 per 
cent., and of the alkaloid codeine, which is a 
methyl-morphine. The alkaloid ththaine, which 
has already been mentioned, is yearly responsible 
for a very large number of infant deaths since, 
in the case of infants, it is the most dangerous 
in^edient of tho various patent medicines con- 
taining opium, with which the wicked and 
ignorant state of the law still permits many 
mothers unconsciously, or half consciously, or 
even deliberately, to kill Dheir babies. 

The Preparation of Morphine, The 

preparation of morphine may be briefly de- 
scribed, since it is fairly well indicative of the 
general process by whicn alkaloids are isolated 
A cold, concentrated, aqueous solution of opium 
is treated with the chloride of calcium or barium. 
This precipitates various ingredients of the opium 
and converts the morphine into a hydrochloride, 
which is precipitated in turn by the addition of 
ammonia. The morphine thus obtained is washed, 
dissolved in hydrochloric acid, and crystallised 
out in the form of the pure hydrochloride, which 
is the most commonly employed salt. This is 
fairly soluble, like the salts of alkaloids in 
general. Morphine itself is not soluble in less than 
1,000 parts of cold and 300 parts of boiling water, 
llie most important fact of the pure chemistry 
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of morphine is that its decomposition, as might 
be expected, yields pyridin and chinolin. 

Unfortunately,* the higher chemistry has not 
yet reached a point which permits us to say 
anything whatever about the chemical actions 
involved in the effect of morphine upon the 
brain and other parts of the body. 

Opium Poiaoning. Wo can here briefly 
discuss, however, the chemistry of the very 
interesting subject of opium poh'.oning. Tho 
first fact wortlxy of notice is that the most 
efficient means of persuading the stomach to rid 
itself of the morphine it contains is to be found 
in the prompt use of the substance called 
apomorphine, which, as we have seen, is morphine 
minus one molecule of water. This little difference 
is sufficient to deprive apomorphine of all the 
actions upon the nervous system which are so 
characteristic of morphine itself ; but, on the 
other hand, the loss of this molecule of water 
endows it with the property of being by far the 
most powerful of all known emetics. 

Tho second point about the treatment of opium 
poisoning is tho very great value that attaches 
to tho administration of the permanganate of 
potassium, KMn 04 . About ten grains of this 
should be dissolved in one ounce of water. If 
Condy’s Fluid is at hand it may be diluted and 
administered, this being a solution of the salt. 
Similarly, if the stomach pump is employed, 
eight or ton grains of the permanganate of pot- 
assium should be dissolved in every ounce of 
water to bo used, or the stomach may be washed 
out with diluted Condy’s Fluid. The value of 
the permanganate lies in tho fact that it im- 
mediately oxidises any morphine with which it 
comes into contact, producing substances which 
are entirely harmless. In short, morphine is a 
reducing agent, and one of the tests for it con- 
sists in the decolorisation of solutions of potassium 
permanganate — this being duo to tne simul- 
taneous destruction both of the morphine and 
of the salt in consequence of the transference 
of oxygen. 

Obviously, the chemical aspect of the treat- 
ment of opium poisoning is concerned merely 
with the morphine that i^mains in the stomach. 
Unlike the case of carbolic acid, which can be 
pursued even into the blood by chemical anti- 
dotes, os we have seen, morphine, after absorp- 
tion into the blood, can unfortunately not be 
attacked by chemical means. 

The Chemistry of Morphia. Chemistry, 
however, has been of the greatest value 
in elucidating the facts, long familiar to 
physicians, of chronic opium poisoning or the 
similar poisoning due to the ha&t of using sub- 
cutaneous injections of morphia. The chemical 





elnoidation of thi<) Bubjeot is of the greater 
interat beoaufie parallel facts are more than 
likely to be demonstrated in the case of other 
chronic poisonings, such &s that by alcohol, which 
is, of course, vastly more important than even 
this. 

Let us keep in our minds what we have already 
noted regar(£ng the remarkable fashion in which 
the simplest and most easily effected change in 
the constitution of the molecule of an alkaloid 
may cause it, so to speak, to turn upon itself, 
and thus to possess pharmacological properties 
directly antagonistic to those which were 
formerly characteristic of it. Further, let us note 
that in many plants we find pairs of antagonistic 
alkaloids of which, in all probability, one is 
derived from the other by some such simple 
change as we have already illustrated. Remem- 
bering these facts, let us consider the case of 
chronic opium poisoning, or what, to give it its 
technical term, we may call nu)rphinonutnia. 

The Victim of the Morphia Habit. We 
find that the patient becomes depressed, irritable, 
weak, nervous, sleepless, and ill in many other 
ways at a certain definite point after taking a 
dose of this drug. But a new dose taken at this 
point will relieve all his symptoms, though 
this relief will inevitably be followed by a 
recurrence of them, to be similarly relieved. 
Now, this cycle of symptoms is muen more ex- 
treme than one could reasonably explain on the 
more theory of reaction in the nervous system. 
If a victim of the morphia habit be suddenly 
deprived of his drug entirely, he will not only 
bo miserable, but will exhibit all the well-marked 
physical signs of very grave and dangerous 
prostration. In short, the patient looks as if he 
were poisoned — actively 'poisoned, not merely 
suffering from the loss of an accustomed stimu- 
lant. furthormore, as time goes on, a whole 
series of changes occur in his body, and these 
are not changes which tally with the known 
properties of morphine. Now, in all probability 
these results are due to an oxidation product of 
morphine which is known as oxy^di-morphine. 
This is formed in the body itself by a very simple 
change in the molecule of morphine, and it 
illustrates once again the remarkable fashion in 
which a slight change in the molecule of an 
alkaloid may reverse its chemical properties in 
contact with living matter. 

A Problem for Chemistry. From 
this discovery it follows that the larger the 
amount of morphine taken the greater is the 
amotmt of oxy-di-morphine which is produced 
and causes the subsequent symptoms ; hence, 
suddenly to cut off the supply of morphia is 
suddenly to leave the patient under the un- 
antagonised influence of its derivative, which 
may be so powerful as to threaten death. Al- 
ready the recognition of these facts has led to 
great improvement in the treatment of these 
oases, which are daily becoming more common. 
It probably remains for organic chemistry to 
provide us with some substance which will [pre- 
cisely destroy or neutralise the oxy-di-morphine. 
To do so would be to cure the habit. These 
wretched patients must not be c<moeived of as 


deliberately doing what will hurt them. On the 
contrary, the craving must be regarded as the 
demand of the body for some substance which 
will neutralise the appallingly distressing action 
of the poison which is circulating in the patient’s 
blood. The whole existence of the evil is due to 
the fact that the substance which is demanded 
and taken in order to neutralise the effects of 
this poison is itself the source of a fresh supply. 
Obviously, here is a practical problem which 
awaits its solution by the higher chemistry, and 
which that chemistry will certainly solve one 
day. 

The Essential Ingredient of Tea 
and Coffee. After morphine, caffeine may, 
perhaps, be regarded as the most interesting of 
the alkaloids. It is of very great interest, in 
the first place because of its chemical relations, 
secondly, because of its remarkable properties, 
and thirdly, because of its extremely extensive 
use by mankind — a use more extensive even than 
that of opium or possibly alcohol. This alkaloid 
is the essential ingredient of tea and coffee. 
The name theine used to be applied to it when it 
was derived from tea, but it is one and the same 
substance in both cases. In this country we 
actually drink about four million gallons of tea 
every day, and the one and only ingredient 
which determines this enormous use of the 
plant is its caffeine. The percentage of the 
alkaloid in a typical leaf may be from nearly 
three to just over four per cent. The pro- 
portion of it in Indian and ^ylon teas is slightly 
higher than in China teas. Whether the tea 
be properly or improperly made [see page 
3822], practically all the caffeine in the leaf 
enters the infusion. An ordinary cup of tea 
contains about a grain of caffeine. 

Caffeine is also the substance on account 
of which men drink coffee. The proportion 
of caffeine in coffee, after roa.sting, is about 
1 per cent. The roasting involves the loss of 
about one-fifth of the caffeine originally con- 
tained in the leaf. If the leaf be over-roasted 
much more caffeine is lost. Neither the taste nor 
the flavour of coffee or tea depends upon the essen- 
tial ingredient. An ordinary cup of coffee does 
not contain appreciably more caffeine than an 
ordinary cup of tea, despite the common notion 
that it is much less harmful to drink tea than 
coffee. People who are upset by coffee and 
not by tea are usually affected not by the 
alkaloid, but by the volatile oil known as 
caffeol, which is formed in the bean during the 
process of roasting, and to which the aroma ot 
coffee is due. 

Now, cocoa contains no caffeine% but, in place 
of it, an alkaloid which is very closely allied to 
caffeine, as wc shall shortly see, and is known 
as ih&jbromine — from Greek theobroma, food of 
the gods, the botanical name for cocoa. The 
proportion of theobromine in cocoa is about the 
same as that of caffeine in tea and coffee. 

What Caffelaa la. The empirical formula 
of caffeine — uhioh we may note is the essential 
ingredient not only of coffee and tea but 
also of Paraguay tea, or mat6, and of the 
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beveragos made from kola nut and of the Buh* 
stance called guarana--iB C^Hio N 402 > but this 
empirical formula, like most of its kindi is ex* 
treinely uninstructive. Chemically, however, 
caffeine is a product of a very well known and 
important body known as xarUhin. This has the 
formula C 5 H 4 N 4 O 2 . Now, if the reader will 
recall the formula of uric acid, the simplest 
statement of which is CkH^N^O.), he will 
see that uric acid may be regaled as an oxi- 
dation product of xanthin. In point of fact, 
xanthin represents a ve^ important stage in 
the series of chemical changes by which the 
body-substances known as nucleo-proteida break 
down into uric acid. 

Now, theobromine is none other than di- 
methyl-xantbin, while caffeine may bo called 
either methyl-theobromine or tri-methyl-xanthin. 

Effect of Caffeine in the System. These 
facts give us some ke^ to the manner in which 
we may conceive caffeine and theobromine to be 
produced by the numerous plants in which they 
are to be found. Plainly, they must be derived 
in the course of the breaking down of the nucleo- 
protoids which are found in those plants, as in 
all other living things. But the relations of these 
alkaloids are of even greater practical importance, 
because it is generally supposed that when they 
are taken into the body they become sources of 
uric acid like xanthin itself. Now, since the 
excessive presence of uric acid in the body is 
characteristic of gout and various other diseases, 
many people have joined in a crusade upon 
all articles of diet &at yield uric acid. This 
crusade furnishes a very good instance of bad 
reasoning in matters of Science. It is argued that 
because uric acid is found to be produced in 
excess in gout, any article of diet which produces 
uric acid in the body will itself tend to favour 
the production of gout. When we consider the 
matter we see that this does not follow in the 
least. The essence of gout is not the produc- 
tion of uric acid but a disordered cell chemistry 
which, as it happens, leads to the production 
of uric acid as one of its symptoms or indications. 
Unless it can be shown that tea, coffee and 
cocoa, for instance, lead to the production of this 
morbid cell chemistiy, nothing can be alleged 
as to their supposed malign action. It is 
ludicrous logic to argue that because caffeine 
or tri-meth^-xanthin is a source of uric acid, 
it is therefore capable of disordering the cell 
life of the body in such a fashion as to make 
the contents of the cells themselves yield uric 
acid. Thus, the logic of the ar^ment is worth- 
less. Still more amusing is uie quite recent 
research (communicated to the Paris Academy 
of Sciences on June 18th, 1906), which shows 
that caffeine and theobromine do not vield 
uric acid at all in the body, but leave the body 
in the form of more complex substances, against 
which no evil action has been alleged. 

The Chemietry of Conecioueneee. 
Both the facts and the logic of this doctrine having 
been refuted, let us summarise, as briefly as 
possible, the main facts of this compound tri- 
methyl-xanthin, of which mankind daily con- 
sumes such gigantic quantities. The first note- 
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worthy fact is that, unlike alcohol and opium, 
caffeine is a true stimulant. An incraased 
rapidity of the vital functions is not merely, 
as in these other cases, a preliminary to 
retardation of them, but constitutes the 
essential action of the drug. It is hot 
then, a pseudo-stimulant but a true stimulant. 
Furthermore, its stimulation extends from 
the lowest to the highest tissues. So far as is 
known the drug is unique in that it stimu- 
lates the highest functions of the brain. In 
certain persons morphine stimulates the imagin- 
ation; everyone knows that Coleridge wrote 
a wonderful poem under the influence of mor- 
phine. But morphine does not stimulate the 
« reasoning powers ; caffeine, on the other hand, 
definitely docs. There is no other drug which, 
like caffeine, has the remarkable property of pre- 
venting sleep, purely by its immediate action 
upon the brain. What exactly is the part that 
this alkaloid plays in the chemistry of conscious- 
ness, preventing those changes which result in 
sleqp, no one yet knows. But the chemistry of 
consciousness is incomparably the most interest- 
ing and important problem of all chemistry; 
and it is an extremely interesting fact in this 
connection that tri-methyl -xanthin, itself so 
closely allied to a degradation product of the 
substances which are characteristic of the 
nuclei of living cells, should have this remarkable 
effect upon the functions of the most wonderful 
living cells which we know or which we can 
conceive. 

The Great Value of Tea and Coffee. 

Caffeine not only keeps one awake, and is not 
only vastly superior to any other known sub- 
stance as a stimulant for any special intellectual 
exertion, but its stimulation on the brain is even 
and balanced, and has no subsequent reaction. 
The caffeine yields no product that antagonises its 
own actions as morphine yields oxy -di-morphine. 

We submit those very brief statements to 
the reader, and will ask him to observe the note- 
worthy fact that this alkaloid, beverages con- 
taining which have become practically a necessity 
of human life wherever and whenever they 
have biHjh introduced to a people, stands the 
test of critical scientific investigation in a 
manner which explains its well-earned popu- 
larity. We are far from saying that tea and 
coffee are not capable of abuse, like most other 
or all other good things. But we will insist 
that chemistry has done a great service in 
enabling us to analyse these leverages and to 
distinmiish between the actions of their various 
ingrements. The result of ^ the inquiry is to 
show that of the injury wh'ich these beverages 
do — an injury which is quite trivial when com- 
pared wiUi the sum of their value to men — 
at the very least nine-tenths must be attri- 
buted either to the tannic acid which tea and 
coffee both contain, or to the powerful caffeol 
contained in coffee, and not to the alkaloid, 
unique in its combination of potency and all 
but innocence, to which these beverages owe 
their popularity. 

Caffeine crrotallises out from aqueous 
solutions in light, silky, colourless crystals 



havug one molecule of water of oryetallifiation. 
It is soluble only to the extent of 1 part in 
80 in cold water. At the temperature of boiling 
water it molts, and then volatilises. It can bo 
obtained quite readily from a cup of tea by 
treatment with an alkali and chloroform, in 
which it is highly soluble. Like other alkaloids, 
it forms salts, but these are very unstable. The 
most convenient of them, and one which is 
more largely employed every day, is the citrate, 
prepared by adding caffeine to a hot solution of 
citric acid and evaporating. This is very much 
more soluble than the alkaloid itself, and has 
the same properties. 

True and ** False** Stimulants. No 

better proof of the stupid way in which the 
word stimvlant is ustd, oven in scientific writing, 
can be furnished than the contrast between 
alcohol and caffeine. Alcohol is a sedative which 
has a period of preliminary stimulation. The 
ultimate explanation of its sedative action 
doubtless depends upon its interference with 
oxidation, which is the source of all the energy 
of the body. As we have already soon, alcohol 
retards the vital processes by inereabing the 
stability of oxy-hapmoglobin. In none but a 
superficial sense, then, is it a stimulant. A drug 
which interferes with oxidation and lowers the 
temperature is essentially the reverse of a 
stimulant. On the other hand, caffeine, wliich 
is a pre-eminent example of a true stimulant, 
has loKJon proved to increase the oxidation of the 
body, as is evidenced by the increase in the 
amount of urea which is produced under its 
influence ; and, furthermore, in considerable 
dopes, caffeine raises the temperature of the 
body — this rise having been shown to bo due not 
to any interference with the loss of heat by tho 
surface of the body, but to the increased produc- 
tion of heat consequent upon the more rapid 
oxidation which is caused by the drug. 

If the word stimulant is to be retained, either 
in scientifi(} or popular language, it is highly 
desirable that it should bo used so os to mean 
bomething, and not so as to darken counsel by 
words without knowledge. The present writer 
has already, in the scientific journals, insisted 
upon tho need for on intelligent use of the word 
stimulant, and ho here submits to the reader tlie 
proposition that any substance which, like 
caffeine, increases the amount of oxidation in 
the body is fundamentally a stimulant, while 
any drug that does tho reverse is fundamentally 
a sedative, oxidation being the very source and 
essence and condition of vital activity. Some 
such opinions as these are now steadily gaining 
ground. They furnish a good illustration of 
the general proposition that in all matters of 
the living body tho analysis of phenomena is 
imperfect, and will only too probably bo 
misleading, urUil it has reached the chemical stage. 

Atropine. The next important alka- 
loid that wo must consider is called atropine, 
l^jjng the characteristic alkaloid of the natural 
order of plants known as the Atrovaccoe, or some- 
times as the Solanacem. Its chief source is the 
“deadly nightshade,” the botanical name of 
which is Atropa belladonna. 


Atropos, the reader may remember, was the 
oldest of Uio Three Fates. She held the “ abhor- 
red shears,” and it was her function to out the 
thread of life. Keeping this in mind, the reader 
will be able to coordinate his knowledge, as 
.knowledge should be co-ordinated in every well- 
made mind, so that Greek mythology, botany, 
an immortal English poem, chemistry, and 
toxicology — the science of poisons — may each 
suggest the other. 

The first point worthy of note is that there 
is a whole serios of plants, belonging to the same 
natural older, which yield atropine. Not so 
long ago different names wore applied to the 
alkaloid according as it was derived from, for 
instance, tho deadly nightshade or the thorn- 
apple ; but the alkaloid is one and the same in 
each cose, and it is infinitely better to use the 
same name for it. The reader will not fail to 
observe the significance of the foot that a series 
of plants which resemble one another in their 
external characters sufficiently to be classed in 
one order by botanists, also resemble one another 
so closely in their internal vital chemistry that 
they each yi<^Id tho same substance. 

The Standardisation of Drugs. Atro- 
pine occurs both in the roots and the leaves of tho 
deadly nightshade, the percentage in the latter 
— about 0 4 — being the more constant. The 
time has finally passed, however, when we can 
permit ourselves to make tinctures, extracts, and 
so on, of leaves and roots, and trust to chance 
for the proportion of tho alkaloid that these 
preparations may contain. Either the alkaloid 
itself must bo employed for medical purposes, 
or *dF.e those preparations must be standardised. 
This is now the nilo ; at any rate, to tho extent 
that tho tincture of belladonna, for instance, 
in this country, is standardised so that it must 
contain 0*5 i)or cent, of tho total alkaloids of the 
root. Other alkaloids occur in belladonna. 

These are very closely allied in molecular 
structure to atropine, and are also found in other 
plants belonging to the same natural order. The 
empirical formula of atropine is Ci 7 Hi;.jNOj, 
and it occurs in the belladonna plant in the 
form of a malate or salt of malic acid. It is 
dissolved out from tho leaves or root by means 
of chloroform, and can bo obtain* d in colourless 
crystalline needles. It can be decomposed into 
a somewhat simpler body called tropine, and an 
acid called tropic acid. This is important, be- 
cause tropino can be used as a source of other 
artificial alkaloids, one at least of which, called 
homatropins, is very useful. It has aho to bo 
remembered that if drugs containing atropine be 
mixed with alkalies, the alkaloid is decomposed 
into tropine and tropic acid, which are of no 
value. Tho belladonna plant also 3 neldH another 
alkaloid, which is known as hyoscf^amine, since it 
is more especially characteristic of the henbane 
lant or Hyoscyamus niger, . The two alkaloids 
ave the same empirical formula, but differ in the 
structure of the molecule, tho difference being 
indicated by the melting point, the optical pro- 
perties, and the action upon the body. They 
seem capable of ready conversion one into 
the other. 
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A Romarluible Influence upon 

Nerree* We must not here diBcues at 
length the physiol^ical properties of this 
extraordinary alkaloid, which has the most 
marked action upon nearly all the functions 
of the body, even when it is administered in 
doses of one-hundredth of a grain, and one five- 
thousandth part of a grain of which is quite sufii- 
cient, when used by the oculist, to dilate the 
pupfi of the eye for many hours. In general, it 
may be said t^t atropine paralyses the terminal 
part — ^not the trunk— of all those nerves of the 
body the business of which is to stimulate 
involuntary muscular tissue, and also the ter- 
minals of all the nerves that stimulate glands 
to pour forth their secretions ; hence the dryness 
of the mouth in cases of belladonna poisoning. 
We need scarcely comment upon the extraordi- 
nary significance of this selective action of the 
drug, which proves that the chemistry, or the 
physical chemistiy, of the extreme tips of these 
peculiar kinds of nerves is utterly distinct from 
that of the ordinary motor nerves that supply 
voluntary muscular tissue, such as the muscles of 
the limbs. Atropine is an extremely valuable 
drug in medicine, and is the essential ingredient 
of nearly all the drugs that are given in asthma, 
whether these are patented or unpatented. 

The Mysterious Power of Hyoscine. 
We can say no more here about hyoscyamine, 
but henbane also contains a remarkable 
alkaloid known as hyoacine^ which is very 
closely allied to atropine and hyoscyamine, 
and has the formula O17H21NO4. This 
drug is of unique interest in relation to the 
chemistry of consciousness. The comparatively 
trivial difference in its molecular constitution 
suffices to endow it with properties not only 
totally distinct from those of its allies, but also 
unique in character and potency. It mry be 
said that even In cases of the most violent 
maniacal excitement of the brain, one*hundredth 
part of a grairi of this alkaloid injected under 
the skin, anywhere, will arrest consciousness and 
cause sleep within sixty seconds. Neither mor- 
phine nor hydrocyanic acid, nor any other known 
body, can remotely approach hyoscine in its 
power of arresting what are, of course, incom- 
parably the most marvellous and incompre- 
hensible of all chemical processes — those with 
which consciousness is associated. Here we 
simply state the facts ; no e^lanation of them 
can be suggested, but the significant thing for 
those who look ahead is that it is from such 
indisputable facts as these that the science of 
the mture will be enabled to elucidate the 
greatest problems of chemistry — ^those associated 
with life and consciousness. 

Tobacco. The tobacco plant belongs to 
the same natural order — ^the Solanacese or 
Atropaceae — as the deadlv nii^tshade and the 
henb^e, and it also yields an extremely potent 
alkaloid, nicoftne. Nicotine, however, differs 
veiy markedly from atropine, for instance, 
in its relatianB to the chemistiy of life, and this 
we may assodate with the mot that niootine 
differs notably from the great majority of the 
alkaloids in that it oemtains no oxygen. Its 
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eminrioal formula is ^ ^ 

notewvnthy as being a aquia ali^oid. It occurs 
in the tobacco leaf in prraortions vatying 
between 2 and 8 per cent. lAie alkaloid is an 
oily, volatile, colourless liquid. Unlike most 
allmloids, it is readily soluble in wjgter. It 
resembles other alkaloids in being extremely 
soluble in alcohol and ether. It is a very 
powerful antiseptic. The alkaloid itself is one 
of the most horrible and potent of poisons. 

Nicotine a Deadly Poison. A dose of 
nicotine will kill in a few minutes, even when taken 
by the mouth. The extreme rapidity of its action 
doubtless depends upon its volatility. It is 
probably poisonous to every kind of tissue, and it 
alters the heemoglobin of the red blood corpuscles, 
as is proved by the modification which it causes 
in the spectrum of blood on which it has acted. 
In many respects nicotine contrasts very 
markedly with the typical action of the alka- 
loids of the natural order to which it belongs. 
It has extremely slight effects, if any, upon the 
chemistry of consciousness. This fact is of 
considerable interest in relation to the practice 
of smoking. Nicotine is never used in medicine, 
though before the discovery of the anassthetic 
properties of ether, chloroform, and nitrous 
oxiae, tobacco was occasionally used, so that, by 
poisoning the motor nerves, and relaxing the 
muscles, it would permit the surgeon to reduce 
a dislocation. Any smoker who remembers the 
early effects of tobacco poisoning will appre- 
ciate the superiority of modem anaest^tics 
over this alkaloid, which was of value simply 
because it made the patient miserably weak. 

The Chemistry of Tobacco SmoKing. 
Smokers often describe as niootine the oily 
mess which is apt to accumulate in a pipe, and 
of which they sometimes get a mouthful. If 
this, or 1 per cent of it, consisted of nicotine, one 
such mouthful would end the smoker's caseer. 
As a matter of fact, nicotine is not merely oxi- 
disable, as its physical characters and its formula 
would suggest, but is so at relatively low tem- 
peratures. The whole of the niootine in the 
portion of tobacco that is undergoing combustion 
at any riven moment is oxidised away. Pro- 
bably, also, nearly the whole of the nicotine in 
the portion of tobacco that is immediately about 
to undergo combustion undergoes decomposi- 
tion. It has therefore been asserted, in all pro- 
bability much too hostilv, that tobacco smoke 
contains no nicotine. If this were so, it would 
certainly be remarkable that the symptoms of 
poisoning by it so strikingly resemble those of 
poisoning by nicotine. 

How Nicotine £ntere'the System. 
As a matter of fact, tobacco (smoke) doea 
contain nicotine, which is volatilised from tke 
tobacco that is so remote from the part under- 
going combustion as not to undergo decompo- 
sition but is yet near enough to acquire an 
amount of heat that suffices to volatilise it. 
In this gaseous form, then, the alkaloid is tak^ 
in bv the smoker. The portion of it in tobacco 
smoke is, of course, exoeecungly small, as the possi- 
bility of smoking without fatal results poves, 
but it is never&elesa sufficient, the alkaloid 



bein^ extremely potent, to cause very definite 
physiological effects. Ihese vary considerably 
wim varying conditions. As in the case of most 
other i^isons, the body can acquire a relative 
immunity from its effects. Again, different 
individuals vary in their susceptibility to it, so 
that some can never smoke, wlule others cannot 
smoke a pipe, or can only smoke very mild 
tobacco in a pipe. 

Inhaling Tobacco Smoke. Further* 
more, the effects of the poison must obviously 
depend, other things being equal, on the actual 
quantity of it that enters the blood, and this 
depends upon the amount of absorbing surface 
which is closed to the smoke. There is a very 
marked* difference indeed between the amount 
of nicotine absorbed from the mouth and that 
absorbed by the lungs. This is the reason why 
the practice of inhaling the smoke of cigarettes 
is so extremely undesirable. Different tobaccos 
vary very widely indeed in the proportion of 
nicotine which they contain. There is exceedingly 
little in Turkish tobacco. 

This fact alone shows how completely smokers 
— who really ought to have some acquaintance 
with the chemistry of the subject — are misled 
The nicotine in tobacco smoke determines its 
strength alone. It has no influence upon its 
flavour or aroma. These are mainly due to an 
essential oil. Any smoker will say that a Turkish 
or Egyptian cigarette is “ stronger ” than a 
Virginian cigarette, but, as a matter of fact, 
the former contains very much less nicotine — 
though it doubtless contains more of the essential 
oil, and of various other imperfectly investigated 
— not to say artificially oddea — compounds 
which may themselves have very marked pro- 
perties. 

We can merely note a few of the substances 
which are usually found in tobacco smoke ; nearly 
all are constantly present. They are nicotine, 
hydrocyanic or prussic acid, sulphuretted hy- 
drogen, nitrates, nitrites, carbolic acid, various 
compounds of ammonia, of sodium and of potas- 
sium, salts of acetic and other acids, creosote, 
sulphur, a volatile fatty acid, together with a con- 
siderable percentage of pyridin and several 
of its allies. 

Smoking Should not Begin till 21. 

We desire to emphasise the deflnite fact that 
nicotine, not to mention various other substances 
found in tobacco smoke, is essentially, funda- 
mentally, characteristically a poison. This state- 
ment holds good, and is not affected by the fact 
that, as in the case of arsenic and a hundred 
others, the adult organism is capable of acquir- 
ing an immunity from its action, and thereafter 
may obtain fiom it advantages of one kind 
and another. But if the reader will consider 
the question of ^wth in living tilings from the 
standpoint of chemistry, and will try to realise 
the exceptional and peculiar complexity and 
delicacy of the chemical processes which are in- 
volved in growth, and incomparably more so in 
development — which is an in^itely more subtle 
thing than increase in bulk — ^ho will be prepared 
to accept the general proposition that, in the 
first pl^, tibe adjustment to the constant in- 
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trbduction of a poison, which is possible at a very 
small cost, for the relatively stable adult or- 
ganism must involve far more serious modifi- 
cations in the vital chemistry of the developing 
organism ; in short, that a poison which may be 
tolerable for the man will be intolerable for the 
child, even if the dose be diminished in proportion 
to the ratio between their body weights. In 
naming the age at which the use of tobacco 
may be excused, most authorities are more or 
less influenced by the actual facts as to the age 
at which boys begin to smoke. Tlio general 
proposition is that the use of such a substance 
should be begun, if at all, only after the develop- 
mental period has passed ; and when Sir William 
Broadbent named the age of 21 as the minimum 
he was undoubtedly nearer the truth than those 
who — looking more upon the mere expediency 
of the matter — name such an ago as sixteen. At 
any rate, it is a perfectly outrageous thing that 
irresponsible urchins of a dozen years should 
ever be permitted to injure themselves by the 
absorption of this poisonous alkaloid. 

The Alkaloid of Hemlock. From 
the spotted hemlock, or Conium maculaJtnm (Nat 
Ord. Umhelliferop), there is obtained an alkaloid 
known as conine, which may he considered 
here, since, like nicotine, it is liquid, oily and 
volatile, and also since many of it» physiological 
properties are similar to those of nicotine. Its 
empirical formula is ChHi^HN. This body 
is of a yellowish colour, has an odour which is 
usually described as “ mouse-like,” and its 
taste suggests tobacco. It can be obtained 
readily from the fruit or the leaves of the hemlock 
by distillation with alkalies. Conine is extremely 
unstable, being readily decomposed, both by 
light and heat. Furthermore, the proportion 
of it present in thejilant varies widely. Its 
methyl derivative, known as methyl-conine^ also 
liquid, is found associated with it in the hemlock 
plant. All the preparations of hemlock pre- 
pared for medical purposes are to be condemned 
by a more advanced chemistry, since they are 
not standardised, and since the proportion ot 
conine in them is quite inconstant. A classic 
and tragic interest attaches to the symptoms 
of poisoning by conine. An account of them, 
scarcely less precise and accurate than any that 
could be written to-day, when conine has been 
isolated from the plant and studied in detail, 
is to be found in the greatest of the dialogues 
of Plato, known as the Phaedo. At the end of 
this great dialogue there is described the death 
of Socrates, one of the supreme immortals of all 
ages, whom his Atlienian fcllow-citizons con- 
demned to death by hemlock. 

Strychnine. The plant known as the 
Strychnoe nux vomica contains a remarkable 
alkaloid known as strychnine, which occurs in 
the nut to the extent of 0*2 to 0*0 per cent. 
In this country preparations of nux vomica 
are now standardised so as to contain precise 
quantities of strychnine. The alkaloid has 
the formula and can be obtained 

in the form of small colourless crystals. It is 
remarkable as the bitterest of all known 
substances, being able to cause in the nerves of 
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tMte those chemical changes which lead to their 
stimulation, even in the dilution of one part 
in thirty thousand. It is extremely insoluble 
even in hot water, but is soluble to the extent 
of one part in six of chloroform. This dangerous 
alkaloid must never be prescribed with al^lies, 
iodides or bromides, for these precipitate it, 
so that, while the early doses taken from the 
botl^ are of no value at all, the last may 
fatal. Strychnine unites with hydrochloric 
acid in similar fashion to that of ammonia, 
yielding a fairly soluble salt, of which as much 
as one-fifteenth of a grain may be taken by 
an adult with safety. Allusion has already 
been made to the most important of the 
remarkable properties of this alkaloid. It con- 
stitutes, perhaps, the most appalling of poisons, 
since it nos no action on consciousness what- 
ever. The treatment of strychnine or nux 
vomica poisoning is an urgent matter. Any 
alkaloid that remains in the stomach may be 
precipitated by tannin or charcoal, or oxidised 
by permanganate of potassium. A krge number 
of other antidotes have been tried, but there 
seems to be no doubt that the best hope for the 
patient lies in the administration of chloroform, 
which arrests the convulsions that would 
otherwise lead to the patient^s agonised death 
from exhaustion. 

AlKaloida of Aconite. We may briefly 
allude to the alkaloids contained in various kinds 
of aconite plant, since, though this drug has 
fallen into deserved disrepute in these days. Its 
principal alkaloid, acon%tine, is of interest as 
one 01 the most powerful of all poisons. It has 
the formula C3gH4aN0i2. and is accompanied 
in the plant by several other alkaloids which 
are closely allied to it. One of these is called 
oconf'ne. and can be prepared artificially by 
heating aconitine in the presence of water, of 
which it takes up one molecule, then yielding 
aoonine and benzoic acid. A plant belonging to 
this genus and known as the aconitum ferox 
contains an alkaloid, paeudo-aconitinef which is the 
most poisonous of all known substances. About 
one-three-hundredth part of a grain would prob- 
ably kill a man. Apart from such curiosities the 
root of the aconite plant may be regarded as the 
most powerful of all non-volatile poisons. 

Quinine. The last alkaloid which we need 
consider is the most valuable of all with the 
exception of morphine. It is contained, together 
with four other closely allied alkaloids, in the 
bark of the red cinchona — Cinchona euccirubra. 
This beneficent plant grows in South America, 
and was wisely introduced into India many 
years ago by Sir Clements Markham. 

The empirical formula of quinine is C20H24 
NsOg. It is found in the bark in the form of 
its hydrate. It can be obtained in the form 
of bitter, colourless, needle-shaped cnnsitals, 
which rotate the plane of a ray of polarised 
light to the left Solutions of the oxy-salts — 
not of the chloride, for instance — of quinine 
are fluorescent. (The meaning of both of these 
statements will be intelligible to the student of 
4 he course on Physios.) QuinMnef an isomer 
ci quinine, also occurs in the oinehona. Its 
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most important distinction from quinine is that 
it is dextro-rotatory. Two other alkaloids, 
differing only from these in containing one atom 
of oxygen instead of two in the mmecule, are 
also found in the plant. Of this second pair of 
isomers one is dextro- and the other l»vo- 
rotatory. Preparatiems of cinchona bark, now 
very rarely used, are standardised in this country 
as to their percentage of total alkaloids. 

Quinine is used in the form of one or other 
of its salts. The salt chosen is almost invariably 
the sulphate, which, however, is soluble only to 
the extent of one part in eight hundred of 
water, and is quite insoluble in alkalies. From 
these considerations it follows that when this 
salt is administered the patient benefits only 
by such a small proportion of it as can be 
amorbed before the salt reaches the first part 
of the bowel, the reaction of the contents of 
which is invariably alkaline. The truth is 
that the sulphate is used perhaps more because 
it was the form in which quinine was fipt 
discovered, and so had a long start, than tor 
any other reason. A salt vastly superior is the 
hydrochloride, which has one molecule of hydro- 
chloric acid to each molecule of quinine ; and 
still better is the acid hydrochloride, which has 
two molecules attached to each of the alkaloid. 
This last is soluble in less than its own weight 
of water. 

Quinine and Vital Chemiatry. Since 
quinine is the one known specific against 
malaria — ^the disease which causes more illness, 
though tuborculosis causes more deaths, than 
any other — its properties in relation to living 
matter are necessarily of the first interest. 
Needless to say, they have been studied with 
the utmost care, though even yet there is much 
to learn. We may say, however, that quinine 
appears to be one of those substances which 
in some degree or other directly interfere with 
the processes of vital chemist]^. This is as 
good as to say that it is on antiseptic. Malaria 
is now known to be due to the presence in the 
blood of minute parasites, and the value of 
quinine depends upon the fact that it directly 
kills these organisms. Students of the problem 
of impregnating the blood with an antiseptio 
know how all but impossible this is to effect, 
except at the cost of life itself. We have 
already seen, in the case of carbolic acid, the 
typical antiseptic, that the acid is altered into 
an inert sulpho-carbolate, and can exist as an 
antiseptio in the blood only at the cost of life. 
Quinine, however, though by no means a 
powerful antiseptic, can exist in the blood as 
quinine. It is well worthy bf note, as provii^ 
the fundamental identity of vital chemistry in 
various forms of life, that quinine paralyses not 
only the malaria parasite, but alro the white 
oelis of the blood. Doubtless many of these 
are killed by it, but fortunately the body can 
replace them, while the malaria parasites, 
when killed, cannot be replaced. 

Qulnlae and Alcohol In tho Body. 
One other point is wril worth noting lor its 
signifioanoe. 

In the case alcohol we saw that one and the 
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same subistance both arrests the movefmentB of 
the white blood corpuscles, and interferes with 
the decomposition of the oxy-hnmoglobin of 
the red blood corpuscles. Now, the same is 
precisely true of quinine and of some other sub- 
stances. We naturally seek, then, for some 
reason which will furnish an explanation of what 
would otherwise look like a curious coincidence. 
The suggestion which may be here made is one 
dependent upon a consideration of the causes 
of motion in liying things. The student of 
physics and of the doctrine of the conservation 
of energy is well aware that a white blood cell, 
like a bullet or a star, cannot display energy of 
motion, or kinetic energy, except in virtue of the 
transformation of pre-existing energy. Now, 
the source of energy in the case of the white 
cell — and this is true of the whole or all but 
the whole of the energy displayed in any living 
thing whatever, whether an oak or a man or a 
microscopic cell in the man’s blood — is the 
potential chemical energy which is liberated in 
the act of oxidation. iJow, it would appear 
reasonable to infer that the reason why alcohol, 
quinine, and other substances which interfere 
with the reduction of oxy-hasmoglobin also 
interfere with the motion of the white cells is 
that these substances similarly interfere with 
the reduction of compounds comparable to oxy- 
hasmoglobin, which must be present in the white 
cell as in every living cell, and which are its 
storers of oxygen ; for the oxidation of proto- 
plasm, as we saw long ago, is not only intra- 
cellular but even intra-molecular. 

Quinine and Oxidation. Two further 
facts may be correlated with tlie theory which 
we have suggested. One is that the amount 
of uric acid excreted by the body after the ad- 
ministration of quinine is greatly diminished. 
Now, uric acid, as we have already seen, is an 
oxidation product of the particular kinds of 
proteids which are found in the nuclei of living 
cells, and are called micleo-proteids. Win to 
blood cells practically consist of little more 
than nuclei, and are a most important source 
of uric acid, for when their numbers are greatly 
increased, as they are in certain diseases, the 
amount of uric acid excretfHl is also increased. 
Similarly, in this case we see that the amount 
of uric acid excreted is diminished when the 
amount of oxidation in the leucocyte is 
diminished. 

The second fact is that quinine interferes with 
the process of oxidation in many other kinds of 
living matter, in addition, as we suspect, to 
white blood cells. The absorption of oxygen 
by various fungi is interfered with under the 
influence of ouinine, and various lowly vegetable 
oigaiysms vmich normally display phosphores- 
cence — ^known to be due to rapid oxidation — 
cease to display this property when they are 
subjected to the action of quinine. 

Why quinine should interfere with oxidation 
is as yet quite beyond the power of chemistry to 
say; but it is a step thereto to have included 
under this one proposition — interference with 
oxidation — so many and apparently diverse 
properties of this substance. 


There ore two important groups of compounds 
which are i^lated to the alkaloids, but are, 
nevertheless, quite distinct from them. The first 
of these go by the name of neutral princi^es. 
They ore not alkaioids because they are not 
basic, but neutral, and they are not glucoHdea 
because they do not yield glucose, but they are 
related to both these groups of substances, and 
many of them are extremely potent drugs. 
I'ypical of them is the body known as aloin, 
which is the active principle of aloes, the valuable 
purgative, and by selling which at a price a few 
hundred times too high to fiersons, all of whom 
are ignorant and to many of whom a shilling 
is a serious matter, most of the patent medicine 
manufacturers derive their monstrous incomes. 

Gluconiden. More important are the gluco- 
sides. They have long been known to be of the 
utmost interest because several members of this 
group are amongst the most potent of drugs. 
But we shall also see that quite recently — indeed, 
within the present year — a new interest has come 
to attach to the glucosidcs in general because 
of the part which they are b^*lieved to play in 
the body. Glucosides may l)e dehnod as complex 
organic substances whi('li are compounds of 
glucose. Until quite recently they were supposed 
to be confined to plants. They are crystalline. 
When hydrolysed by various agencies, such as 
certain acids and alkalies, or by means of such a 
ferment as the emulsin found in the almond, 
they yield glucose and some other substance, 
most commonly an alcohol, an aldehyde, or a 
phenol. We have already alluded to an example 
of a glucosidc in salicin. In this, and in all other 
cases, the name of the body must be spelt with 
a terminal 'in, thus distinguishing it from the 
alkaloids, the names of which are marked 
by a final e. 

The Meet Valuable Heart Tonic. 

The glucosido salicin, though exceedingly 
valuable, is not often employed in medicin<^ 
now, because sodium salicylate is more con- 
venient. But it may be noted that the most 
valuable stimulants which are employed us 
favourable to the health of the heart ait^ 
glucosides. The leaves of the common purple 
foxglove {Digitalis purpurea) have long been 
ill use as by far the most valuable of all 
known heart tonics. Of recent years they have 
been very carefully studied, with results which 
significantly resemole those obtained in the case 
of many other plants — that is to say, the recog- 
nition of the presence within the plant of 
substances whose molecular construction is 
all but identical, but which, nevertheless, 
exercise upon tiie body properties diame- 
trically opposed to one another. We have 
already striven to make it plain to the 
reader that there would be relatively little 
interest for us, as chemists, in the mere 
fact that molecules, slightly dififeront, exercise 
different poperties. This we should expect. 
Hie significant thing is that the properties 
are not merely different, but directly antagon- 
istic, and this is found to occur again and 
again in the case both of alkaloids and of 
glucosides. 
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Tl»e ChamtotiT ot the Fojcf love. The 

leaf of the foxglove ooBtains four glucoBides, 
very closely alli^ ; poseibly there may be more. 
It containB no alkaloids whatever. Of these 
glucosides, one (which is identical with a glucoside 
found in other plants, such as the senega plant of 
the New World) is a powerful poison to the 
muscular tissue of the heart, and thus directly 
opposes the action of its neighbours and rela- 
tives. Obviously, then, as soon as it is possible 
to obtain the valuable glucoside without the 
worse than worthless one, the use of crude 
pr^arations of the leaves must be superseded. 

Ihe one serious rival of the foxglove as a 
heart tonic is the seed of the strophanthus 
plant, used as an arrow poison by the natives of 
West Africa. The cotyledons of the seed may 
actually contain as much as dO per cent, of an 
extremely powerful glucoside called strophanthin. 
This extraordinary substance (the function of 
which in the plant is entirely unknown) has a 
unique chemical relation with the muscular tissue 
of the heart. This markedly differs from its 
relation to muscular tissue elsewhere, and is 
true alike of the heart of man, the highest of 
mammals, or of the heart of the frog, which 
is a mere amphibian. 

A RemarKable Identity. The reader will 
ponder upon the necessary inference that there is a 
chemical identity in heart muscle wherever found. 
This glucoside, and the same is true of many other 
substances, proves that the chemical relationship 
between the heart muscle of a man and the heart 
muscle of a frog is actually nearer than that 
between the heart muscle of a man and the 
muscular tissue of the midriff or diaphragm 
on which that heart rests. To the best of the 
writer's knowledge the significance of these 
facts has never hitherto been insisted upon, 
but it is surelv evident enough, once considered. 
A solution of one part of strophanthin in ten 
millions will so violently stimulate the muscular 
tissue of the heart of a frog as to arrest it in a 
state of continuous spasm. 

• New interest has lately been attached to 
the glucosides by experiments which seem to 
show that the glucose that is found in human 
blood, and that represents the form assumed, 
as the result of digestion, by all carbohydrates, 
does not exist in the blood as such but as a 
glucoside. The fact seems to be that uncom- 
bined glucose would be treated as a foreign 
body in the blood, and would promptly be re- 
moved from it. Existing as a gluoosi^, however, 
the glucose may remain, and when it is needed 
bv the muscles, which find in it a source 
of the potential eneigy which they transform 
into work, the glucose can readily be obtained 


from the glucoside by means of hydrolysis, 
under the rwuenoe of one or other of the body 
ferments. We have already seen that plants 
contain ferments capable of effecting this 
decomposition. 

Chemistry of Plants and Animals. 

Special interest attaches to these researches 
b^ause they afford one more illustration of 

r thetic ^wer within the animal body — 
sytithesis in this case being that involved 
in building up into a glucoside the glucose 
which the blood derives from the bowel. 
It used to be stated positively that the 
fundamental distinction between the chemistry 
of the plant and the chemistry of the animal 
is that synthesis — ^as in the making of proteids 
and carbohydrates — is peculiar to the plant alone. 
All the chemistry of the animal body, or practi- 
cally all of it, was supposed to be analytic. 
Hie animal bodv could merely break down 
the compounds which had been built up by the 
plant, in general, this great distinction is un- 
doubtedly true, and is absolutely fundamental 
to our conception of the chemical balance 
between the various kinds of living things. 

But it is of mmt interest to know that 
there are not a mw cases in which the animal 
body is capable of effecting synthesis for itself. 
A more accurate manner of expressing the 
distinction will have to be found, and perhaps 
we may find it here. The animal body may 
build up glucose into a glucoside for its 
own convenience ; but, both in the case of the 
glucose and of the other compound with which 
the glucose is combined to form the glucoside, 
the animal body is first dependent upon the 
synthetic power of the plant. 

** No Sun, no ShaKenpeare.*’ Now, the 
plemt is dependent upon nothing at all. The very 
elements suffice for it. On the other hand, what- 
ever synthetic powers the animal body may yet 
be shown to possess, we may take it as certain 
that it is absolutely destitute of any power of 
building up compounds from demerUs. The 
blood of every animal contains a large proportion 
of elemental nitrogen, but nothing ever comes of 
it. The lungs of every civilised person contain 
large quantities of elemental carbon, but nothing 
ever comes of it. Elemental phosphorus may 
be administered to an animal, but though phos- 
phorus is a necessary constituent of living matter, 
nothing ever comes of it. The necessary 
nucleo-proteids — containing phosphorus— of the 
aninud cell, it owes one and all to the synthetic 
activity of the vegetable cell. The worla of life 
is so wholly one that, in the natural order, 
we may say No green leaf, nd Goethe ; just as 
we may say. No sun, no Shakespeare, 
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about the tope of their boots, and bootmaker 
are apt to fall into the same moods as their 
customers. No well-dressed man wears boots 
slack at the ankle, and our obj^t is to make our 
customers capable of being well-dressed. The 
trousers, like the grave, hide much bad work, 
but it is wrong to count on hiding anythin^;. 

Lroag Boots, Ladies are more particular 
about footwear than gentlemen, and the fair 
sex gives the shoemaker many a hard problem 
to solve. Every now and then the fashion 
brings in a form of long boot, reaching , 4 Tmo 8 t 
to the knee, or shorter perhaps, but still a 
long-legged boot. The shoemaker must take 
the hei^t desired from the lips of the fair 
customer, and measure accordingly. In addition, 
the height from the heel to the top of the boot 
should ho taken. 

Notes, For his own guidance, and with- 
out showing it to the customer, the shoemaker 
should make a note of peculiarities in the feet. 
Very beautifully formed feet are round at the 
inst^, and measure more than feet of a lower- 
class model, and apparently broader. In some 
feet the toes spread out, while in others th^ 
are close and compact, seeming almost cramped, 
but not really so We do not refer to defective 
feet at the moment, but simply to the actual 
difiterences among average healthy feet. Large 
joints of toes and ankles are very often a cause 
of trouble, and lownesss of arch or instep pro- 
duces frequent disputes with customers, the 
high instep being a coveted mark of breeding, 
according to a popular fallacy. 

A Shoemaker*# Duty, Defective feet, 
the number of which only the shoemaker knows, 
bring special problems of their own. Deform- 
ities are out of the question. What we mean are 
slight defects produced by long standing, over- 
exertion, tight, ill-fitting boots, and such like. 
A shoemaker is not a dbctor, but he takes on 
himself, if he is wise, some care and thought 
for the comfort and health of his patrons. 
Towards those little failings in the pedal equip- 
ment of his customers the bootmaker has a duty, 
which may be summed up in the words, hide, 
help, heal.” Unfashionable shapes of boot, 
square toes, low heels, and o^er remedies 
are not recommended by wise bootmakers ; 
tf a man knows his business thoroughly he can 
hide, help, and heal those minor ills of the feet, 
and no one, not even the customer, be one bit 
the wiser. 

Working at Boot Topo. For a good 
while the making of tops has been a special 
branch of the boot trade ; but that, for the 
present, may be left out of view. The duty 
of the bootmaker is to learn how to make a 
boot. 

Variations In Valuo of Boots. We 

have first to select our leather, and out it. To 
the average outsider, the wide range of prices 
oharg^ for boots must be somewhat puuling, 
and it is here the mysteiy begins, ha boot- 
making by hand .we have not the same 'vidde 
range of quality ae in the laoteiy; beoause 
no one thinks of asking for a hand-made boot 
unleBs prepared to pay a fair prioe. You can 
4016 


buy boots in the retail shops at 7 s. fid. a pair» 
and that money would not pay for hand labour 
alone. Cheap boots are machine-made; but 
there is more in it than that. Some machine- 
made boots are priced as high as 25s., and may 
be seen in the same shop as the cheapest class. 
Ihe reason for this may well be sou^t. The 
secret is partly in the leather, but not wholly. 
The difference in the cost of material usM 
for the hipest and lowest class of boot^ not 
over 58 . or 6 s., taken in the mass. That is to 
say, take pound for pound of leather, web for 
web of lining, mounting for mounting, and the 
difference is not so very great. But you will 
get more pairs of low-class boots out of a hide 
than you can get of a better class. The cutting- 
out proceeds on quite different principles. A 
rst-clasB boot top has no side seams ; it is one 
solid front. This means a large oimount of 
waste in a hide. Even the most skilful cutter 
has to lay aside for inferior purposes, or fling 
into the waste bag, a large portion of costly 
hide. A seamless boot is an altogether finer 
foot-covering than one with three seams, but it 
has to be paid for. 

Economic Facta. Another thing that 
has sometimes been questioned may be ex- 
plained here. How is it that you can occasion- 
ally get boots with uppers of fine leather at 
factory prices ? The answer is, that these boots 
are niaae from the scraps left over from hi^- 
olass boots. The fronts of all boots are fairly 
large pieces of leather ; but take the hall of 
a back, and vou will see how you could get any 
number of tnem out of pieces of leather other- 
wise useless. Bootmakers are not exempt 
from economic law any more than any other 
class of workers, and the public may depend 
upon it that where a higher price is openly 
charged a higher value is given. 

Cutting. We have taken in hand a pair of 
good average strong boots, of medium class. 
The uppers are to be of one class of leather, with 
side seams, and therefore in three parts, quarters, 
golosh, and vamps or fronts, properly so-called. 
The fine grain leather is laid on the cutting-table, 
with the measures. Near the table are hung 
files of shapes cut out of strong paper. These 
are the model patterns for every conceivable 
size. You can get them to buy ; hut in the old 
days, every bootmaker built up his own stock 
of patterns, and the practice made good work- 
men. The Mttems for the size measured are 
selected, ana the figures of the measure com- 
pared with those on the patterns. The foot of 
the customer may be built on finer lines than 
the pattern, or it may be shorter and broader. 
In the former cose the cutting has to be fined 
so as to make a higher top with less breadth ; in 
the latter case, the ends of the fronts and backs 
are to be shortened, and the fore parts of the 
fronts broadeiied. 

Fnctical Mathod. Having settled the 
leading poants of siee and shape, we now take the 
outring Imife in hand [80]. Lay the pattern 
the fr^ts on the leathw laid flat on the board, 
and draw the point of the knife round tiie edges, 
making a dlear aketoh for the path oi the out 
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Then drive the knife steadily along the lines. 
Place the two fronts separate, so that you can 
keep the whole material of right and left boots 
together and without risk of mixing. The 
quarter, golosh, and vamps are out, and then the 
linings and bindings are got. Wlien you have 
piled together the makings of a pair of boots, 
the heap is of a size much larger than might be 
expected. A wise plan is to tie all the pieces 
of each top together and take out as required. 
Even though you are going to start to make the 
left upper next minute, it is right to place all 
the parts together, and see that they correspond. 
Many a membt'r of the craft has had many 
bitter hours Ijocause he neglected that simple 
precaution, and landed in confusion. 

Skiving. Sewing, and Stitching* TIk^ 
parts of the top have to be joined togetluT, 
and it is desirable that the joints should Ik* neat 
and smooth. A double tliickiu'ss of k'atlvT at 
every joint would pro- 
duce an ugly and un- 
comfortable boot. Ob- 
viously, the prop(*r 
course is to thin the 
edges of the l(*athcr at 
the joints, and this is 
done by a process named 
skiving [31 j. The skiving 
laiife is a crescent ot 
thin sUhI, with a sharp 
('^Igc ; but \N(‘ have 
seen a good old work- 
man doing it neatly on 
his lajiboard with an 
tirdinary cutting-knife. 

What is needed in the 
operation is steadiness 
of hand and a good 
for the thinning must 
be graduated regularly 
all round and leave a 
clean edge on the front. 

Model skiving is about 
i in. broad, and true all 
round, (^aroful practice 
alone makes good 
skiving. 

Stiffening. Before sewing the parts of the 
top together, m* have to stiffen the backs ; 
we have provided a good piece of leather for it, 
though some use linen. Carefully skiving the 
upper edges, we paste it firmly to the inside of 
the back, and leave to dry, preparatory to 
sewing. 

Thread. Now we have to prepare our 
thiead. Shoemakers arc the last of the users of 
threads to retain the making of them in their 
own hands ; tailors have surrendcrtKl their 
threads to the great manufacturers. Our 
thread is peculiar and special. It is composed of 
several strands of fine flax twisU'd and waxed into 
one. Take hold of the loose end of the ball of 
flax as it lies in its box, and draw^ out the length 
you can handle ; double it back and draw out 
another skein of equal length, repeating till you 
have a thread of the thickness requir^— four- 
ply, five-ply, or six-ply. (’ut off from the ball, 
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and roll and twine the threads over your knee, 
and make a uniform cord. 

Waxing the Thread. Li^ft dry and free 
the threads would (piickly separaU*, and wear out 
singly ; unprotected from w^ater and weather, 
they would rot. Wax is the binder and preaerv • 
ative. Holding the piece of wax in one hand, 
the sewer draws the thread through the wax, 
and soon clothes the length in a line, brown, 
shiny e^'at. 

Bria\iea. The hardened threads taper to 
a point, but we could hardly make speed in 
sewing with only those points for needles. 
From time immemorial the tirade has used 
bristles for this purj) 08 c, and modcTii ingenuity 
Ins not Iwen able to improve upon tlu* device. 
'Jiie brislli's aro from 4 in. to 5 in. long, and very 
strong. They have lK*en sp(*eially selected 
by (he bristle mercliants wlio im])ort the bt‘ar 
bristles for the brush makers. Every bristle 
has what is technically 
' called a ffwj ; but to tli(‘ 
common eye it looks 
like a split Our neigh- 
bours. the Imishmakers, 
like the flag to Ik* ns 
small as jiossible, and 
might be ])leased to lie 
Without it if Nature 
would ()blig(‘ ; l)ut to 
a modorat(iy-siml 
flag or split is "useful. 
The thin section of the 
bristle can b(‘ made into 
a tie to twist on to tlie 
(‘ud of th(^ thread, and 
the bristle secured with- 
out a knot. 

Sewing. Tailors join 
th(‘ pieces of cloth about 
to be sewn with long 
Ktitelie.s of white thread ; 
but that is hardly prac- 
ticable with leather Wt* 
fast<‘n the pieces of the 
top iogi'ther in a tem- 
porary w’ay, by mc'ans 
of tacks. L(‘t it be 
tacked together to see how it looks, and 
how the pieces form with eacli otli(‘r. Having 
worked the top into shape, we can mark the 
lines where the b(*wing is to be*, and pull out 
all the tacks excepting at the joints wliere the 
sewing has to be begun Fix the parts in tlu^ 
boot clamp ; bring it betw^een the knec‘s ; 
pierce the two plies of leather with the fine aw I ; 
insert the bristle of the w^axed Ihreatl, and 
draw it half way through Sew the seam 
right up to the end, making small, even, regular 
stitches, pulling the thread tight at every stitch. 

Machine Sewing. After the sowing- 
machine came into use, topmakm hod frequent 
disputes with the bootmakers as to what seams 
might be stitched with the machine and wrhat 
should be sewn by hand. The practical and 
honest solution of that question is very simple. 
At least it was simple in the early days, because 
the machine could not sew as strongly and 
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surely os the hand ; but improved machines 
have done away with the di^rence to almost 
a complete extent. It is a safe rule, however, 
to sew with the hand those seams on which 
the stress of wearing is put. Reliability is 
one of the chief qualities of the hand-sewn 
boot. In the class of boot we arc making, 
the stitching of the machine must be confined 
to ornamental uses, and for tacking in the 
lining. 

Ironing. When the whole top has been 
s<*wn, the seams require to be ironed down. 
Smoothing irons are little bars of steel, of various 
breadths, from J in. to 2 in., and these* are 
heated cleanly at the gas, or in the gas stove, 
and applic*d to the seams one by one. Heavy 
pressure is needed, and you bear your weight 
on the top of the iron handle, and rub firmly 
to and fro till the scam is flat to the leather. 
With heavy seams the smoothing iron may 
be helped with a gentle tapping of the 
hammer. 

Linings. Faulty lining is a frequent 
cause of trouble to both bootmaker and boot- 
wearer. It may be too tiglit and draw the. 
top out of shape, or it may be too slack and form 
vrinkles inside the boot. Besides selecting 
the best and most suitable materials and cutting 
accurately, we must pay close attention to the 
sewing and tac*king of the linings. Chamois 
leather is the highest class of lining, but it 
is too warm for many people ; fine split leathers 
are ready to cut and break ; ana the most 
sensible material for ordinary wearing boots 
is a strong twilled cotton, with leather bindings. 
It is a waste of time sewing linings by hand. 
The best plan is to paste them carefully 
togt‘ther and pass them through the sewing 
machine. 

Tongue. This piece of soft leather, .shaped 
like the section of a truncated cone, is tacked on 
to the mouth of the boot by the sewing that 
holds upjier and front together, with an 
additional tack to the inside of the upper, 
making it like a two-hinged door. 

Mountings. Fancy boots have mountings 
of various kinds, such as toecaps of enamel 
leather, and other trimmings ; but plain boots 
have only the eyelets and hooks or fasteners. 
Punch the holes in a regular row up the 
two fronts, half on inch from each edge, fully 
half an inch apart, with the hand punch. Put 
the eyelets in the holes and clench them on the 
inside. The operation is simple ; but it may 
be done carelessly. The eyelets of hand-made 
boots are generally neater than those done by 
the machine, the eyelets in the latter lH*ing, 
os a rule, broken out at the inside by the force 
of the clenching. 

In this state the top goes into the hands of 
the shoemaker, os we curiously term the man 
who puts in the soles. We leave the final 
finishing touches till the hard work of the welt- 
ing, soling, and heeling is all done. But it would 
hardly be fair to pass on without mentioning 
some others of the boots we have to make. . 


Button Boots. Most of the button boots 
on the market are made in the factory. 
Essentially of light style and material, this 
class of boot len& itself specially to the sowing 
machine. All the same, a capable workman 
can make a lietter and more lasting button boot 
than any combination of machinery. The 
fronts and backs may be th^* sanu* as above 
described, but the uppers are quite different. 
Though, to outward appearance, the addition 
of the buttoning flap and the buttonholes 
seem the sole novelty, the fact is not so, Tht* 
uppers are made full, v so that the side under 
the flap i*omes close up to the other side. 

Flap. This gives unity to Uie front, and at 
the same tinit* protects the foot from the sown 
seam of the flap. No matter how fine a seam 
may be, the double thickness of the leather is 
felt, and to a sensitive foot the irritation of the 
hard ridge would be intolerable. When si'wing 
on the flap, this should be kept studiously in 
mind. The head of the flap continues the line 
of the upper round the leg, and curves round 
above the ankle- bone. 

Elastic Sides. At present this form of 
boot is greatly out of favour, but there is yet a 
good trade done in them about the North of 
England, and among well-to-do (‘Idcrly people 
who stick to the fashions of their earl^ da\s. 
While elastic sides were fashionable, the artistic 
faculty of the bootmaker was not allowed to sleep. 
TptxTS and fronts were decorated in various 
.styles and some of the d(‘signs were really jiretty. 
\ common style was the long up|>er, reaching 
down to tho toe- joints, coming from above the 
ankle and covering the whole instep, joining a 
golosh or bottom formed of one solid piece and 
se>Mii up the* back. Tlie upper of fine kid, and 
the golosh of enamelled leather, made an attrac- 
tive boot. 

Parts of the Upper. Spread out on 
the cutting- table, the upper-front had the 
appearance of a flounder without the fins. In 
cutting the bottoms, regard has to be paid to 
the rise of the foot above the toes. The front 
is cut to come almost within touch of the ankle- 
bone, the whole breadth of the ankle being 
left open for the elastic insertion or gusset. 
Of course, the backs are insignificant, and mere 
bits of triangular leather, but it must be re- 
membered that these small pieces support tho 
gussets and largely determine the balance of 
the whole boot. Backs of elastic sides have to 
bo well cut, firmly and evenly sewn on the 
bottom, and stiffened wfth care. Gussets are 
w^oven silk or fine cotton, the indiarubber 
enclosed in the fabric, slender elastic strings 
giving a good spring. Round ihe gusset space, 
the lining is left opsn, and the gusset, cut to 
size, is sewTi in, either by machines or by 
hand. 

A style of elastic-side favoured by many has 
the ap^arance of a top boot. The whole front 
of the top is one solid piece. Tlie back, also 
one piece, is joined in a side-.seam. The gusset 
is oblong, narrow and circular at the bottom. 


CarUinued 
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HOW TO VENTILATE OUR ROOMS 

Group 26 

HEALTH 

Entrance and Exit of Fresh Air. Exclusion of Dust and Draught. 

10 

Methods of Securing Effectual Ventilation in Dwellings. Artificial Aids 

CuttUniird from 


By Dr. A. T. SCHOFIELD 


IN an ordinary room there are three openings lower window-sill about six inches high, so that 
* for air, besides what can enter through the the lower sash can be raised bt'hind it, and a 

walls ; and these are the window, the chimney, double up\uird draught formed, th(ujne between 

and the door. ' the two sashes, tlu' other between the lower sash 

The Chimney. There is no doubt that and this board in front, 

the great safety valve of most rooms is the open ^ indows should always lx* open an inch or 

chimney, which is of far more importance as an two at the top, and if at all large, a small 

air-shaft than as an outlet for the smoke. Were )>uney and a double cord should be fixed so as 

it not for the English love for an open fireplace, “P 

and hence an open chimney, it is hard to say having tf) push and pull from the outside, 

what would become of large numbers of the The draught can be directed upwards in various 

jjopulation. No chimney ought, therefore, to bo ways. The air can enter upwards behind 

stopped up ; and, under ordinary circumstances, O' cornice, so that when the window is 

no room should be without one. apparently securely shut an opening is left 

Ventilation really consists of a double process — above. An ordinary Venetian blind serves some- 
tho removal of foul air and the admission of what the same pur])OMe if T»artly h’t down. An 

fresh. Now, the chimney is principally of use for ornamental glass screen, fixed on the lower sill so 

the former part of the work. C’arbonic acid gas is not to rise w ith tin* window , is more ornamental 
very heavy, and with care can actually be poured than a bf)ard, and j>rcv(*nts any direct draught, 
from one glass into another. When it is expired, With these simpl(‘ contrivances no draught 
it is, of course, heated, and, being lighter than ^ possible ; and the cold air. directed upw^ards, 

air, ascends to the ceiling. This is the time fulls in a gentle show'er all over th(‘ room, 

tor getting it out of the room, and the best Tobin s tuluss. already alluded to, are flat tul)eii 
W'ay is by an opening near the c<‘iling right against the wall, opening into tin* outer air 

inti) the chimney, wnth some simple valves below and into th(‘ room at about the level 

(Arnott’s) to prevent the smoke from coming ot the mouth, in an upward direction, 
out into the room. Without such a contrivance xhe Door. The thii*d and worst way of 
the carbonic acid gas cools and falls to the floor, vimtilating a room is through the door. It is 
This rnakes it very dangerous to shrp on the a capital saying, and should be enforced, that 

floor in clone rooms without open chimneys, doors are made to shut and windows to op(*n, 

When (T)y has thus fallen, the draught to the fire- not vice versa. Jf a room is already suffi- 

place and up the chimney cpiickly carries it ofl. ciently ventilated, there will be no drauglit 
The Window. The window is the second rushing in at the keyhole, as can be seen by the 

groat moans of ventilation. It ought, in ih<* flame of a candU‘ held there. If there is insufii- 

majority of rooms, to bo so arranged as to be vivnt fresh air in the room, it will do its host 

always open, by night as well as by day. It is to g(*t in by the door, carrying with it, of (‘ourse, 

impossible to overrate the beneficial advantages ail tht* smells, poison and sewer gas that may 
arising from this simple procedure. exist in any part of the house. 

No doubt considerable surprise is felt by some Ventilation is really self-acting. The poisoned 
that no mention has been made of the escape of air d(M*s its best to csca})e out of the room and 

foul air by the window, and especially at the the fresh air to enter, and if we do not almolutely 

top. The window may be opened at the top prevent this by ignoranc<‘, these beautiful laws 

as much as you like, but it cannot be too clearly will work harmoniously and without effort, 

understood that when so opened, as long as the Sitting-rooms and bc*d-rooms must not, ol 
air inside is warmer than that out of doors, course, be overcrow'ded. Each person must be 
the fresh air enters there, and the foul air does allowecl at leant 50 sq. ft. of flooring in a room 

not go out. The window in this country is 10 ft. high, and gas should never be used unless 

practically always an inlet — whether open top the rooms lx* very spacious ; lamps and candles 
or bottom does not matter — and not an outlet, consume far it*ss oxygen, and of course electric 
The chimney is the outlet. Tlicre should be, light is better still, but one single gas jet re- 
however, as we have shown, an inlet of 24 sq. in. quires as much fresh air as five ixjrsons. 

for each person, and this can be made in various A great objection to free ventilation in towns 
ways. Chie is Ji)y a simple window board about is made by careful housew ives on the ground of 
three inches deep, on which the lower sash shuts, dirt. The matter is important, for there is no 

so that while the bottom of the window is still doubt that town air is laden with dirt of all 

closed there is an opening between the two sashes, sorts, and requires as careful filtering as water, 
admitting fresh air in an upward direction ; This can be done effectually by muslin or per- 

or a bom can be fixed across the front of the forated zinc stretched across the open window. 
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We have now pointed out florae of the benefits 
of proper ventilation, but we have yet to men- 
tion one of its greatest advantages. 

Catching Cold. Let us remember that 
the most fatal disease in England is connumption ; 
then come bronchitis and inflammation of th<‘ 
lungs ; and mark that one of the commonest 
ways these begin is by our “catching cold” on 
going from close, unventilated rooms into the open 
air, and that the surest general preventative 
we can adopt against these diseases is to have 
our rooms (and especially our bed-rooms) fresh 
and well ventilat(*d. Sitting in close rooms with 
sandbags on the tightly closed windows, list round 
the doors and the register down in the chimne^y 
to avoid cold, only ensures catching it ; while 
letting the foul air freely out and the fresh freely 
in is the surest safeguard against it. 

Wc must look a little further still into one or 
two points b(‘fore the subject is dismissed. T1 h‘ 0- 
retically, the cold air should enter at the floor 
level and the hot foul air leave at the top. In 
good houses tin* latter is frequently carried out not 
only by valves nt the top of the chimney brt'ast, 
but by holes in the central ornamentation, in the 
ceiling especially, when ther(‘ is any gas burning, 
so that the fumes and bad air can he carried 
off directly. But the admission of fresh air 
at the level of the floor is a different matter, 
and is found in practice to cause such cold feet 
that it is seldom admitted lowe^ than three or 
tour feet from the ground. In cold weather 
natural ventilation is even more difficult on 
account of the draught. 

Of course, if the air be warmed alt the diffi- 
culty is solved. The opening can be larger, the 
current slower, and the air changed more fre- 
(/uently ; but, as yet, warmed fresh air, Mhich is 
the key to successful ventilation in this country, 
IS almost unknown. 

How Wind Aids Ventilation. The 

wind is a great ventilator both by perflation, or 
uind blowing in, and by aspiration, or wind 
sucking out. In the Sylvester systtmi there 
arc two cow'ls, the one facing the wind and 
blowing fresh air into the chamber, and the 
other with its back to the wind and drawing 
the foul air out. 

Over a cliimncy tlie wind generally aspirates, 
or draws the foul air out ; at a. window it 
generally perflat4*s, or blows fr<*sh air in. Wind 
can change the air of a room 100 times an hour. 
You can tell if your room is ventilated from the 
house or open air by placing a candle flame at 
the keyhole. If the flame be blowm into the room, 
your ventilation is wTong. 

Of course, window’s should be inlets and 
chimneys outlets ; but their roles are sometimes 
rcversecl. If there be no fire and the chimney 
be veiy cold, air may come down it into the warm 
room, or if the chininey top be lower than others 
surrounding it, the wind may strike them and 
be deflected dow’n it. 


A fire, however small, is a great ventilator. 
It draws 15,000 ft. an hour up the chimney. 
Of course, fires ventilate the room best below 
the level of the mantelpiece. The colder the 
room, and the hotter th(* external air, the more 
need is fhere for the open window. 

In addition to the openings described, there 
arc Ellison’s bricks and Sheringhara valves com- 
municating cl’ -ectly through fhe wall with the 
open air. In both, the external opening should 
be smaller than the internal, thus modifying any 
draught. The Sheringham valve often acts as 
outlet as w’ell as inlet ; and so, of course, in 
certain condit ions may the w’indow itself, though 
normally it is an inlet at both top and bottom. 

The entrance of air tlirough the walls, too, 
must not b(‘ forgotten ; all depends, of course, 
on the difference of temperature between the 
internal and external air. A closed room with 
34 degree’s difference bctw’cen the air inside and 
outside w’i II change its air twice as fast through 
the walls as in a room with the’ w'indow open 
and seven degree’s ni difference of temperature 
w ithin and w’ithe>ut. With a difference of only 
fenir degrees between the internal and external 
air, it will pass through a sandstone wall at the 
rate of 4 cubic ft. per hour per square yard ; 
through a brick w’all, 7 ciiliic ft ; and through a 
mud wall, at the rate of 14 cubic ft. 

Forced Ventilation. In artificial or 
forcc’d vent’lation there is extraction or pro- 
pulsion of air by heat, steam, fans, etc. In 
mines thc’re is a large fire at the bottom of the 
upcast shaft, or an exhaust fan at the top. A 
large hall often ventilates a bouse in the same 
way. In crow’ch’cl meetings and churches some 
such system is needed. The earlic’st illustration 
of artificial ventilation is in a bcc-hivc, where 
the air in the middle is k(’})t remarkably pure. 
It is said that at tin* entrance’ some twenty 
bees keep up a steady hum with their wings, 
w’hieh thf’v flap without stopping in successive 
relays, and this forces fresh air in. 

Schools must have warmed air and artificial 
ventilation on account of tlie small cubic space 
allowed, and the air is often changed without 
draught ten times instead of three times an hour. 

Of course, at present all ventilation is a volun- 
tary matter, for air is the only food that man is 
allowed to adulterate to any extent at will. 
There is no doubt that all efficient ventilation 
for the public must be self-acting, give no trouble, 
and require no care in adjustment . On the whole, 
a window a little open at the top w’ith, if pos- 
sible, something to direct tlie air upw^ards, and 
an open fireplace, are the simplest and best 
methods at present ; but it is quite possible 
that ere long, in flats, a central furnace in the 
basement, kept up at a small cost, will be ar- 
ranged to supply through pipes fresh warmed 
air to each one, so that the rooms can be per- 
fectly ventilated in the coldest weather. Venti- 
lation in sick-rooms is touched on in Home 
Nursing in the section on Ill-Health. 


Continued 
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Group 10 

THE NATURE OF ELECTRICITY 

ELECTRICITY 

Matter, Energy, Ether, and Electricity. The 

28 

Electrons. Electromagnetic Theory of Light 

CunttiiumI from oage 
-MtH 


By Professor SILVANUS P. THOMPSON 


Matter and Energy. Often as it h^ia 
been said that we are profoundly ignorant of 
the nature of electricity itself, there is yet a great 
deal that we know about it, and the attempt 
must now be made to explain briefly A\hat h 
known. 

Not many years ago it was supposed that the 
only kinds of things of themselves in the physical 
Univejse were two —matter and energy. Matter, 
that which possesses the fundamental properties 
of mass (and therefore is heavy) and of inertia, 
and Avhich, though its atoms an* of some Ht) 
different kinds, called “ elements ” by the 
chemist, is subject to a law of conservation w<i 
can neither create it nor destroy it . The quant it y 
of matl<*r in the Universe appears to be a fixed 
amount. Energy, that which, acting on matter, 
manifests itself in the various physical forces ; 
the kinetic energy of moving bodies, by virtue 
of which they can perform work ; the potent ial 
energy of systems ; tiodies that have had their 
configuration altered by doing work upon them ; 
th(' (‘nergy of heat, which is a mode of internal 
motion of tin* molecules in tin* mass, in uhat(‘ver 
kind. Energy is lik(*wis(* subject to a law of 
conservation — wo can neither create nor destroy 
it ; but we can transform it from one sjiecies 
to another, and we can dissipate it into forms 
that are no longer available for doing work. 

Early Theories regarding Electricity. 
At the time when the doctrines of energy were 
being developed, it was thought that electricity 
itself was merely another mode of motion or 
form of (*ncrgy, just as heat is. Prior to that, 
electricity had been su])po8ed to be a sort of 
imponderable fluid — a weightless gas ; and 
maipietism had also been set down under 
similar categories. Both had been vaguely 
classed amongst the so-called “ forces of Nature. ’ 
But that term is xmscientific, since the vord 
force (unless qualified by some adjective, such 
as electromotive, to show that a non-mechanical 
effort is meant) in its precise signification i.s 
restricted to mean that which exerts either a 
mechanical push or a mechanical pull on matter. 
But electricity of itself is not a push or a pull on 
matter ; it is therefore not a force, neither is 
magnetism. But just as matter can be acted 
upon by energy, and become the vehicle for the 
manifestations of energy, so electricity can also 
be acted upon and become the vehicle for the 
manifestations of energy. In this respect 
electricity itself resembles matter. 

The Ether. TlTerc is, howeve:, yet another 
thing-of-itself in the Universe, that mysterious 
medium which fills all space between the stars, 
and apparently permeates also through all solid 
bodies. It is called the luminiferous ether. 


because we cannot conceive of the waves of light 
coming to us from tin* sun or the stars unless 
they are waves of some medium that stretches 
throughout interstellar sjiace. And because the 
speed of propagation ot weaves in any (elastic 
medium depends only on the elasticity (d iff ness) 
and density of that medium, and as tlie speed of 
light-waves is so enormous (ISO, 000 miles per 
second), w(* know that the stiffness of the etlier 
must be enormously great, tor its density is 
marvellously small. It bt*haves in some respects 
like a jelly of extreme rigidity, yi*t of extr(*me 
tensity also, being less dense than tlie very lightest 
gases. It used to bi* debated whether the (»t)ier 
were not a kind of matter, a sort of gas, lighter 
than hydrogen. It also nppt'ars to lie subject 
to a law’ of cons(‘rvation — wh* can n(‘ither create 
it nor destroy it. Mor(‘ovc*r, liki* matter, it can 
act as the vehicle of energy. For light -waves 
are a form of i‘n(*rgy, and they an* conveyed by 
tlu' ether. 

The Electromagnetic Nature of Light. 

Wlu'atstone, in 1834, measured the velocity with 
whi<*h an electric impulse is propagated along 
a wire, and found it to be almost the same 
as the speed of light. This, and certain other 
relitions between the electric units of measure- 
m(*nt, caused Clerk-Maxwell, in 18(»4, to pro- 
pound the theory that the wavi's of light are 
ek*(*tromagnetic waves. He studied the laws of 
w'ave-motion as applied to electricity, and 
showed that they w^ould account tor many ob- 
served facts ; for example, that glass and other 
transparent solids are non-conductors of (‘Itu*- 
triiity, and that the metals that ])osh(*ss electric 
conductivity are opaque to light. This theory 
was generally accepted by British ])hysicists, 
who tested its truth in several ways ; but on the 
Uontinent it was not accepted until 1888, when 
Hertz hod showm how to set up electroraagnetic 
wares by the midden fwcillatory discharge of 
condensers, as explain(*d on page .3898. An 
electromagnetic wave is on<* in whicli then* an- 
electric displacements, which are propagated in 
space from one point to another, accomj)anif*d 
by magnetic displacements at right -angles to 
them. The main difference betwei‘n them and 
ordinary light-w’aves is in their size, for the wave.** 
of visible light are very minute, from 15 to 
millionths of an inch in length, while the Hertz 
waves may be from about half an inch up to 
several hundred feet in length. 

This identity of species bt*tween light-waves 
and Hertz waves leo^ to the question whether 
the ether is iteelf of an electrical nature, since 
what the older physicists regarded as waves of 
actual motion in the ether are explainable as 
electromagnetic waves. 
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Dual Aspect of Electricity. From 
a very early date it was recognised that when 
electrification was produced, by friction or other- 
wise, there were two kinds produced — a vitreous 
charge and a resincma charge. The former was 
obtained on the surface of glass by rubbing it 
with silk ; the latter on resin or sealing-wax by 
rubbing it with flannel or fur. A charge of either 
of those kinds will attract bits of paper, or straw, 
or a feather, or other light thing. But eacdi 
kind apparently repels itself. Thus, if a rubbtd 
glass rod is hung up in a silk stirrup, and another 
rubbed glass rod is held near it, the suspended 
one is repelled. On the other hand, the tuo 
opposite kinds attract one another. Simph* 
experiments about these relations are readily 
performed with the aid of a gold* leaf elect ro- 
Hcope [260], which consists of tw<» 
narrow strips of thinnest gold-leat 
mounted on a brass stem, which 
is supported by being fixed in a 
glass tube which passes through a 
cork of paraffin wax in the top 
of a glass jar. It is usual to fix 
a brass plate on tlie top of the ^ 
electroscope. Suppose the end of 
a warm glass tube to be rubbed on 
silk, and tliat the tube be then made to touch the 
plate. The two gold leaves immediately op<‘n 
out as though they repelled one another ; and 
when the gloss rod is removed they will still 
remain slightly divergent, because part of the 
charge from the glass remains in the insti’ument. 
When once so charged, the difference between 
the two kinds of eharg(‘ is readily observed, as 
follows. If the rubbed glass rod be again brought 
near without touching, the gold leaves are seen 
to open out more widely ; but if a rubb(*d stick 
of sealing-wax or other resinous body be brought 
near, the leaves an* seen to close up tow’ard one 
another. If the gold-leaf eleetroHco})e be dry 
and clean, so that the metal part is really well 
insulated, it will keep its charge for several 
hours, or even dayw. 

Positive and Negative. To account 
for these facts several theories were advanced. 
It was thought that there were two kinds of 
electricity, the vitreous being called p(mttve 
electricity and the resinous negative deetrieity. 
It was, however, observed that w^hen tw^o things 
wen* rubbed together, if one became positivi*, 
the other always became negative ; also, that 
the amounts of the charges so produced wen* 
always equal to one another, so that if allowed 
to discharge into one another they re-combined 
and neutralised one another. This led to a 
tentative theory of the two fluids whicli could 
not b<* separated writhout doing some work to 
part them asunder. The two-fluid hypothesis in 
turn gave way to Franklin's one-fluid theory, 
according to which, though electricity itself w^as 
regarded as a single fluid, distributed every- 
where, but neutral in its properties, whenever 
work was done by moving it, so as to produce a 
surplus at one place and leave a deficit at another, 
the surplus and deficit at once show^ed those 
properties of attraction that had first led to the 
dist*overy of the existence of electricity. The 
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one doubt at the time was whether the vitreous 
or the resinous state was the surplus. Franklin 
concluded that the vitreous state was the 
surplus, and therefore called it positive. If the 
one-fluid theory be true at all, the resinous or 
negative state is, however, most probably the 
surplus. The main reason for this assertion is 
that a resinous charge is more readily dissipated 
tJian a \itreous of equal amount. According 
to the two-fluid theory, a current is a double 
flow of positive electricity one w^ay, and of 
negative electricity the other w^ay, along the 
w'ire. According to the Franklinian theory, tlie 
current flow^s only from positi\^e to negative. 
'rh<* more* probable theory is that if electricity 
IS a fluid at all, the current consists of a flow of 
resinous electricity in the direction from negative 
to positive. It is certain that in electrolysis 
there arc tw^o sets of ions — that is, electrically- 
charged atoms — w'hich are jiropelled by the 
lu'tion of the current in opjiosite directions, the 
anions (micli as chlorine and oxygen) moving 
liom negative to positi\e, or up-stn‘am ; the 
kathions (such as hydrogen and the m(*tals) 
mo\ing from positive to negative, or down- 
stream. 

Atomic Nature of Electricity. There 
is as ..auch reason to regard electricity as 
atomic as to r(*gard matter as atomic — that 
is. Nature appears to have ordained that elec- 
tricity, wdiatever it is, exists in certain definite 
very minute quantities ot the same magnitude, 
each of which cannot be subdivided into any 
smaller quantities. This is, indeed, an inevitable 
inference from Faraday’s discovery of the laws of 
electrolysis. Thus, when hydrochloric acid, 
the molecules of which consist/ of an atom of 
hydrogen combined with an atom of chlorine, is 
electrolysed, each molecule splits up into two 
ions — namely, a hydrogen ion, consisting of a 
hydrogen atom charged with a positive atomic 
charge of electricity, and a chlorine ion, con- 
sisting of a chlorine atom carrying a negative 
atomic charge of electricity. Now, the electro- 
chemical equivalents of the elements are known. 
To dissociate one gramme of hydrogen from 
chlorine requires 96, 6(K) coulombs of electricity to 
be passed through the electrolyte. The physicist 
lias further concluded, from various other 
experiments, that 1 gramme of hydrogen con- 
tains no less than 10- ‘ (that is 10 quadrillions) 
of atoms. It follows that each atom of hydrogen 
carries a positive charge of 9*66 x 10“-^^ of a 
coulomb ; and each atom of chlorine an equal 
negative charge. * 

Electrons. This natural unit or atomic 
quantity of electricity has bt^n called an electron. 
An ion is, therefore, an atom of matter combined 
or associated with an electron. Some atoms 
are, as the chemists say, divalent, and carry 
two electrons ; thus, the oxygon atom carries 
two negative electrons, and the zinc atom 
carries two positive electrons. When one atom 
of oxygen carrying tivo negative electrons 
combines with two atoms of hydrogen, each 
carrying one positive electron, there is produced 
one molecule of water. The electrons then are 
known to us as associated with matter. It is 
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oortain for quite other reasons that negative 
electrons can exist by themselves. It is not so 
certain that a positive electron can exist by itself. 
Indeed, one view is that there are no positive 
electrons ; that a positive ion consists not of 
an atom of matter plus a positive electron, 
but of an atom of matter that has got one 
negative electron too few associated with it. 
Accordhig to this view, we can account for the 
production of electrification by friction as 
follows. When we rub two things together, if 
they are of different materials, one will part 
with its electrons more readily than the other, 
so that when wo rub one surface over the other, 
and part them, one will lose some of its electrons 
and the other will gain them. Thus, if we rub 
celluloid with flannel, the flannel loses some of 
its (negative) electrons and becomes positive, 
while the celluloid gains the (negative) electrons 
and becomes negative. If two pieces of the 
same substance be rubbed together the gains 
and losses on each piece are, on the avorag(\ 
alike, and no electrification of either piece is 
observed. But this is no longer true if the two 
pieces are not in similar condition. Thus, 
rough glass becomes negative if rubbed on 
smooth glass ; and non-conducting subsfances 
when hot generally become positive if rubbed 
on a cold piece of tlie same substance. 

Electric Stresses. If wo rub glass on 
silk there is no sign of electrification shown until 
we separate them one from the other, when we 
find the surface of the glass is positive and that 
of the silk negative. Now, since a positive and 
a negative charge attract one another, it is 
obvious that we cannot draw them asunder 
without expending some energy in the act. 
Whore docs tliis energy go to ? It certainly 
remains in the “system^’ — meaning by that 
term the tvfo charged bodies and the medium 
between them — for it can be given back as 
work done when the two charged bodies run 
together again. Tiie case is analogous to tliat 
of two bullets tied together by a short spiral 
spring or a piece of elastic indiarubber. WJien 
we separate them they apparently attract one 
another back ; but the energy given to them in 
pulling them apart resides not in the bullets, but 
in tlio strained medium that connects them. 
A closer analogy is afforded by the mutual 
attraction between two magnet poles of opposite 
kinds, one north, one soutli. Now, in that case, 
as explained on page 500, wo can follow up 
these actions, and can show that the magnetic 
stresses follow certain curved lines through the 
medium. In a precisely similar way it is 
pos^sible to explore experimentally the space 
between two electrified bodies. 

Lines or Tubes of Electric Force. 
If we place a dry glass plate on a non-conducting 
table, and bring to touch it at two points two wires 
which are kept highly electrified by a suitable 
source, and then sprinkle between them certain 
powders, such as warm powdered tourmaline 
or crvstallised quinine powder, wo find that the 
powder arranges itself in more or less defined 
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lines, just as iron filings do in a magnetic field. 
Fig. 251 gives diagrammatically tlie curves of 
the electric lines in an electric field of force 
between a positive body, P, and 
a negative body, N. tSio whole 
intervening part of the medium 
is, in fact, in a state of stress, os 
revealed by those curves. Along 
the lines there is a tension ; trans- 
verse to them there is a pressure ; 
with the result that these stresses in the medium 
tend to urge the two charges toward one another. 
But, considered from the electron point of vit^w. 
each “ charge ” consists of electrons, os many 
positive electrons on one as negative on the 
other, if tho charges be equal. The stresses 
then in tho medium may be mapped out as 
curving lines — or, rather, as tubes — each of which 
lorminatos at one end at a positive electron, 
at the other end on a negative electron. Two 
similarly electrified bodies repel one another ; 
or, rather, the stresses tend to urge them apart. 

Fig. 252 sho\vs the tubes of elec- 
tric force in the neighbourhood 
of two positively-charged bodies. 
In this case the tubes have each 
one end on one of tho po.utivo 
cliarges, and their other end on 
the negative chargi' on the walls 
or other surrounding or neighbouring conductor. 
Every atom, at any rate under ordinary condi- 
tions, lias an electron associated with it, and there- 
fore has an electric “ tube ’’ procoi^ding from it. 
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Electrons and Conduction. While 
in a non-conductor or dielectric medium, such 
ivs air or glass, we can have a jiermanent state 
of electric stress between two (‘harg('s, this is 
not BO in conductors ; for if we imjiart to any 
jiart of a conductor a charge*, tliat charge in- 
stantly spreads through tho metal. When tho 
whole conductor has ct)me to tho same potential 
the flow ceases. Ap]iarently, then, olectronii 
can move freely through tlie mc^talii. According 
to this view, when w^e join a batt(‘ry to a loofi 
of who positive electrons rush in at one end 
and nt'galivo at tho other, and tho tubes whieli 
extend across the space from a positive to a 
corrc‘sponding negative elc'ctron must rush 
along with the electrons, and finally collapse 
into tho wire as the electrons mcot». In the cas<» 
of a telegraph wire stretched over the earth and 
connected down to earth at. the distant point, 
the current, on this view, will consist of the two 
electrifications travelling along in company 
from the battery and toward the distant end, 
one travelling along tho wire, the other travelling 
on the earth, with “tubes” stretching between 
them and also travelling along. Tho tul>es 
which thus connect the positive and negative 
electrons sweep through the dielectric ; and 
the energy path thus lies, not in the conductor, 
but in the intervening or surrounding medium. 


Note. In flic diagram on page 3088, instead 
of charge read discharge^ and instead of discharge 
read charge. 


Continued 
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By Professor HENRY ROBINSON 


PRELIMINARY to a Mudy of the great 
* Kubject of Water Supply we muHt make 
onrHelvcK familiar with the approved methods 
of (^Htimating rainfall. Evaporation from the 
sea and the surfaces of land causes air to lK‘Come 
laden with water vapour. On cooling, the water 
vapour condenses and forms mists and clouds. 
Excessive condensation leads to rain. Varia- 
tions of temperature and barometric pressui'e 
alter the capacity of the air for retaining v^ater 
vapour and mists. Rainfall is measured and 
recorded in terms of the depth of water that 
would bo caused if it were collected on a flat 
area, and assuming that no water could run on 
to it from an adjacent area, and no evaporation 
take place. 

The late Mr. O. J. Symons may aptly ho 
described as tho pioneer of mck'orology as far as 
rainfall is concerned. He was the 
originator of the British Rainfall 
Organisation, now carried on by Dr. 

Hugh Rol)ert Mill, at the (Camden 
Town Station in London. The re- 
cords ai-e published in a book called 
“ British Rainfall,” and deal with 
about 4,(KK) returns. 

The mean annual rainfall in 
England varies from about 20 inches 
to about HM) inches— the latter in 
the Lake District. This, how'cver, 
is far exceeded in places abroad, 
as, for instance, in Chena Pungi, in 
Assam, where, in 1861, the rainfall 
was 805 inches, of which 306 inches 
hdl in July. The mean annual rain- 
"fall there is 559 inches. 

Rain-gauges, The amount of 
rainfall is ascertained by rain- 
gauges, the most common being the 
Snow'don [ll. This consists of a 
brass cylinder. A, which is sunk into 
the ground, leaving the lip about 
one foot above the surface. Inside this is a 
funnel, w'hich collects the rain and leads it into 
a bottle resting on the bottom of the cylinder, 
the amount lK‘ing measured daily by means of 
the graduated glass, B. Tho bottle holds about 
three inches of rain. If the rainfall exceeds this 
the excess is collected in the inner can. 

Various forms of self-recording rain-gauges 
have been invented, one of which is Negretti & 
Zam bra's [2]. Tlie rain enters a collecting 
funnel, A, and runs into a tilting-buoket, B, 
divided into two equal parts, tipping over 
when *01 inch of rain has fallen. This ad- 
vances an escapement wheel one tooth, and 
by means of a perfect helix attached to this 
wheel, the long lever carrying a pen, as shown, 
is raised until an inch of rain has fallen. When 
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this point is reached, the lever falls to the other 
end cf the helix, and the recording pen runs 
back to zero, and liegins to record a second 
inch. The recording drum Is worked by clock- 
work, the chart beiitg divided into *05 inch, 
and lasting a w^eek. The escapement wheel is 
also dividend into *()1 inch of rainfall. 

A laU*r pattern of the machine is the Electrical 
Self - Recording Rain - gauge, w hich is very 
similar to th(i above, and another gauge is 
Richard's Self-Recording Rain-gauge [3J. In 
the latter a funnt*! Iciwls tho rain into a 
lilting bucket divided into two equal parts. 
One of these compartments being under tho 
funnel, when rain falls the balance* descends, 
a writing pen recording this motion on the 
revolving drum. The tipping of the first 
compartment causes the second to place itself 
under the funnel. The filling and 
emptying of (*aeh compartment are 
alt(‘rnately and automatically pro- 
duced. and to each of these double 
operations corresponds a rise and 
a fall of the writing pen. 

In Halli well’s Standard Self- 
Recording Rain-gauge, the rain 
fi’om a receiver passes through a 
wide pipe to a cylinder, in which is 
a float, b(*aring a vertical rod, that 
raises or lowers a sliding pen 
arrangement. As the water accumu- 
lates, the float and pirn rise, the 
latter recording continuously the 
rate of rainfall. Shortly before the 
pen arrives at the top of the chart, 
the cylinder is emptied by a syphon 
arrangement, the pen returning to 
zero and starting registering again. 

The diameter of a rain-gauee 
should never be less than five 
inches. The late Mr. Symons ex- 
perimented with gauges from one 
inch diameter up to six feet square, and 
found them all agree wuthin 5 j)er cent., and 
(excluding the very large ones, which cause 
an excessive deposit of (Jew) the differences 
are generally within 2 per cent. Rain-gauges 
plac^ high above the ground collect less rain 
owing to the high velocity of the wind causing 
an eddy over the oi)ening, an instance of 
this Ix^ing a gauge which collected 12 inches 
on one of the towers of W^estminster Abbey, 
18 inches on a roof close by, and 23 inches on 
the ground. 

Rules for Rain-gauging. It will be 
helpful to give the following abbreviated list of 
the rules issued by Dr. Hugh Robert Mill for 
the use of the observers all over the country 
who are taking records for him. 



1. S^OWnON RAIN 
GAUOE 
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Selection of Site. — A luin-gauge should be 
placed on a level piece of ground, and clear of 
all objects higher than itself. If an open site 
cannot be obtained, the exposure to the south- 
west and north-east should always be free. The 
height above sea-level should be de terminal. 

Mountain and Moorl\nd 
Sites. — Gauges should not he 
unduly exposed to the sweep cd 
the wind. A turf wall about two 
feet high, surrounding the gauge 
at from 6 to 10 feet distant, is 
recommended. 

pLvriNO THE GAroE.— The 
gauge should b(' firmly fixed so 
as to prevent tilting, and should 
he surrounded with short grass. 

Hekhit above Ground. — The 
funnel should be set exactly level 
and one foot above ground, but 
never more than 1 ft. (i in. 

Saull Amounts.— I f the gauge 
contains h*ss than *01 of an inch, 
but more than half that amount, 
it is entered as •()!. If less, it is not counted. 

SN 0 W^ — To measure snow in a Snowdon gauge 
all that is necessary is to melt the snow m the 
tunnel m front of a fire and nu'asure the resulting 
water. To estimate by depth, take the average 
depth over a eonsiderabU* area, when one-twelftli 
is the equivalent amount of rain. 

Mean Rainfall. In dealing wdth 
rainfall records, the lab* Mr. Symons 
established the in(‘thod of reduction 
to a pereontage of the mean fall os 
follow^H. Suppose a jilaoe has a mean 
annual fall of ,30 inelu's, which is 
incr(‘ascd for one year to 40 inches, 

40 -r 30 ^ l*;Vl, or the fall for 
that year was 33 jht cent, more 
than the mean. It may be well 
to (‘xjilain that by wmn or wenv 
jail IS meant the arithmetical 
average fall of any whole iKTiod 
or record. 

Rainfall Data. Sir 

Alexander Binnio has tabulated 
statistics (see table on next 
])agej to show the probable 
maximum error in an 
estimate of mean annual 
rainfall (taken from a 
large numbt'r of records 
all over the world) for 
periods of from one to 
thirty-five years. 

The Mean Annual 
Rainfall. Thus, if re- 
cords are available over 
a period of ten years, the 
fjH'or in estimating the mean 
is not likely to exceed 8*22 per cent. 

Engineers generally agree that the three driest 
years would ^eld one-sixth less than the mean. 
The late Mr. Symons, after careful investigation, 
mode it one-fifth or 80 per cent, of the mean. 
For the British Isles Dr. Mill anticipated that 
the wettest year would exceed the average by 


NEORETTI & ZAMBRv's 
RAIN OAUOE 



3. Richard's bain gauije 
annual rainfall 


43 |)er cent., and that the driest wmld ftill l)elow^ 
it by 29 jK‘r <*ent. Sir Alexander Binnie mad(‘ 
these figures 45 per cent, and 24 per cent, 
respectively. 

Gauging for Waterworks. WHion, how- 
ever, an engineer has to deal with watersheds 
for waterworks purposes, where the 
xrea is limited, more accurate infor- 
mation than the above is required, 
and the question of the flow ofi' tlie 
area for very much shorter periods 
must 1m* taken into consideration on 
aeeounl of the fact that the rainfall 
relied on for filling storage reservoirs 
falls eliiefly in the winU^r months. 
3'liis being the case, it is obvious that 
the season of the year plays a very 
important part, and, together with 
the falls over short jioriods, requires 
careful study. Also a greater 
numlK^r of gauges are necessary in 
order to g(‘t accuracy, as it has 
lM*en found that in small areas 
gauges placed in diftei’ont positions 
in a vall(‘y gave (juiU* different results. 

The rate at which rain falls and ffows off th(^ 
ground is a point which should always be kept 
in mind when taking rainfall figures into con- 
sideration, as this affects the qu(*stion of waste 
weirs for reservoirs, and d(H*Hnot appear w4ien 
taking the average of a whole year. 

The Available Rainfall. The 
question of the amount of the rainfall 
that will flow off a catchment ar(*a — 
called the availahic rainfall — will 
df‘|)end very largely on the geological 
formation ol that area. The available 
rainfall is that quantity which could 
he used for waU*r supply purposes 
aft(*r deducting the loss due to evapora- 
tion, absorption, and percolation. 

Water, afU*r falling on the 
surface of the ground, tends to 
percolate into tlie soil, the 
amount of this percolation de- 
jK*nding on the eharaeter of the 
strata, or its capacity to absoib 
moisture, and on the 
nHtu»*al slope of the 
ground. The greab'r th<) 
slope the larger the quan- 
tity that will run off to 
f(‘cd the watercourses to 
which all surface water 
ultimab*ly arrives. The 
rain passes through the 
soil for a certain depth 
until it comes to the 
natural surface of satura- 
tion ; from thence it will 
follow the lino of underground flow, this lino 
depending on the resistance of the strata 
The percolation may bo ficrmanent, in w^hich 
case* it is entirely lost as far as that particular 
watershed area is coneemexi, or it may be 
temporary, when it will sink below, and, 
after travelling underground, will issue in the 
form of springs at a lower level, and join 
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Period of 
reconlH— 
in years. 

Percentatfc of deviation of the mean 
annual rainfall of the period from 
the tnie mean annual rainfall. 

Miove 

Relow 


Pei (ent. 

Per { ent. 

1 


40 


.S5 

;n 

3 

27 

2.'! 

5 

14 03 

14-03 

10 

b-22 

8-2-2 

16 

4 75 

4 - 7r» 

20 

H‘ti4 

H-24 

25 

2 7'i 

2*7.'i 

80 

2-20 

2 2(i 

85 

1-78 

1-78 
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the same stream that is fed from the surface 
water. An illustration of this occurred in a 
case in which the writer was engaged, where 
a fault in the strata compelled the water to 
issue in the form of a spring about half a 
mile below where it had been intended to place 
a dam for impounding purposes, whereby only 
about half the estimated available rainfall 
would have been available. 

The most accurate way to arrive at the avail- 
able quantity is to gauge the stream, and then, 
by directly comparing tlie quantity flowing with 
the quantity that ha'i fallen and lieen collected 
in rain gauges, the amount of the loss by the 
before-mentioned causes can be estimated. Some 
close approximation can be made to the amount 
by a comparatively short period of gauging, if a 
long record of rainfall gaugings ho available ; 
])ut it must always be borne in mind that the 
heavy falls over short periods are more important 
than averages for this purpose, and also that 
the condition of the ground when the rainfall 
takes place, whether after a drought or not, 
materially affects the percolation. 

Percolation. The question of percolation 
has received considerable attention at different 
times, and experinaents have been madt' with 
what are called percolation gauges to see the 
results with various soils. Percolation at one 
period may have an influence on springs for 
months. 

A wet winter will give abundant springs in the 
following autumn, but if that be followed by a 
dry winter the latter will obliterate the effect of 
the previous wet winter. 

In summer there is no percolation as a rule. 
The records from percolating gauges are usually 
divided up in half-yearly periods of summer and 
winter. The figures given in the table in next 
column for percolating gauges were given in 
“ British Rainfall. “ 

An examination of these figures shows that 
the percolation varies considerably with the 
two sets of gauges, indicating that percolation 
gauges do not give so reliable results as river 
gaugings, which afford the data required by 
engineers, and are far more useful, although 
more difficult to observe. 

AbaorptiOA. If the watershed be hilly 
and the surface only slightly absorbent, there 
is the minimum absorption, and, the area 


having a sloping surface, the rainfall passes 
to the streams with the least evaporation. 
If the area be flat, with a pervious soil, 
the bulk of the rainfall passes underground. 
If the soil be clayey instead of absorbonl, 
the maximum loss % evaporation takes place. 
If the surface of the gathering ground be 
wooded, it affects the amount lost by evapora- 
tion, and the rate at which the rainfall passes 
off to the streams, as large quantities are 
retained by the trees which shelter the surface 
from the sun’s rays. If such an area were 
cleared of timber, the rainfall would pass more 
rapidly to the streams. In Humboldt’s 
“ Cosmos ” the author describes an interesting 
case bearing on this, of the effect of clearing 
forests in one of the countries that he visited. 

Evaporation. The evaporation in this 
country is generally tak(‘n at between 12 and 16 
inches. At Nagpur, in India, the evaporation 
was found to 4 feet in 272 days of dry 
weath^T, while from the large reservoirs sup- 
plying Manchester it has been found to reach 
orie-t-enth of an inch per day in times of 
drought. The following are some figures on 
evaporation from open reservoirs in America : 

At Ontlunslmrp: (New Ycrk) .. .. per atiuimi 

„ SyrariHe (U.S.A.) 50 2 " f, 

„ Suleni „ Mi 0" „ 

„ Cambridijo „ „ 

Dew Ponda. lender c(*rtain conditions 
evaporation ceases, and water is (‘ondensed on 
the surface of reservoirs. On Salisbury Plain, 
and other elevated districts on the chalk forma- 
tion, small ponds called “dow ponds’' are con- 
structed on the tops of the hills wliere little 
or no surface water can run into them, yet 
a small supply of water is obtained, ownng 
to the very heavy dew arising from the con- 
densation of the vapour which is evaporated from 
the surface of the chalk. 


AT APS LEY MlLl^S, 

REM EL 

HEMIVIEAD. 


Suiinm'i- 

Winter. 

Year. 

Rain 

1-2 


26 06" 

Perr(»latioii (3 ft. sand). . 
Evaporation 

s-oi 

8 04 

12-.'):. 

V Mi 

16-46 

0 60 

3'-3" of clialk ViM-folatiou . 
Eynporatioii 

1-8.1 

10-72 

1 10-4-i 

3 00 

1 

12 2.") 
18-81 

8'-8" of earth Percolation . 
Evaporation | 

1-54, 

11-01 

11-21 

2-30 

' 12-75 

13 81 


The Nash Mills gauges gave as follows ; 

S ft. of chalk Percolation.. . 10 -ST* 
E\H]>uratiou 17-10 


S ft. of chalk Percolation.. . 10-or» 
Evaporation 17-10 

Rainfall 27-84 

8 ft. oi earth Percolation . . 6-08 

Evaporation 21-82 

Rainfall 27-84 


In all schemes for the utilisation of the rain- 
fall it is necessary to take into consideration 
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the periods of drought ; and in estimating the inches of demand per annum, a curved line can 
yield from a gathering ground the quantity be drawn, giving the storage required for any 
to be relied on is based on the available rainfail rate of demand. 


over the three consecutive driest years. The 
term drought can be regarded only as a relative 
term, lie late Mr. Symons has suggested 
these definitions : 

Absolute Dbouohts. — Periods of 14 or more 
consecutive days absolutely without rain. 

Partial Droughts. — Periods of 28 or more 
consecutive days in which the total rainfall doi's 
not exceed 0*25 in. 

Long Droughts. — Periods of not less than 
60 days with a total rainfall of less than 2 in. 

Storage. The yield from gathering grounds 
in times of drought is of extreme importance, 
as the question of providing storage directly 
depends on it. 

Some engineers provide storage foi 2(K) to 250 
days’ supply, and rely on one-third or one-fourth 
of a cubic foot per second during the drought 
from each 1,000 acres of gathering ground. 

The following formula for finding the number 
of days’ drought to provided for w as employed 
by the late Mr. T. Hawksley : 

r»()()_ 

Number of days drought = available rainfall 

• ^ ot a di y yeai H. 


Water Supply In Towns. The amount of 
w*ater required for the supply of a town depends 
on several considerations, one important factor 
being the extent to which it is wanted for 
manufacturing or trade purposes. For ordi 
nary domestic use about 10 gallons per head 
per day will suffice provided there be no 
avoidable waste. Provision has to be made for 
gardens, stables, manufactories, public baths 
and washhouses, street watering, sewer flushing, 
tiro extinction, etc. For these rciiuircments 
another 10 gallons per head per day has to be 
provided. Whore the town does not iequiri» 
w'ater for trade purposes, 25 gallons })er head per 
day should be a safe calculation. The following 
data may bo given to illustrate this. Bristol 
has a consumption of about 22 gallons per head 
per day, which is ample, whi‘reas Glasgow has 
about 50 gallons per head per day, of which 
It) gallons are for trade ])urposi*s, th(‘ re- 
maining .‘U gallons being for domestic sujiply 
and for public purposes. The Glasgow water 
being soft (having only one dt‘gree of hardness), 
th(^ minimum of soap and tlu' maximum of 
W'ater an* used, while the charge* for winter for 
non-domestie purposes is only 4d. ))er 1,(M)0 


The relation between the size of the gatlH‘ring 
ground and the amount of storage required is 
one of the first considerations. If the demand 
is small compared with the average* yield of the 
gathering ground, the amount of storage may 
06 small, or nothing at all. The exact amount 
of storage that is required to maintain a. certain 
supply from any river can be liest determined 
graphically, if gaugings are available throughout 
the period of greatest drought. Fig. 4 shows how 
this can bo done. 

Tlio vertical scale represents the discharge of 
the river expressed (pn*ferably) in inches of rain 
over the whole gathering ground, and the 
horizontal scale represents time in months and 
years. The results of gaugings are plotf>ed in a 
cumulative line, showing the total discharge from 
the beginning up to any date. From the sum- 
mits of the discharge line straight lines are drawn 
(dotted in diagram) at a slope corresponding to 
the demand in inches of rain per month. Thew* 
demand lines will bridge over the 
depressions (representing droughfsl 
and cut the discharge line again if 
it rises rapidly enough after a J 
drought. l4ie greaU*st vertical dis- ' 
tance betwet*n th(* discharge* lint* and • 
the demand line gives the exact 
measure of the storage capacity that * 
is required to meet the demand t / 

throughout the drought in question. ^ / 

If the demand line is on the same, 5 / 

or on a flatter slope than the flattest ^ 
part of the discharge line, no storage 

IS necessary. If a second diagram 

is plotted with a vertical scale re- « « 

presenting inches of storage required, ** **' 

and a horizontal scale representing 4 . : 


gallons. 

At Bristol, on the other hand, the water has 
22 degrees of hiirdness, which means much soap 
and little wat<*r tor washing piiriioses, and the cost 
for non 'domestic wat(*r is fi*om 6d. to Is. (id. 
per 1 ,(KM) pillons. Hc'sidential citii‘H like London, 
Kdinburgn, and Dublin take about 33 gallons per 
licad in the first-named to 38 gallons in the oth(*r 
two. (If th(* manutacturing towns, Liver})ool 
takes about 30 gallons, Manch(*Bter 28 gallons, 
Belfast 35 gallons, Dundee 48 gallons, and 
Aberdeen 43 gallons. The eoiisumption for 
domestic purpos(*s is increased in a town where 
a three gallon flush for > 

water-elosets is allowed, as » / 

distinguished from a town ^ / 

where not more that two If / 

gallons arc* permitted. o y 

fn considering distribu- 
tion, it is ini- 

port ant to -7 


t 1 : I I I 1 1 

4 . DIAGRAM SHOWING PERIODS OF DROUGHT 
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remember that the consumption of water is 
not uniform throughout the day, as great fluctua- 
tions occur at different hours of the day and 
at different times of the year. 

Sources of Water Supply. An urban 
or rural district having to be supplied with water, 
the first thing to consider is the possible sources, 
having regard to the quantity required and the 
cost of the works involved. These can bo defined 
as consisting of either gravitation or pumping 
works, the former enabling the water to be 
collected from surface sources (such as streams 
receiving the rainfall flowing off what a.re 
known as gathering grounds, catchment areas, 
or waJterah^s), the last mentioned including 
water raised by pumps from a stream to a 
reservoir at a higher level, or water raised 
from an underground source to a similar storage 
reservoir, or to a water tower enabling the 
necessary head or pressure to he obtained in the 
distributing pipes throughout the area of supply 
to reach the highest buildings. 

Underground Sources. If the water 
from an underground source has to bo utilised 
by sinking a well, it must be remembered 
that the lowest water-level in a deep well in 
this country usually occurs in the autumn, 
and the most rapid rise occurs in February. 
In selecting the spot for sinking a well, it is 
necessary to examine carefully the surrounding 
district, and to form a clear idea of the ph 3 micai 
and geological conditions, so that the well 
may bo sunk at a point where the dip of 
the strata which are water-bearing will bring 
tlie water towards the well. The depth to 
which a well has to be sunk to ensure the 
requisite supply involves a study of the area of 
the underground water that can be drawn to the 
pumps at the bottom of the level. At the 
bottom of a well a chamber can be made or 
adits driven to store water. This enables the 
pumps to bo at work only during ordinary hours, 
as they are made powerful enough to deal both 
with the regular flow to the well and with the 
increased volume due to storage. 

Inverted Cone. The effect of pumping 
is to produce what is known as a curved cone 
of depression, or inverted cone, duo to the resist- 
ance of the water passing through the strata 
from the higher water-level around to the 
lower level of the pumps. To assist the pas- 
sage of the surrounding water to the pumps, 
adits are often driven from the bottom of 
the well. These intercept fissures in the strata, 
thus tapping large volumes of water. 

The effect of withdrawing water from its 
underground stores by pumping from deep wells 
is often attended with the lowering of the water- 
level over large areas, thus involving the loss of 
water in wells which had hitherto afforded the 
supply needed for domestic or trade purposes. 
\^ere water flows in a defined channel, as in a 
stream, or from a spring, its abstraction involves 
compensation to those who are entitled to 
utilise it. If, however, water flows through 
underground strata, the Courts have held that 
there is no legal title to it, as it cannot be identi- 
fied. The iifliabitants of a district may, there- 
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fore, be deprived of their water supply if their 
wells are on the before-mentioned cone oi 
depression. By adding lithia to water, a very 
definite and well recognised effect is produced 
in the spectroscope, by which water can be 
identified, and the writer succeeded in doing so 
in a case where water was abstracted from a 
stream by laying drain-pipes in a field adjoining, 
and thus enticing (as it is termed) the water 
from the stream without compensating the 
riparian owners. 

Temperature of Well Water. The 

temperature of water from wells and bore- 
holes is 62° F., at a depth of 100 ft, ; 69° F. at 
a depth of 600 ft. ; 68° F. at a depth of 1,000 ft. ; 
76° F. at a depth of 1,600 ft., and so increasing 
with the depth. For the supply of a town, a 
temperature of from 62° F. to 55° F. is desirable. 

Classification of Wells. Wells are 
classed as (1) shallow wells, (2) subsoil wells, 
and (3) deep wcllb. The first, intended to 
f»ui>ply adjoining wants, are always liable to 
pollution from surface water, derived from th.^ 
houses, farms, or cultivated land. The second 
derive their supply from a greater depth, and 
pollution can be avoided if the well is built with 
brickwork in cement, surrounded by a layer of 
clay puddl(‘, until it has been carried through 
the pervious surface soil, to prevent polluted 
water percolating to the level whence the supply 
is drawn. The top of the well should be carried 
a tow feet above the ground, and covered. The 
third is sunk to roach water-bearing strata at a 
depth from the surface where the water would be 
tree from organic pollution, unless, in very 
exceptional cases, a fissure in the strata brings 
polluted surface water to the deep-level water. 

Artesian Well. An artesian well is one 
that is sunk to a source of supply which is 
ftd by water flowing from a higher level 
than the top of the well, so that when the 
source is reached the water flows from the top 
of the well at a greater or less height, accord- 
ing to the head of water acting on the 
column. Tho size of the tube in this case 
governs the supply of water, as the quantity 
that can be discharged depends upon well-known 
hydraulic rules, tht* fac*tors being the diameter, 
length, and roughness of the tube, and the head 
or pressure of water. 

Tubbing. Cast-iron cjhnders bolted up 
in segments and called tabbinj are often 
employed as the lining of a large well. The 
first part of the cylinder has a cutting edge 
at tho bottom of it, so that as the ground is 
excavated the cylinder sinks by the weight 
of the ironwork alone, aided, if necessary, 
by a temporary weight. A timber framing is 
used during the execution of the first 20 ft. of 
the work, to keep the cylinders -vertical. If the 
work be in water- bearing strata, compressed air 
can be used to prevent the water rising and 
interfering with the men excavating, the well 
being made airtight for that purpose. 

Wells Through Rock. In sinking large 
wells through rock, blasting has to be resorted 
to, on the smaU shot system, the object being 
to remove as much stuff with the fewest shots. 
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the holes for which are generally not drilled 
nearer to the side than about 12 in. As the 
air gets fouled at about 30 ft. below the surface, 
a change of air is necessary, and this is effected 
by carrying a tube down the side, attached 
to a fan on the surface. 

Boring large wells through rock can be done by 
employing rods to which is attached a wrought- 
iron crosshead, with wrought-iron chisels, having 
steel points. This tool is raised by a cable, 
which is coiled round a drum on the surface, and 
which enables the tool to be lifted and dropped 
quickly. During the operation its position is 
changed by a rotary motion. If the boring l)e a 
small one, only a single chisel is used. The 
difl rnond drill [sc<* page 2609] enables a solid core 
to be extracted. 

Tube Wells. Tube wells are a convenient 
nnd cheap way of sinking through ground 
that is not rocky, to ascertain the level of 
underground water, and to obtain either a 
t<‘mporary supply (as for a or a permanent 

supply. The m«‘tliod of carrying out the work 
IS by driving tubes screwed together in lengths, 
the screwed joints keeping out surface water. 
As one length is driven, another is screwed to 
the top of it and the sinking proceeds, the 
driving power lx‘ing obtained by dropping a 
Av eight from shear legs on the top, as in pile- 
dri\ing. The material inside the* tube is 
removed by^ a shell pimpt or cylinder, divided 
into compartments, each having a valve through 
w^hich the debris passes into the pump, which 
is smaller than the hole, and is lowered by a 
ro})e, and after being lilted and dropiied a few 
times, it gets tilled, when it israisi'd and emptied. 

Storage and Impounding Reservoirs. 
We shall now consider the question of pro- 
viding the water supply of a town by storing it 
in a reservoir of sufficient capacity to provide 
for tlu» possible contingency of droughts. The 
supply may be either from a stream or from a 
river at a low level, involving the pumping 
of the water to a storage reservoir Hitu<ited 
high enougii to afford the necessary pressure 
to reach the highest parts of the district, or it 
may be by impounding the water in a river 
supplied from an adjoining watershed by the 
construction of a dam of earthwork, masonry, 
or concrete across the valley in which the river 
Hows. To meet the requirements of the district 
it is essential that the capacity of the reservoir, 
governi'd by the height of the dam, and by 
lh(* amount of water that can be impounded, 
should be sufficient to meet the exceptional 
needs of periods of drought. It is also necessary 
to make trial borings over the whole site of 
the proposed reservoir to ascertain that there 
are no strata through which the water can 
percolate and be lost underground. Levels 
must be taken across the valley and trial holes, 
or trial shafts, made along the lino of the pro- 
posed embankment or dam, the line being 
settled upon these results. 


Capacity for Roaervoira. In deter- 
mining the capacity required for an impound- 
ing reservoir, the engineer has to consider 
what compensation has to bo provided for 
those who have the legal right to tho use 
of the water flowing in tho stream either for 
agricultural or other riparian purposes, or for 
power in working mills by w^aterwheels or 
turbines. Although the users of streams arc* 
often benefited by the conservation of water 
in a storage reservoir, by wdiich occasional 
Hoods lower down tho river arc prevented 
or mitigated, yet, in practice, llu^ engineer has 
to deal with compensation water. To solve all 
the problems that have been indicated requires 
careful observation, skill, and experience. 

In dealing with the conservation of w'ater 
from gathering grounds tho question of quality 
and purity, as well as of quantity, is a factor. 
These will be touched on lat(*r. 

The belter conservation of tho rainfall of this 
countiy is a national question, and demands 
at this time careful consideration. The jiojmla- 
tion increases, but the water wliieli is available 
for their ri'quirements does not increase, and 
every y(‘ar there arises a struggle for waterslu'ds 
from w^hich to obtain the supply lor the ne(*ds 
of the great communities ctmtred in our towns, 
w^hil(‘ the populations in villages too often 
depend upon shallow wells, which aie liable* to 
pollution. An ideal state of things would hr 
resilise^d had tlie* whole country been mapped 
out into watershed districts under a I)(*partme‘nt 
of State*, by whie*h a careful study of the* ]>hyHicaI 
ge*e)gra])iiy and of the* hydrogeologie*al e'onditions 
of the coun'iy would have le'd to a more eepiiiable 
and systematic utilisatiem of the rainfall than 
has hithe*rto obtaineel. Tlu* rivers and watei- 
sheds could the*n ha\e* be»e*n utilise*el on some* 
definite systeun te) e'usure* the conse*rvati()n e>f 
the* wat/cr, and to avoid the appro])riation oi 
imjKirtant gathering grounds foi* small purpose\s. 

Storage of Flood Water. The* utilisa- 
tion of the excess w'ater in wet se-asons to 
m<H*t the e]eficie*ncies in dry seasons can be 
accomplishe*d only by the construction of im- 
}K)undmg reservoirs, in wdiie*h Heiod wate*rs may 
be stem^d, with the double* ailvaiitage*s of mitigat- 
ing the effects of floods and of b(*tte*r adjusting 
the balane*e be*tween sujqily and de’mand 

In cemsidering the* epiestion eil conseiwing 
floeid water for town supply, fleieul wate*r was, 
until recently, e>>)je*ete*d te>, as it was uneie*r the* 
ban of being pollute*d. TJie le'port ot Lord 
Llandaff’s ( Jommission, jii 1899, on Lonelon w'ater 
removed this ban as it stated that “ ne) rcstrie*tion 
need lx* placed on taking flood wat-e*rs,” and also, 
“it w'ould present a double advantage— the e*ost 
of pumping to store would lx* saved, and it 
wsiuld Ixi possible to take much mein* w'at(*r into 
the re»Rervoir whe*n the river is full, as the intake 
would not be limited by the capacity of tin* pumps, 
which cannot deal with more than a fnu'tion 
of the water passing down at times of flood.” 


Continued 
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NON-COMMISSIONED OFFICERS 

Channels to Promotion from the Ranks. Examinations for the Private. 
Technical Branches of the Service. Pay, Discharee, Pensions 

ooTitliiued troio 


By C. DUNCAN CROSS 


I^ANCE-CORPORAL or acting bombardier is 
^ perhaps the most difficult position of any 
man in the Army, and for this reason. He is pro- 
moted from among his fellows, and exercises a 
certain limited authority over them. He must live 
among them, mess with them, and bo one of 
them ; yet all the time he must keep his authority 
intact. A very good use for his leisure hours will 
be attendance at the regimental school or private 
study to improve his education, for to-day 
war is a complicated tiling, in which book 
knowledge has its place quite as much as 
physical strength. In any case, before being pro- 
moted to corporal or bombardier, the aspirant 
will have to gain a third-class certificate of 
education, if he does not already jiossess one. 
'Phis is an easy examination which any intelli- 
gent boy should be able* to pass. Tt consists of : 

Arithmetic. Compound rules and reduction, 
simple vulgar fractions, and the ability to make 
up a messing account. 

CoMPO.siTioN of a letter to a friend.. 

Writing prom Dictation. Extracts from 
Regimental Orders. 

In this he must gain 120 marks out of a possible 
200. As a corporal he will have to wait some 
time for his third stri})e. The interval may 
very well be occupied in gaining a second-class 
certificate for: 

Arithmetic. Reduction, practice, proportion, 
fractions, decimals, military percentages, averages 
and proportion, superficial and cube measures, 
ability to make up a pay and messing account 
for three, etc. 

Composition. Ability to describe clearly any 
simple object, incident, or place in the candi- 
date's acquaintance. 

Writing from Dictation. Extracts from 
Regimental, Command, or Army Orders. 

Sergeants. With a second-class certificate 
a man may be promoted to sergeant when a 
vacancy occurs. In addition he will have to 
pa.ss a practical examination in the intricacies 
of drill and the interior economy of a company, 
squadron, or battery. 

.At the present time it is possible to rise to 
colour-sergeant, or the equivalent positions of 
troop sergeant-major and batteiy sergeant- 
major in Cavalry and Artillery, merely by waiting 
for seniority. But all signs point to the fact 
that in future a first-class certificate will be 
necessary ; and this is a more serious affair. 

Arithmetic. The whole subject (except 
present worth and discount, stocks and cube 
root). Prominence is given to problems. 

Composition. The ability to write out in 
clear language the substance of a passage of 
English prose read ouA by the examiner. 
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Map Reading. A knowledge of the four 
cardinal and the four intermediate points of the 
compass ; a knowledge of plain scales sufficient 
to measure distances on a map ; a knowledge of 
the meaning of contour lines and coloured shad- 
ings on maps ; and ability to draw the con- 
ventional signs used in field sketching. 

English History. From the year 1688, and 
a campaign or a biography. 

Geography. Including a general knowledge 
of the size and position of the continents, 
oceans, and the countries of the world ; detailed 
knowledge of the British Empire ; a general 
knowledge of the movements of the earth, the 
variations of time, season, and climate. 

A soldier holding a first-class certificate 
can be examined, at his desire, in any foreign 
language, in shorthand, or in typewriting (thes<* 
two last being particularly useful to those engaged 
in clerical work), or in any of the following 
military subjects: (1) Military engineering, 
tactics, and topography ; (2) military law ; (3) 
administration, organisation, and equipment ; 
(4) military history. The holding of the certi- 
ficate is valuable, not only for the increase of 
pay which it carries, but also as a proof to his 
superior officers that he intends to succeed in 
his profession. For promotion to warrant rank 
it is essential. 

Quartermasters. A post much sought 
after is that of quartermaster, which carries 
with it the rank of honorary lieutenant. To 
attain this the soldier must have branched of! 
earlier in his career and have had something to 
do with the quartermaster’s department — have 
become in time quartermaster-sergeant. Then, 
if he holds a first-class certificate and is not 
over forty years of age, his colonel may recom- 
mend him, on the occurrence of a vacancy, for 
quartermaster. In the Cavalry the post of 
ridingmaster bears an honorary commission 
and is obtained by corporals and sergeants after 
a course at Canterbury. 

Another post of honour is that of sergeant 
major. Our sergeant haviiig been promoted to 
colour-sergeant, or its equivalent, must then 
wait with what patience he can for promotion, 
which, other things being equal, goes by seniority 
among the senior N.C.O.’s. To a good many 
men this appointment is the summit of their 
ambition, and they are content to serve on as 
warrant officers to complete their twenty-ono 
years for a pension. To a few of those who 
desire it, comes the appointment of quarter- 
master, carrying with it the rank of honorary 
lieutenant. 

Technical Branches* Of the technical 
branches the Royal Engineers is the most 
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popular. Men of the following trades are en- 
liHtod as sappers, and approximate in rank 
to infantry privates : Balloonists, blacksmiths, 
boatbuilders, boatmen, boilermakers, brick- 
layers, cabinetmakers, carpenters, coppersmiths, 
coopers, divers, electricians, engine drivers and 
makers, farriers and shoeingsmiths, litters, 
gaslitters, harness makers, instrument repairers, 
joiners, masons, metal turners, moulders, painters, 
paperhangers, pattern makers, plasterers, plum- 
bers, riveters, sawyers, shipwrights, slaters, 
tinsmiths, wheelwrights, whitesmiths, wood 
turners, and a few men of other trades such as 
architects, cl(‘rks, photographers, printers, tailors, 
telegraphists. Any man who is a good crafts- 
man in these trades will find a niclie in tho 
Engineers. A few drivers are also required. 
Ti'legraphists and men conversant with railway 
work are welcom<*d in tho Reserve. 

Before hewing accepted the recruit has to 
»atisfy the authorities that he is a good work- 
man. This may be done cither by producing 
a ccrtiticat(* from his employer or by trial in a 
military workshop. Men are rated and paid 
iwcording to their ability's, and tliose whosci 
trade qualifications do not come up to standaid 
are classed as “ labourers.” On improvement 
they arc promoted to a higher class of pay. 

Pay for Engineers. It may b<‘ well to 
htate briefly tho system of payment in the 
Engineers. There are S(‘ven rates of Engine(‘r 
pay, as follows : 



s. 

d. 

Ist Rate 

2 

0 per day 

2nd „ 

1 

s „ 

3rd 

1 

4 

4th 

1 

0 

5th 

0 

8 

fith 

0 

fl 

7th 

0 

4 


Every recruit on being ebsmissed from in- 
struction in field works, or whatever branch of the 
Service he may be attached to, begins to (*arn 
Engineer pay at one of these rates in addition 
to his daily pay. Before he can be promoted 
the Engineer must be proficient at his trade, 
whether it be liridging, survey, telegraphy, or 
what not. He will find in this self contained 
corps instructors of all sorts to assist him, and 
the smart man is soon picked out for promotion 
to acting corporal. From acting corporal 
he rises through second corporal to corporal, 
just as does the infantryman, and his work will 
increase in importance and interest as he g«x‘b 
on : till, on jiassing the educational examination 
outlined previously, and on giving proof of 
efficiency in his trade he reaches the rank first 
of sergeant, then of company sergeant-major, 
or of quartermaster-sergeant. He will find as he 
gets on that there are billets for warrant officers, 
such as instructorships at the depots, on the 
htaffs of the regimental districts, and at the 
Record and Survey Department at the War 
Office, at home and abroad, that carry with 
them excellent pay. At the end of his service, 
too, he is nearly sure of obtaining employment 
in a civilian capacity, thanks to the admirable 
training he has received in the corps. 


Army Service Corps. Tho Army Servi(‘o 
Corps is another skilled corps to which tradwinen 
will naturally turn. Its duties are tho supply of 
tho Army with necessaries, and it therefore in- 
vites worknum belonging to the following trades : 
Bakers and confectioners, butchers, carpenters, 
clerks, coopers, farriers, saddlers and collar and 
harness makers, shoeing and jobbing smiths, 
tailors, engine drivers and makers, iittt‘rs, 
gasfittors, metal turners, moulders, plumb(‘rs, 
riveters, metal shipwrights, tinsmiths, and 
whitesmiths. When the men are accepted they 
must show' their knowledges of their trade, ani 
when they have completed their military training 
they arc (smployed at th(*ir special trade as far 
as possible. Promotion is rapid, owing to tho 
largo proportion of N.(U).’s required for respon- 
sible positions in the corps, and at tlic end of 
their period of service* (*mployment isgcn(*rally 
not far to seek. 

Army Ordnance Corps. In the Army 
Ordnance (^orps th(*re are wanted carriage 
biniths, clerks, collar makers, coopers, titters, 
labourers, saddlers, sail makers, smiths, and 
w'h(H‘h‘rs. AfU'r three months’ drill and 
instruction thosc^ who pass the trade test an* 
employed at their particular calling. The 
corps is a small one, whose duties are l lie pro- 
vision of arms and ammunition, equipment, 
stores for harrackf-, etc , and the repair of articl(‘s 
r<*iurned to store*. Since over 40 per cent, arc* 
warrant or non-eommissionod officers, it will 
be* seen that the* ojiport unities to the skilled man 
arc very great. The* armourc*!* Hc*eti()n forms 
a notable feature ot tlu^ corps. To enter it 
a man musi be a qualified gunsmith, and after 
undergoing a eourso at the small arms tactory 
he is jiromotedat a bound to armourer-sergc*ant, 
and generally attiu’hed to a body of troops to t akc 
charge of the arms and th(*ir repair. The 
moc'hinery artificer section consists of qualified 
titt(*rs and watchmakers, whose* duties are the* 
examination and repair of gun mountings and 
instruments. (’aiididates for this section on 
giving proof of thc*ir expertness are promoted 
immediately on enliHtmc*nt. 

There is no prospect of rising h(*yond the rank 
of w^arrant offic^ei*, but the jiay of the* coips 
is so good that it attracts many skilled men 
who prefer the* certainty of the* Army to thc^ 
uncertainties of civil life*. 

Medical Corps. The Royal Army Medical 
Corps IB for the care of the wounded in tho 
field and for the care of the* sick in jioace 
time. For men wdio have* a liking for the 
work therc5 are good openings, inasmuch os 
there is a very large proportion of N.f’.O.’s 
to privates — about one in tour. After being 
dismissed from the preliminary instruction 
recruits are posted to the various branches of 
the corps — to the nursing, clerical, cooking, or 
general staff, where they learn tho duties they 
will have to carry out in tho field. In addition 
to the regimental pay there is coros pay, 
corresponding to the “ Engineer pay.” On being 
reported qualified in their duties recruits begin 
to draw their corps pay, ranging from 5th rate 
for third-class orderlies of the nursing sec'tion 
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and privates of the general duty section (4d. 
per day) to Ist rate for sergeants and lance- 
sergeants of the nursing and cooking sections 
(Is. per day). The work in peace time is light 
but unexciting, and since promotion is rapid, 
there is a steady flow of recruits to the corps. 
On retirement there is a good chance of obtaining 
employment in hospitals, asylums, prisons, and 
other public institutions. There is, however, 
no chance of rising above warrant rank. The 
regimental pay is slightly better than that of 
the Infantry of the Line, ranging from Is. 2d. 
per day for a private on enlistment to 28. 8d. 
per day for a sergeant. Quartermaster-sergeants 
get 4s. 6d. per day. 

Boys. A small number of boys arc required 
in the Army for service as buglers, trumpeters, 
drummers or musicians. They must be between 
14 and 16 (unless from the Gordon Boys’ Home, 
whore they have been trained as musicians or 
in some trade ; or boys for the Royal Artillery, 
when the age limit is extended to 17), and the 
consent of a parent or guardian is necessary. 
At the age of 18 they become available for 
service in the ranks, and proce(‘d as do other 
soldiers. 

Discharge and Pensions. Should a 
soldier within three months of his joining th(‘ 
Array desire to leave the Army, he may pur- 
chase his discharge for a pa3rment of £10. 
After that time it will cost him £18. Should 
he have served three years and have been trans- 
ferred to the Army Reserve th(i sum increases 
to £25. 

At the end of 12 years’ service with the Army 
and the Reserve a man is given a free discharge 
with a gratuity of £1 for every year served, with 
a maximum gratuity of £12. But the soldier 
whom we have been advising will re-engage 
after 12 years for another nine years to com- 
plete his time for a pension, and on leaving he 
receives a pension according to his rank and 
the length of time he held it before discharge. 
Warrant ofiicers and non-commissioned officers 
are divided into classes according to the time 
served in their rank and their qualifleations : 
Warrant officers, Ss. to 5s. a day ; non-com- 
missioned officers. Is. 3d. to 3 b. Cd. per day ; 
and privates, 8d. to Is. 6d. per day. Service 
beyond 21 years brings with it Id. a day for 
the higher classc^s and ^d. a day for the lower 
classes, with a maximum addition of 9d. and 5d. 


respectively. For wounds or injuries contracted 
in the country’s service pensions are given on 
the man’s discharge, varying between 6d. and 
3 b. 6d. a day, according to rank and the extent 
of the injury. Good conduct medals carry 
with them a gratuity of £5 on discharge, and 
the Victoria Cross a pension of £10 a year. An 
important question before a man nearing the 
end of his service is : “ What can I do when I 
return to civil life ? ” For a really good man 
who has been popular with his officers there iu 
often some position of trust to be obtained by 
his commanding officer’s influence. Should this 
privileged avenue fail, Government employment 
is offered to discharged soldiers in the Post 
Office, the Royal Arsenal, Army Clothing and 
other Government departments. The police 
force, the Commissionaires, and the staff of 
Pork Rangers are also favourite outlets for 
ex -soldiers. There is a National Association for 
the Emplo 3 mient of Reserve and Discharged 
Soldiers, where men may register their names 
for civil employment, and it is evident that the 
matter will shortly be taken in hand by the 
Government by teaching men a useful trade 
during their period of service in the Army, and 
by ear-marking certain Government appoint- 
ments for ex-soldiers and sailors. In any case 
a thrifty man should be able to save, alter he 
begins to.draw service pay, not less than 6s. a 
M^cek, which, with interest at the rate of 2J per 
cent., will amount at the end of his 21 years to 
nearly £400 — a very useful asset with which to 
purchase a business or set himself up in trade. 

Pensions for Widows, Lastly, pensions 
are granted to widows and children of 
N.C.O.’s and men who have died of wounds 
or injuries received in the execution of their 
duty. These vary between 5s. and 10s. a 
week for the wife, and Is. Od. to 2b. for each 
child, according to the rank of the husband. 
For the orphans of soldiers and a few other 
deserving cases there exist the Duke of York’s 
Military School and the Royal Hibernian Military 
School, where boys arc educated free of charge. 
The future of these boys is provided for by the 
authorities, who at the expiration of their school 
life will either apprentice them to trades or 
allow them to join the Army. Among the 
best men in the Army are to be found 
boys who were brought up at these admirable 
institutions. 
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By Professor JAMES LONG 


article of food has been subjected to so 
much criticism or to such searching examin- 
ation as milk ; and yet we have much more to 
learn about it» especially as to its behaviour in 
relation to fermentation, to the manufacture 
of cheese and butter, and to digestibility. 
Although a fluid, it contains food in the form of 
fat, which is the chief constituent of butter, 
sugar, casein (a most important albuminoid), 
and various mineral matters. Its average 
composition is as follows : 


Constituent. 

Average 

Quality. 

Low 

Quality. 

High 

Quality. 

•Fat 

3 35 

2*60 

6*9.1 

Casein and Albumin 

3*45 

3*04 

3*48 

Hugar 

4 s:j 

4‘(H) 

5*02 

Mineral matter . 

*72 

•66 

•72 

Water 

87 65 

88* SO 

83*87 


100* 00 

100*00 

100*00 


* This and Hubeequent tables are from ** Elements of 
Dairy Farming.” by James liOnK* 


If, how'ever, wo take the estimates and 
average analyses of various British and foreign 
authorities, the average fat percentage reaches 
3*7, and the solids other than fat, 9 per cent. 

Colour. Milk varies in coUmr in accordance 
with the breed or individuality of the cows 
producing it. The Jerseys and Guernseys of 
the Channel Islands, the South Devon cows, 
and cattle of similar types in France and 
Denmark produce milk of richer colour than the 
majority of native breeds, this colour being di^e 
to the globules of fat which are held in suspen- 
sion, and which, when removed, leave the fluid 
white. If, however, the casein or curdy matter 
be also removed, as in the cheese dairy, the whey, 
which is the liquid remaining, is of a greenish 
yellow colour, containing nothing but sugar and 
the mineral matter. 

Solids. The solid matter in milk is held 
partly in suspension and partly in solution, 
the proportions, as defined by the eminent 
French chemist Duclaux, being as follow in 
milk of very poor quality ; 


Solids. 

Ill Suspension. 

In Solution. 

Fat 

Per cent. 
2*75 

Per cent. 

Sugar 

— 

5*38 

•Casein (and albumin) 

2*72 

•56 

Phospliate of Lime . . 

•21 

•14 

Soluble Salts . . . . 

— 

•36 


* Duclaux includes all nltrogennus matter under this 
term. 


We have stated that the colour of milk 
varies with the breed; the remark equally 
appUes to its quality. It varies also in ac- 


time which divides each milking, with the date 
which has elapsed since the cow calved, with 
tha condition of her health, and whether or not 
she be in a state of excitement. The first milk 
drawn, too, is much poorer in quality than the 
last milk, hence the importance of thoroughness 
in milking. It is for this reason that the owners 
of many herds cause each eow to be stripped 
after the milker has completed his work, thus : 



Fat. 

Solids. 

Water. 


Per cent. 
1*82 
0*63 
1*22 
8*48 < 

Per cent. 
11*83 
19*18 
10*82 

1 17*24 

Per cent. 
88*17 
80*82 
80*18 
82-76 


Coloatrum. Wliatever may be the quality 
of the milk of the individual cow, or the difference 
between the various cows in a herd, the com- 
position of the milk of mixed herds is very 
similar, owing to the fact that the milk of each 
cow is mixed before it is despatched to the 
purchaser. The first milk yielded by a cow 
after she has produced her calf, and known as 
colostruMf is poor in fat but extremely rich in 
casein and albumin, ''which is present in all 
milk but usually included under the term casein. 

COMPOSITION OP C0L08T11UM (WARINOTON) 

Per cent. 


Water 71*7 

Fat 84 

Casein and other albuminoids .. .. 20 '7 

Sugar 3*2 

Mineral matter 11 


100*1 

Morning and Evening Milk Com« 
pared. As the cow, however, progresses and 
becomes stale — ^namely, as she approaches the 
time of drying-— her yield diminishes in quantity 
but sensibly increases in quality. It is believed, 
too, that with the increase in ago, especially 
after a cow has reached six years, her milk 
increases m quality, but facts do not fully 
warrant any statement being made as to its 
general application. When a cow is milked 
every twelve hours the milk she produces is 
practically identical in quality ; but whore the 
afternoon or evening milking is — as is the case 
in this country— from seven to nine hours after 
the morning milking, the quality is sensibly 
increased in the evening, and as sensibly di- 
minished in the morning. The evening milk 
i^ therefore, weight for weight, much more 
valuable than the morning milk. 

Influence of Food. The influence of 
food on the qualiW and value of milk is not 
fully recognis^. ftoduoers, as a rule, believe 
that they can improve the fat contents by high 
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while it is distinctly in of^position t6 Acientifio 
teaching. Farmers have observed that in 
changl^ a herd from one pasture to another 
there is an almost immediate and beneficial 
result. But that result is chiefly in the direction 
of an increased quantity, and the reason is 
obvious: the cows are removed from grass 
which has been practically eaten close to the 
soil on to a field which is fresh, sweet, and 
perhaps canying abundant herbage. 

Value of Freeh Paetu|*ee« Apart from 
this, however, the mere change from a stale 
to a fresh pasture encourages secretion. And 
so it is, where the cows are stalled, when 
they receive an increase in their ration of cake, 
meal, grains, bran, or some similarly palatable 
food. When a cow is receiving a full ration — 
that is, as much as she can properly assimilate — 
no addition, either of quantity or quality of 
food, will enable her to produce milk of superior 
quality ; but when she is under-fed there is 
every reason to believe that any addition to 
her ration is followed not only by an increase 
in the quantity but an increase in the quality. 

Again, it is obvious that much depends on 
the health of the cow. If her system. be dis- 
turbed, not only is the quantity diminished,, 
but the quality suffers, and so far as has been 
observed a diminution in quantity means a 
diminution in the fat percentage. The following 
instances of two cows suffering from pleuro-, 
pneumonia may be quoted to emphasis mis : 



Per cent. 

Per cent. 


Water . . . . 

.. 89 60 

80*18 


Fat 

.. 1*18 

1*30 


Sugar . . . . 

.. 4*40 

4*60 


Casein 

.. 4*16 

4 38 


Mineral matter 

0 66 

0*64 



100 00 

ioo;oo 

* 


Cooling and Aerating. It is important 
that milk should be aerated, and if intended 
for sale, cooled as soon as it is drawn. The 
modern system of cooling, by means of either 
the horizontal or the lenliciuar cooler, figured 
and described in the next lesson, provides 
complete aeration by which the cow-like odour 
of the milk is removed. Where milk is 
placed in a vessel, and especially if it be 
covered with a lid, without cooling or e^erating, 
its disagreeable odour is largely retained. The 
exposure of milk to any pungent smell should 
always be avoided, as it possesses a property 
of absorption which may render it almost unfit 
for use, or even for conversion into butter. 

Specific Gravity. The density or 
specific gravity of milk varies in accordance 
with its quality ; but to ascertain its density 
by direct weighing is impossible except in 
skilled hands and by the aid of the delicate 
instruments of the laboratory. Specific gravity 
is taken for all ordinary purposes by the aid of an 
instrument known as the lacUmeter, but it is im- 
portant that the temperature should be observed, 
inasmuch as milk expands with heat. A gallon of 
pure water weighs 10 lb. at 60 degrees F., 
when the barometer stands at 90 in. Under 
similar conditions milk may weigh from 1C*27 
to 10*34 lb. per gallon, its specific gravity, by 
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altering the decimal point, thus being l'*027 to 
1*034, figures 'vdiioh may be regarded as the 
limits. Although it is quite possible that 
while pure milk may possess a density repre- 
sented by either of these extremes, yet the 
probability is that it is watered or skimmed. 
Obviously the fat globules of milk arc lighter 
than the water of milk which, as we have seen, 
forms some 87*5 per cent, of its comxK>sition ; 
but the remaining constituents — the minerals, 
the casein and the sugar — are heavier. If, 
therefore, we remove the cream, which contains 
practically all the fat, the density of the milk is 
raised ; whereas, if we add cream to pure milk 
it is reduced. The reason why milk is slightly 
heavier than water is due to the fact that the 
sugar, csisein and mineral matter, owing to 
their larger quantity, influence it more than 
the fat. Again, if water be added to milk, its 
specific gravity is, reduced; thus, milk with a 
low specific gravity is usually regarded as watered 
milk. If we take a pure sample and assume 
that its specific grCiVity is 1*031, the figure 
will be incree.3ed by the removal of the cream. 
If we odd 10 per cent, of water, the density 
will be reduced to 1*029, and still further 
reduced point by point until, when 50 per cent, 
of water id adde^ its density stands at 1*016. 

Tenting for Adulteration. One of the 

common practices of the day is the addition 
of separated : or skimmed milk to new or 
whole milk. As by the Government standard 
m^k c^ered ifor sale must contain 3 per cent, 
of fat, it follows "that a vendor can dilute a 
rich sample — one which, for example, contains 
3*7 per-cent, of fat — with separated milk and 
still remain on the right side of the law, although 
the practice, if known, would subject him to 
prosecution. If we assume that pure milk of 
good quality varies from 1*029 to 1*032, neither 
of which figures are extreme, there is reason to 
suspect its purity if it falls below the former 
or is raised higher than the latter figure. A 
high specific gravity — 1*034, for example — sug- 
gests the addition of separated milk. It is 
important in testing with the lactometer to 
obtain a table which is frequently sold with 
the instrument in order that whatever its tem- 
perature when tested, its actual specific gravity 
may be recognised by reference to the figures. 
Just as milk expands with a rising temperature, 
so it contracts as the temperature falls ; but 
this contraction ceases at about 4° C., below 
which expansion again begins. 

The German expert fleischman has shown 
how the constituents of milk are divided in the 
process of butter and cheese making. His figures 
are extremely valuable and are as follows : 


Substance. 

Water. 

Fat. 

1 Casein, 
etc. 

Sugar 

Ash. 

Whey . . 

78*0 

8*2 

22*3 

76*6 

60*3 

Buttermilk 

14*0 

2*8 

13*8 

11*2 

12*6 

Skim Chee*e . . 

3 6 

11*6 

61*6 

4*2 

26*7 

Butter 

*6 

81*5 

*6 

*2 

*6, 

The Loss 

2*0 

1*6 

1*8 

7*8 

— , 


100 

100 

too 

100 

100 
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It should be pointed out, however, that in the 
manufacture of skim cheese a larger quantity 
of fat is left in the skimmed milk than under 
other conditions. 

The Fat in Milk. If a drop of milk 
be placed beneath the microscope, the field will 
be covered with a large number of tiny globules 
somewhat evenly distributed, although some- 
what irregular in size, especially in the milk 
of Channel Islands cattle. A drop of the last 
milk ^awn from the cow at milking time will 
contain a much larger number of these globules 
than a drop of the first, or /ore milk, while the 
latter will contain still more than are seen to be 
present in a drop of skimmed milk. Fat globules 
of average size measure about of an inch 
in diameter, but the largest globules are about 
smallest of an inch The 

number of globules present in a cubic millimetre 
inch) has l)een estimated at from 
a million to millions. The fat of milk, which 


to that imitation in this particular aspect. Agree- 
able as milk fat is to the palate, its odour 
and flavour are r^idly changed by exposure 
to light and air. Ijiis change is believed to bo 
due to the decomposition of the glycerides of 
the volatile fatty acids, which is retarded 
by the aid of salt and various chemical preserva- 
tives — ^which, however, should never be used. 
Decomposition is retarded by the skilful removal 
of all foreign matter in the manufacture of 
butter, especially of the sugar and casein, which, 
present in the cream, find their way into im- 
perfectly made butter. 

The Sugar of Milk. This is one of its 

most constant solids, and the one which, in the 
process of cheosemaking almost entirely remains 
in the whey. It is composed of carbon and the 
elements of water as follows : 


Carbon .. .. 40 00 

Hydrogen . . . . fl SO 

Ovygon 63 34 



18 represented by these globules, chiefly consists 
of olein, stearin, palmittn, hviyrin, caproin, and 
caprylin, palmitin and 
stearin being regarded as 
solid fats, and the remainder 
as liquid fats or oils. Tho# 
constituents butyrin, cap- 
roin, and caprylin in their 
corresponding form of fatty 
acids are volatile. If we 
take the average size of the 
fat globule of the Guernsey 
and Jersey cow at 100, and 
its diameter at of an 
inch, the size of the globule 
in other milks will be* found 
to vary from 1 10 to 133, and 
the diameter from 

“SiM and Number 
of Globules of Fat. 

In an investigation in which 
the milk of 15 cows of six 
ditterent breeds was sub* 17 MILK 


Sugar of milk 
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Total 100-00 

does not ferment so easily as 
cane sugar. It can bo ob- 
tained from milk by the 
evaporation of tho fluid in 
which it is in solution after 
tho extraction of tho casein 
and fat. In its pure state 
it keeps well, and is soluble 
in hot water or in five to six 
parts of cold water. [See 
the lessons on Sugar m Food 
Supply.] 

The Casein of Milk. 

Tho albuminoid matter of 
milk, which includes al- 
bumin, is usually described 
by this term. The follow- 
ing figures roprt^sont tho 
composition of casein : 
Carbon 63-83 

Oxygen . . . . 22 62 

HydroKJMi . .. 7 J6 

Nitrogen .. .. 16 66 

Sulphur . ... A trace 


mitted to 150 examinations 
it was found that the number of globules of fat 
produced by the average animal was about 
136,000,000 per second. The size of tho 
globule exerts an important influence on the 
success of a butter dairy. The larger the 
globule the quicker it rises to the surface 
where milk is set for cream, while the smaller 


Although casein can bo pre- 
cipitated by various acids, including the lactic 
acid of milk itself, which causes spontaneous 
coagulation or curdling, it is in the process of 
cheesomaking coagulated by rennet, to which 
reference is made in a subsequent lesson. Casein 
is one of the three important constituents of 
cheese, of which it forms about one-third. It 


the globule the longer the delay, and there- 
fore the greater tho difficulty in reaching tho 
surface — a difficulty which Ijecomes impossible 
when, owing to such delay in w-arm weather, 
acidity commences, the milk is coagulated, and 
the passage upwards blocked. The fats of which 
the globule is composed are in no case constant 
in quantity— especially varying with the tem- 
perature and probably with the food consumed. 
In winter the solid fats are larger in proportion, 
and the food smaller, while the volatile fatty 
acids firequontly vary as winter approaches 
to such an extent that pure butter has, upon 
analysis, frequently been condemned as mar- 
garine owing to the similarity in its composition 


is present in cream in small quantities, but should 
be entirely absent from butter, in which, as it 
decomposes, it causes a disagreeable flavour and 
odour. The albumin of milk, unlike the casein, 
is not precipitated by rennet, but by heat ; 
hence the practice of many cheesemakers of 
cmking the curd, as it is termed — that is, heating 
it to an unusually high temperature. The 
albumin of milk is lielieved to form about one- 
sixth part of its albuminoid matter. 

The Mineral Matter or Aah of Milk. 
This is utilised in the animal economy in 
building up the body and other structures 
of the body of which minerals form part. It 
is extracted from the soil by plants, and 
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conveyed by them in the form of food to the cow. 
Average milk contains about 0*7 per cent, of 
mineral matter^ usually described as ash, for 
the reason that when the solid matter of milk 
is burnt the minerals remain in that form. 
The chief mineral constituents of milk are potaah, 
lime, phoaphoric anhydride^ which forms about 
one-third of its total weight, chlorine^ aoda^ and 
magnesia, Where milk is sold the loss of fertile 
matter to the soil from which the cows are fed 
in the course of a year is considerable, owing to 
the removal of the nitrogen in the casein, and 
the potash and phosphate of lime in the ash. 
These three materials, as we have shown in 
dealing with the science of manuring [pages 
433-4], form the three cardinal constituents of the 
soil, and those which are essential for the ^owth 
of crops. Where, however, cows are fed upon 
purchased cake or corn, and especially where, 
in addition, artificial manures are employed, the 
loss through the medium of the milk may be 
ignored, timt loss being variously placed at 
£om 20s. to 258. per cow per annum. 

Bacteria in Milk. The maintenance of 
the sweetness of milk is almost as important as 
its purity. Milk changes with ^eat rapidity 
during hot weather, and at all times acidity is 
induced by the presence of organisms known as 
heuAsria. The organism chiefly concerned in 
the production of acidity in milk is known as 
Bacterium lactist which is chiefly derived from air, 
and which is abundant in dairies, milk shops, 
cow-houses, and other apartments in which nuU& 
is produced or handled. The organism chiefly 
feeds upon the albuminoids of mUk, and by its 
action converts the sugar of milk into lactic 
acid. The lactic bacterium, however, is not the 
only organism found in milk ; there are others 
which are equally responsible for fermentation or 
chemical changes, not only in the milk itself 
but in the butter and cheese produced from it, 
and among these may be mentioned the butyric 
ferment {Bacillus hvtyricus) which is the cause of 
rancidity in butter. Other forms of bacteria are 
occasionally found, including the organisms 
responsible for tuberculosis and other serious 
diseases ; but where ordinary care is taken, or 
where milk is boiled or sterilised, the presence 
of these germs need not be feared. 

Why Cheese Ripens. Milk also con- 
tains a variety of imorganised ferments, 
some of which are responsible for the ripening 
and flavour of cheese, and of moulds. Among 
the former mi^ be mentioned galactose, an 
enzyme and (ugestive ferment, which was 
discovered by Drs. Badcock and Russell, said to 
resemble a secretion of the pancreas of animals. 
To this enzyme the discoverers largely attribute 
the ripening of cheese, which they contend may 
now be cured by its aid at a low temperature, 
thus rendering the old-fashioned cheese-rooms 
and the maintenance of a high temperature 
unnecessary. In Great Britain, however, the 
old system is still in force, and is likely to remain 
so until more is known of the new (ikeovery. 

Multiplication of Bacteria, The 
bacteria of which we have spoken are single- 
celled members of the vegetame world, seldom 
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exceeding 10 /t. == *001 millimetre in dia- 

meter). The multiplication of these organisms 
is extraordinarily rapid ; in a humid atmosphere, 
and at a temperature of from 86^* F. to 104^ F., 
the cells divide in from 15 minutes to an hour, so 
that at the latter temperature a single cell may 
become millions in a day of 24 hours. Before 
its extraction from the udder of the cow, milk is 
germ free, but immediately it is exposed to the 
atmosphere it is attacked by bactena, especially 
in the cattle-house, where they abound — Whence 
the importance of milking, if possible, in the 
open air. Harwood records that in a test made 
at the Maryland Station 7,000 bacteria were 
found in a cubic centimetre of milk (about a 
quarter of a spoonful) ; while after standing in 
water for 15 hours at 60° F., 2^ millions were 
found. When 24 hours had elapsed, the number 
had reached 69 millions, while at the end of 
39 hours there were no less than 300 millions. 

Bacteria are Good Servants but 
Bad Masters. Although there are bacteria 
which are useful to man, it is incontestable that 
where, owing to imperfect conditions, these in- 
crease rapidly, they become extremely deleterious 
. in their turn, and render milk unfit for food. 
When the temperature of milk is reduced, the 
f rapidity of reproduction diminishes, and it is 
for^his reason that dairymen require the farmer 
^ to cool the milk down to 60° F., when reproduc- 
tion is practically checked, to be increased, how- 
ever ,Jiiimediately the temperature rises. Facts 
shhflar to those recorded by Harwood have been 
laid down by experimenters like Knopf, Miguel, 
and Freudenreich, in whose laboratory in Berne 
iee haVe been enabled to see something of this 
particular work. The researches of Dr. Newman, 
who has repeatedly taken samples in London 
boroughs, many of which were unfit for human 
food, entirely confirm the results in the labora- 
tory. When milk is coagulated, the growth of 
bacteria is checked ; this is believed to be in 
large measme owing to the acid which they 
produce — in a word, their multiplication is 
stopped by the accumulation of the products of 
their own growth. While bacteria are harmful 
when allowed to obtain the mastery, they are the 
valued servants of the butter and cheese maker 
who keeps them under control. 

Sterilisation. The lactic bacterium is 
from 1 *3 /i. to 1 *6 ft in width, while in length it is 
about times its breadth. It is destroyed 
when the milk is boiled, but its spores or se^, 
which are believed to resist heat up to 246° F., 
are practically killed when submitted to boiling 
point for half an hour. This, at all events, 
appears to be the result of the practice called 
milk sterilisation. Lister has demonstrated that 
where sterile milk is drawn from the cow into a 
sterilised bottle, and contact with air prevented, 
and if the bottle be hermetically sealed, it will 
keep. Milk, however, is now in daily practice 
sterilised by submission to heat at 212° F. for 
half an hour. The milk is first cleaned in the 
centrifugal separator, from which the cream tube 
is removed ; as it revolves, the dirt, the bacteria 
and other impurities are thrown to the sides 
of the vessel, where they form a somewhat 



disgustins scum. It is subsequently passed into 
bottles^ placed in the steriliser, with the stoppers 
loose, submitted to the required heat, when the 
stoppers are closed by a gloved hand in the live 
steam, so that the entrance of fresh germs from 
the air is prevented [17]. Milk prepared in this 
way may be delivered to customers by the dozen, 
or by a week’s or fortnight’s supply according 
to arrangement. 

Pasteurisation. Pasteurisation [18] differs 
from sterilisation inasmuch as the milk is sub- 
mitted to a lower temperature— 176° F.— by 
which the bacteria are destroyed but not the 
spores. Coagulation of milk does not take place 
until from 7 per cent, to 8 per cent, of lactic acid 
has been produced. If before this quantity l)e 
present the acid is neutralised by the addition 
of an alkali, coagulation is postponed ; but 
neither alkaline nor other so-callcd milk pre- 
servatives should in any case be used. Although 
the opinions of expi^rts differ as to the influence 
of those materials, the majority of medical 
opinions is to the effect that they are 
deleterious to health, and especially to 
children and invalids. Pas- 
teurised milk will keep longer 
than l aw milk. When Fjord 
heated separated milk (a por- 
tion of which was boiled 
month of June after seven 
of exposure) to 158° F., subsequently 
cooling it slowly, it boiled after 15 
hours’ exposure ; when suddenly 
cooled to 77° F., it kept for 35 hours. 

In factork'S, the separated milk, after 
skimming, is Pasteurised, and sub- 
sequently cooled to 50° F., with 
such results that farmers are able 
to take it home for use, and whole- 
sale buyers to place it on the market. 

If the lactic fermentation of 
milk be permitted to continue, 

Imtyric acid is form<5d [see Chemis- 
try, page 3273], Lactic acid, into 
which the sugar of milk is 
changed during fermentation, 
and as the result of the activity of the lactic 
bacteria, is composed of the same elements as 
the sugar itself, but the value of the milk as 
a food is entirely changed. 

Cream. Cream is a milk product which 
possesses no definite standard. It may be thin 
or thick when removed from the milk ; its thick- 
ness depends partly upon temfierature, partly 
upon the presence of acid, and partly ujion the 
quality of the milk and the system of skimming 
or setting adopted. By the aid of the separator, 
it can be removed as thin cream — which means 
that it contains more of the milk serum. If 
set at a low temperature, and if the milk be 
cooled before it is set, the cream will be thin. 
Cream cooled on ice, or slightly heated, will 
become thicker. In the latter case its apparently 
more substantial character is owing to the pre- 
sence of acid and the slight coagulation of the 
casein. Very rich cream may contain only one- 
third of its weight of water, while very thin 
cream may contain two-thirds. 
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Dewonshire Cream. Clotted cream, as 
made in the West of England, contains some 
60 per cent, of fat and 33 per cent, of water, 
with approximately 5 per cent, of casein. 
Commercial cream is frequently preserved bv 
the aid of chemical preservatives, for which 
reason it is a less desirable food. If milk be set 
in open vessels with a depth of 5 in. to 6 in. for 
12 to 24 hours for the cream to rise, and the 
whole bo then scalded to 170° F., there is slight 
coagulation — in such a case the cream becomes 
clotted. In this form it is not only highly 
appreciated on the table, but keeps longer. 
The remark applies equally to the milk serum 
remaining, and to the butter produced from the 
cream itself. 

The Separator. If cream of 10 per 
cent, quality be removed by separation, that 
quality should be high. At wholesale price, 100 
lb. of milk, or 10 gallons, would cost during the 
nix months April to October, 6s. 3d. ; so that 
one gallon of cream costs Is. 6}d. per quart 
plus the cost of separation. Such 
cream, however, is commonly sold by 
retailers at 4s. a quart, or 6d. a re- 
puted quarter pint jar, which is equal 
to 4s. a reputed quart. Naturally, 
thick cream is frequently purchased, 
however, and thinned by the addition 
of milk before retailing. Where cream 
is removed by the separator, the 
quantity of fat left in the milk seldom 
exceeds 0*2 per cent. ; but where it is 
skimmed from the milk which has 
l)eon set in open vessels the fat re- 
maining may reach one third of its 
total contents. 

Why Cream RIsea. The rising 
of cream is due to its lower density, 
that density varying from 1*000 to 
1*016, so that, while it is lighter 
than milk, it is heavier than water. 
The practice of estimating the quality 
ot milk by the aid of a creamometcr is 
fallacious; this is owing in part to 
the temperature of the atmosphere, 
and in part to the individuality of the cows pro- 
ducing it. A tube in which milk is set may throw 
up cream of a high percentage, while the milk 
itself may Ik* actually poor in fat. On the other 
hand, the percentage of cream may be low, and 
the fat yield high. Many examples may bo 
taken from tests in the Government laWa- 
tories, and in our own practice, but we 
select two ; in one case the cream per- 
centage was 17 ‘5, and the fat percentage only 
2*5 ; in another the cream percentage was 
4*5, and the fat percentage 4*57. Cream may 
be pasteurised for the improvement of its keep- 
ing properties, or it may lie separated for the 
improvement of its quality. 

Separated or SKImmed MilK. Sep- 
arated or skimmed milk is that from which the 
cream has been removed, the first-named by the 
machine, the second bv hand skimming. Its 
food value is practically maintained as equal 
to full milk by the addition of diffestible fats or 
oils equivalent to the fat removea in the cream. 
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Bkimmed milk of average quality is composed 



Per cent. 

Water 


Fat 

* 76 

Casein 

8* 60 

Sugar 

Ash 

4-86 

*80 


100- 00 


The density of skimmed milk varies between 
1*033 and 1*037. If 10 per cent of water be added 
the gravity is reduced to 1*032, so that it then 
compares on this basis very closely with full 
milk. Separated milk possesses a slightly higher 
specific gravity than whole milk, containing as 
we have seen less fat. If skilfully mixed with 
rich full milk of low specific gravity it may be 
passed for whole milk without detection. 

Butter Mil K. Butter milk is the by-product 
left after churning cream or milk from which 
butter fat has been removed. The quantity of 
butter milk produced depends upon the quality 
of the cream. As cream is churned in a 
mature, ripe or acid condition, buttermilk 
is acid, but it is a sound and wholesome 
food. The composition of an average 
sample is as follows : 


Water 
Fat 
OaKcin 
Husar . . 
Ash 


Per cent. 
91-2 
•6 

3 5 

4 0 
7 


100 * 0 


Whey. Whey is the 
product of cheese-making. 
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liquid by- 
In skilful 

Lands it contains but little fat, although 

large cheesemakers remove this fat by 19 orbamo- rapidity, 

skimming for the manufacture of whey * 
butter. Whey, however, is chiefly supplied 
to pi^s, its value depending upon the large 
quantity of sugar which it contains. In an 
average sample the sugar present reaches 
6 per cent., the curdy matter 1 per cent., 
the fat *35 per cent., and the mineral matter 
*76 per cent. 

Milk Testings The quality of milk is 
tested in various ways ; by chemical analysis, 
by the Babcock and Gerber machines, the lacto- 
meter and the creamometer. There are other 
methods which require technical skill, but in 
practice the amateur now depends chiefly upon 
the two first named. By chemical analysis the 
water is driven from Ihe milk by heat, the dry 
matter remaining being the milk solids, which 
are separately determined. The method of 
determination, however, belongs to the depart- 
ment df chemistry [see the course on Chemistry, 
page 3820]. The creanumeUr [19] is a glass 
tubular or cylindrical vessel 10 in. high by 

in. in diameter, although smaller and conse- 
quently less reliable tubes are sometimes used. 


There should be a scale on the upper portion of ' 
the vessel divided into lOOparts, commenc^ 
with zero near the top. The ndlk is poured 
up to this mark when quite fresh, and kept for 
24 hours at an even temperature, as near 
60^ F. as possible ; in due course the cream 
will rise, and the percentage can be read upon 
the scale. This test, however, as we have 
already shown, is not of a thoroughly reliable 
character. 

The Lactometer. The lactometer 
should always be used in conjunction with the 
creamometer where that vessel is employed. 
This instrument is usually adjusted for use at 
60° F. If gently introduced into milk at this 
temperature Ihe speciflo gravity will be shown. 
Thus, if the scale on the stem be level with 
the surface of the milk at the figure 30, the 
specific gravity is 1*030 ; but if the temperature 
higher or lower, the specific gravity indicated 
will bo higher or lower ; the indication, however, 
will not be correct, and therefore a correc- 
tion scale is necessary, in order that the 
exact gravity may be ascertained by refer- 
ring to it. The best lactometers are 
fragile, the stem not exceeding ^ in. in 
diameter, and the bulb IJ in. by 3 in. 
in length. The most perfect lactometer is 
that invented by Quevenne. 

The Babcock and Gerber 
Machines. The instruments invented 
by Babcock and Gerber are intended to 
determine the quality of milk by the 
extraction of its fat. The Babcock 
machine is a disc which revolves 

„ ^ Carefully measured 

quantities of milk are passed from a 
pipette into small bottles, the necks of 
which are graduated. These bottles are sub- 
mitted to centrifugal force, when, by the aid 
of sulphuric acid, the casein of the milk being hold 
in solution, the fat is driven into the neck of 
the bottle, and its percentage there read off. 
These mpiChines are now generally used by 
advanced dairymen, and are of great value 
to the milk industry. The method of making 
the test, if the instructions sent with each 
machine be followed, is easily mastered. A 
number of samples of milk can be tested at one 
and the same time. Cream, buttermilk, skimraed 
milk, and whey me^y be tested by the same 
method. In some instances, especially in 
factories, samples of milk are daily kept and 
mixed with an appropriate antiseptic, the 
mixed or composite sample being tested weekly. 
As it is necessary, in order to avoid prosecu- 
tion, that all milk sold should contain 3 per cent, 
of fat, it is not only important to dairymen but 
to farmers that milk should be nequently 
tested. 


Continued 








When stub tenoned members a<re of minor 
character, coming between others, fox wedging 
is not necessary. In light work glue alone is 
relied on, and in heavy work the parts are held 
together by exterior attachments independently 
of the stub tenon joints. 

In putting a tenoned frame together, cramps 
are uim to pull the joints up tightly, and these 
are left on for a time until the glue has set. 

Drawborifig. Drawboring with pins is 
done on the same principle as that in which a 
cottar draws two parts together. That is, the 
tapering side of the cottar acts as a wedge against 
the side of the hole in one of the parts, while it 
exerts pressure in the opposite direction in the 
other part. This is done by making the holes 
slightly out of centre with each other, so that 
when the pin is driven thro^h, it exercises an 
inward puU on the tenon. The same principle 
is often put into practice in the insertion of 
screws into half-lap joints, and into any places 
where the piece of wood which is being screwed 
down has at the same time to fit closely against 
a shoulder or other part, which makes a side 
pull as well as a downward one desirable when 
screwing it down. The screw holes are bored 
through the first piece in the ordinary way, as 
described in our remarks about the insertion 
of screws, but in continuing the smaller hole on 
into the second piece the gimlet or bradawl is 
kept out of the centre relatively to the large hole, 
toward the side to which it is desired the screw 
shall pull the upper piece of wood. When the 
screw is put in it tends to bring the holes con- 
centric with each other, and so exercises a side 
pull on the wood. The pins for drawboring 
tenoned joints are generally made by paring 
them with a chisel against the bench hook or 
stop, first making them square with a slight 
amount of taper in their length, and then re- 
moving the comers to make them octagonal. 

Marking Out and Cutting Mortigan 
and Tenons. Tenoned joints are so com- 
monly employed, and they have such special 
features of their own, that there are several 
tools which are used almost exclusively in making 
them. One of these is the mortise gauge. An 
ordinary gauge might be used for marking out 
mortises and tenons, but it would involve two 
operations, where one with the mortise gauge 
suffices. The latter has two nickers inst^ of 
one, and marks two lines representing the width 
of ^e mortise. This width, of course, can be 
adjusted to whatever is required, and the block 
of the gauge can be set in the same way as that of 
a single marking gauge to fix the distance of the 
lines from the edge ‘of the wood. Another im- 
portant tool, little used except for mortises, is 
the mortise chisel. It is an ekceptionally stout 
chisel, suitable for withstanding the heavy 
malleting and prising necessary in cutting and 
clearing out mortise slots. 

The mortise gauge and an ordinary square are 
the tools used in marking out mortises and tenons. 
It is essential that the wood should first be 
planed square and true before either square or 
gauge can be used with accuracy. In marking 
out tenons, the entire length of the wood from 
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Zuider to idioukler is usually the important 
thing to look after, and generally, if the tenon 
goes through, some allowanoe is left on its end 
for trimming off after the work is put together 
[162]. The extreme ends of the wo<m, therefore, 
do not need squaring, but Care must be taken 
to scribe the woulder lines square. The lines 
for these are squared completely round the wood. 
Then the lines of the tenon are gauged with the 
mortise gauge, which is used without 
alteration for the mortise lines. It is generally 
set direct from the chisel that is to be used 
to cut the mortise slot [158]. If the mortise 
is to go right through, it is marked out on both 
sides of the wood, and allowanoe made on the 
outer side for the wedges [151 and 152]. If it 
be for a stub tenon, it is marked on the one 
face, and greater care taken to cut it square 
from that face, undercutting the correct amount 
for wedges if wedges are to be inserted. When 
mortises are cut near the ends of wood, as at the 
tops and bottoms of doors, a little extra length 
is left on the ends for sawing ofi after the work 
is together [152]. This gives more strength for 
wedj^g, and is simpler and better than squaring 
the pieces exactly to length before putting 
together. The tenon is sawn nearly to the lines, 
and finished with a chisel, or in largo tenons it 
may be sawn practically to a fit, and eased, if 
necessary, with a rebate plane. To facilitate 
insertion, the sharp comers at the ends of tenons 
are chamfered off with a chisel, but in the case 
of through tenons, the chamfered part must be 
trimmed off after. Usually, most of the mortise 
slot is first cleared out by boring a series of holes 
with a centre-bit, and then it is cut to the lines 
with a mortise chisel, which, except in cutting 
small amounts at the finish, is driven by a mallet 
[160J. The mortise chisel used should always be 
of the same width as the mortise, and if care be 
taken to hold it upright, this ensures the sides of 
the mortise being parallel, and of the correct 
width. Mortises for stub tenons should be cut 
slightly deeper than the length of the tenon, to 
ensure a close bearing at the shoulder. Wedges 
are sawn of the same thickness as their tenons, 
and glued and driven in, either at the sides [152] 
or into the saw cuts [154 and 155]. Stub or 
stump tenons [155] are used when the tenoned 
member has merely to withstand side thrust, 
and is not required to have a strong tensile hold 
on the mortised member. It has the further 
advantage of weakening the mortised member 
less than would be the case if a through mortise 
were out ; and also, being concealed, it is some- 
times preferred for the sak^e of appearance. In 
some cases also, the width of the mortised mem- 
ber is so great that there would be no gain in 
strength if a tenon was carried through. 

Proportion of Tenon. In ordinary 
framed work, mortises and tenons are usually 
made one-third the thickness of the stuff, and 
unless the width of the tenoned member is 
more than about six times the thickness of the 
tenon, the latter is made the full width of the 
former ; except, of course, in mortises out at 
ends, where die width must be reduced to leave 
material beyond [152 and 156]. If the tenoned 
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piece exceeds this proportion of width, the tenon 
IS reduced, generally with a haunch, of which we 
shall speak immediately ; or if the piece be very 
wide, more than one tenon is cut on its end. 
Fig. 161 shows what are called a pair of 
tenons cut on a wide piece. This is usually 
done in the middle and bottom rails of ordi- 
n^ house doors. If a single tenon the full 
widfth were made, it would necessitate a mortise 
so large that the mortised member would be 
weakened very much, and there would be a risk 
of so wide a tenon becoming loose through 
hhrinkage. In thick stuff, tenons are sometimes 
divided in the direction of the thickness, forming 
two thin tenons side by side, with a space 
between instead of one thicker one. These are 
called dovhle tenons [168]. Mortises and tenons 
must always be arranged so that the long way of 
the mortise runs with the grain of the wood. 
Tenons are always formed on end grain, and 
mortises in side grain. 

Haunching. When tenons do not extend 
the entire width of the member they are cut on, 
a short haunch^ stump, or tusk [161 and 162] 
is often formed extending the full width of the 
member, and of the same thickness as the tenon. 
A shallow mortise is cut to receive the haunch, 
and when in place the tenoned member is thus 
prevented from warping as effectually as if the 
tenon itself was of full width. In fact, the haunch 
makes it equivalent to a tongued and grooved 
joint, and the tenon may be considered as an 
extension of the tongue. Haunched tenons are 
always employed in panelled doors, the haunches 
fitting in the same grooves as the panels, and 
extending the same distance in as the latter. 

Tusk Tenon. A tenoned joint somewhat 
similar in principle is shown in 164. It is called 
a tusk tenon, and in this case the prevention of 
the member from warping is, of course, not the 
idea, because it is not of a section that could 
warp. It is the joint generally used in fitting 
the ends of floor joists into framing where 
openings have to be, left for fireplaces, stairs, etc., 
but it is suitable for any cases where the end of 
one horizontal timber has to bo tenoned into 
another. The tenon which goes through and is 
kept in place by a pin or we<^e on the far side is 
of comparatively small section in order to avoid 
weakening the timber in which the mortise is 
out, but, to enable the joist to support as heavy 
a weight as possible, a short tusk is made which 
relieves the slender tenon from a great deal of 
shearing strcFS and yet weakens the mortised 
timber very little. Sometimes, when the latter 
is very wide, the tenon does not ^o through, but 
the pin which holds it in place is driven down 
through a hole bored from the top. The pro- 
portions adopted for a tusk tenon are shown to 
scale in 164, and it is always intended of course 
to be used in the position shown, with the square 
shoulder downward and the bevelled part at the 
top. The haunches of tenons like 152 and 162 
are sometimes tapered similarly so that they may 
not show when the parts are together. 

Dovetail Mortise and Tenon. This 
is shown in 165 and 166. It is used chiefly for 
temporary work. As the illustration shows, it 
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is inserted loosely, and ti^^tened by wedges. Fig. 
165 shows the end of a single rail msert^ in tlfis 
way, and 166 shows two rails meeting in a post. 
It can also, if necessary, be used for stub tenons. 

Open Mortise and Tenon, or Slot 
Mortise. This [158] is a slight improvement 
on a halved joint, and it permits of a wider, and 
consequently stronger, tenon than could bo 
employed if it were enclosed in the ordinary 
way. Such a joint can be held together only 
pins or screws, in the same way as a halved joint. 

Barefaced Mortise and Tenon. This 
[157] is employed when the members are of 
unequal thickness, but are flush with each other 
on one face. The tenon is then shouldered 
back from the flush face only, and on the other 
face of the thin member the tenon is continuous 
with the surface. 

Chase Mortise. The chase mortise [167] 
is employed in cases where a tenoned member 
has to be inserted after a frame has been put 
together, and as it is impossible to insert the 
tenoned ends endwise in the usual way, one of 
the mortises is cut away at the side for some 
distance, and the tenoned member inserted in 
the frame diagonally, with one tenon at the 
entrance of the ordinary mortise and the other 
at the end of the chase mortise. It can then be 
pushed sideways along the chase mortise until 
both tenons are in their proper place. The chase 
mortise is then generally filled up by inserting 
a strip of wood. 

Oblique Mortise and Tenon. Examples 
of this are shown in 169 and 170. Other slight 
modifications of their form are possible, and 
sometimes employed. In 169 the end of the 
member itself is recessed a little way into the 
mortised timber, the tenon extending further 
still. In 170 the tenon only enters the surface 
of the mortised member. In another form fre- 
quently employed, the tenon is shouldered or 
notch^ back slightly from the front, and some- 
times also, instep of tapering to nothing at the 
back, some amount of depth is given to it there. 
Occasionally the tenon is notched, giving it the 
appearance of two saw teeth, one behind the 
other. Sometimes a joint the exact reverse 
of a mortise and tenon, known as a bridle joint 
[198], is made. It has no particular advantage 
of its own, except that it is then possible to see 
from the outside whether it is in close contact 
everywhere. Figs. 168 and 171 show two 
simpler forms of joint which might be used 
under the some circumstances. In 168 a block is 
nailed on the surface of one member to taKe the 
thrust of the other. In 171 the member is notched 
out to provide a shoulder for taking the thrust. 

Miacellaneous Joints. There are a num- 
ber of joints commonly employed, some of 
which are closely allied to the tenoned joint 
or to the simpler forms already described. 
Figs. 178 to 177 show methods of connecting 
timbers which meet, or cross at right angles. 
Fig. 172 is a rented joint which is em- 
ployed to resist pressure inwards on either 
member; 178 is a dovetailed joint to resist 
tension; 174 is a similar join^ except that 
its end is housed to enable it to withstand 
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downward pressure ; 176 k a notched joint to fitted in a corresponding groove across a 

prevent the notched timber from moving end- wide piece of wood to strengthen and prevent 

wise ; and 176 shows a double notched joint to the latter from curving or warping. It may be 
prevent either timber from moving endwise. If planed flush with the siufaoe, or allowed to stand 
the timbers were sunk flush with each other, it a little above it, as in the illustration, the 
would be a halved joint. Fig. 177 k a cogged advantage of the latter method being that it k 

joint used for preventing end movement between thicker, and therefore less likely to get bent 

timbers which cross. The lower one is thus not itself by the large piece. On the other hand, the 

weakened so much as it would be if notched flush simaoes are neater, and sometimes essential, 

entirely through, while another advantage k When there k no objection to a thick key stand- 

that, even if the end of the upper one be flush ing above the surface, it is often a question 

with the outer face of the lower, there is still some whether a simple batten screwed on instead 

amount of end grain to prevent the upper from would be preferable. 

moving back. Fig. 178 illustrates a separate Heavy Timber Jointe. Figs. 194 to 196 

dovetailed key uniting timbers end to end ; show some methods of connecting beams with 

179 is an end joint in which the key k formed on posts in heavy timbering ; 194 very much re- 

the end of one of the timbers ; ISO to 184 show sembles the tusk tenon in 164, but it is stronger 

joints adopted for connecting vertioak with hori- than the latter^ because the entire depth of the 

zontak, tne horizontals being either above or horizontal is housed, which in 164 is impossible, 
below ; 180 k a simple butt joint, skew-nailed, or The entire depth and width of the horizontal k 

in large joints, spiked, not possessing, of course, supported in the housing, and therefore could 

very much strength except to resist direct down- not shear off, except under a weight that the 
ward pressure ; and 181 has its end let into a beam itself was too small in section to sustain, 
shallow recess or rebate, and would be called a Housing is often practked in jomting horizontal 
hcmaed joints though, strictly speaking, a housed members when they happen to be of smaller 
joint is one in which the end of the member k section than the members that support them. 
encloB^ on all sides. In 182 the vertical is held Fig. 195 is another example which, although it 
in practically the same way, the only difference k open at the sides, has its entire section sup- 
being that, instead of a recess being cut in the ported. In thk case, a shallow notch k cut in 
horizontal, two blocks or steps are nailed on each the vertical, and tbe support increased by 
side to enclose the end of the vertical. Fig. 188 bolting a cleat beneath. The notch may be either 
k a simple stub tenon, and 184 a joggle. Another parallel in the form of a rebate, or tapering to 
good method for a wide post would be double nothing at the top, the latter method not weak- 
tenons as in 186. ening the post quite so much, but the difference 

Some More Complicated Joints, k hardly worth considering. 

In addition to these, there are other more In 196 the end of the beam is tenoned into 
complicated joints, mostly without any corre- the post and supported ako by a cleat. A 

sponding advantage, whicn might be employed, stub tenon formed on the lower half of the end 

!^gs. 185 to 188 are oblique halved joints, k used so that the beam is supported from the 
which otherwise do not differ from forms already bottom. The cleat m both cases k shown bolted 
described. Fig. 189 k a comer joint which k to the surface, but it might be made more secure 
simply a half -lap mitred on onfe face and square by notching it in the same way as the end of the 
on the other, the mitre being made for neat beam in 196. Fig. 198 is called a forked tenon, 
appearance, and at considerable sacrifice of but it is practically the same thing as the open 

strength. Fig. 190 k an open mortise and tenon mortise and tenon [163 and 190], except that 

with mitred shoulders ; not so strong as square it occurs at an intermediate position instead 

shoulders, but even with its double mitre rather of at an end. It is sometimes used in framed 

stronger than 189 ; 191 k a dovetail, a very work when the forked end has to support the 

substantial joint, superior to a mortise and tenon other in a horizontal position, as in the illustra- 

for reskting tension. In 191 the dovetail is tion. It holds it more securely than if it was 
formed to resist outward pressure on the vertical tenoned into it in the ordinary way ; but, on the 
member, but it could, if necessary, be tapered other hand, the horizontal is very much weakened 

the other way to prevent the horizontal from ^ cutting so much material from its body, 

being forced upwards. Fig. 192 k a plain lap The edges of thk joint are generally slightly 

joint, which would have to be screwed or bolted veed or undercut in order to keep the main 

together ; 197 shows a tapered and V-edged surfaces of the joint in close contact. 
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PERMUTATIONS different from one another and from all (ho 


161. The number of an\ingement8 of r things 
which can be formed from n things is called the 
number of permutatumH of n things v at a time. 
This number is denoted by 

For example, if we have three letters, o, 6, c, 
the number of permutations which can be 
formed by choosing the letters two at a time is 
six. The permutations are 

ahf ac, bCy ba, ca^ ch. 

162. To Find ’‘Py. Since there are n differ- 
ent things, one thing can bo chosen in n ways. 
Having chosen one thing, there will be (a-J) 
things left, so that a second can be chosen in 
(n-1) ways. Now, when a second thing is 
chosen, it can be placed with any one of the n 
ways of choosing the first ; hence, from park 
way of choosing the second thing wo got n 
ways of choosing two things. Therefore, since 
there are (?i-l)ways of choosing the second, 
we get n (n - 1 ) ways of choosing two things. 

Again, when two things have been cliohen in 
any one of these ways, a third thing can be 
chosen in (n - 2) ways ; thus, since two things 
can be chosen in n (n- 1) ways, and a third in 
(n — 2) ways, the number of ways of choosing 
three things is n (n- 1) (n - 2). 

Proceeding in this manner, wo see that the 
number of ways of choosing r things is 
n (?i - 1) (n - 2) . .. to r factors. 

Now the rth factor is evidently n - (r- 1), or 
n - r -b 1. Hence we get 

“»*Pr~ n (n-l) (n-2) ... ( 71 - 1). 

168. If w^e put r = 71 in the result of Article 
162, we obtain the number of ways of arranging 
n different things amongst themselves. 

Thus »PH=n(n-l)(»-2)...3.2.1 . “C, 

This expression, consisting of the product 
of the first n natural numbers, is denoted by the 
symbol |7i orn ! and is called factorial 71 .’* 

164. !Fo find the number of permutations of n 
things taken all together, when the things are not 
aU different. 

Suppose the ti things are letters, p of them 
being a*B, q of them h’s, r of them c’s, and the 
rest all diflerent. Lei x be the required number 
of permutations. Now each permutation con- 
tains the whole of the 71 letters, so that each 
contains p letter a’s. Suppose that instead of 
these a*s we put in p letters which are different 
from one another and from all the rest. Then, 
by arranging these p letters we get |p permuta- 
tions [Art. 168] instead of a single permutation. 
Treating each of the x permutations in the same 
way, we should obtain a: x | p permutations. 

Again, each of these xx\p permutations con- 
tains q letter 6*8, and, exactly as before, if 
we change these q letters into letters which are 


rest, we should obtain \q permutations from each 
of the a; X |p permutations. Hence the number 
of permutations will now be a; x |p x |(/. 

Similarly, by changing the r letter c’s, wo get 
a: X Ip X l^x |r permutations. 

But the n letters are now all different, and, 
therefore, the number of ways of arranging 
them is [n [Art. 168]. 

®xj£x;jx|r= [», 

1 l’‘ 

IP li 1 l 

COMBINATIONS 

165. The number of groups of r things which 
can be chosen frc>m n things, without regard to 
the arrangement of the r things in each group, 
is called the number of comhinatiom oi n things 
r at a time. This number is denoted by 

166. To Find Each combination con- 
tains r dift’eront things, and, by Art. 168, these 
r things can be arranged in |r^ways. Hence, 
each combination gives rbe to |7* permutations, 
BO that 

|r X "P,.. 

Therefore, 

’KJ ~ ^ (H~2)... (7l-7’-f 1) 

" t ~ ~ IL 

By multiplying numerator and denominator 
of the expression on the right by \ n - r wo get 
another form of the remit, rk., 

71 (a - 1) (71-2) ... (7i-7’-l- 1) [a 

"* |r [a-r |r |a- r 

167. The number of combinations of n things 
taken r at a time is equal to the number of com- 
bimtions of n things taken (n-r) at a time. 

For, in taking r things away from n, wo leave 
(n-r) things behind. Hence the number of 
ways of choosing (n^r) things is the same as 
the number of ways of choosing r things ; that 
is 

EXAMPLES 35 

1 . How many different numbers can bo formed 
by using one or more of the numbeis 1, 2, 3, 4 ? 

2. How many permutations can be formed by 
taking all the letters of the word Philadelphia ? 

8. In how many ways can six people sit at a 
round table ? 

4 . In how many ways can three boys and two 
girls be chosen from six boys and three girls ? 

6 . If find * 03 . 

6 . Of the permutations formed by using all 
the letters of the word successes, how many have 
s at each end ? 
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MATHBIMATIOi 


THE BINOMIAL THEOREM 

168. In Article. 27 it was shown .that the pro- 
duct of two compound expressions is obtained 
by takin|^ the sum of the products formed by 
multiplying every term of the one expression 
by every term of the other. In the eame way 
we obtain the continued product of any number 
of expressions by taking the sum of all the pro- 
ducts formed by multiplying together any term 
of the first, any term of the second, etc. 

Suppose we have n factors, each of which is 
(a + b)f and that we wish to form their product. 

If we take a letter from each factor and multiply 
these letters together we obtain a term of the 
product. By doing this in every possible way 
we obtain every term of the product. 

We can take the letter a from each factor, 
and this can only be done in one way. Hence 
a'* is a term of the product. Again, b can be 
taken from one factor and a from the remaining 
(n— 1) factors; the number of ways in which 
one h can be chosen is the number of ways of 
choosing one thing out of n things, or *0i. Thus 
the product can be formed in ♦‘Cj ways, so 
that is a term of the continued pro- 

duct. Similarly, b can bo taken from 2 factors 
and a from the remaining (n ~ 2) ; the number 
of ways of choosing two h’s is “C 2 , so that 
is a term of the continued product. 

Proceeding in this way, we obtain 
(a + b}^ = a” -f + ... + ; 

or, using the values of K!Ji, "Cg, etc. [Art. 166.], 


170. In the expansion of (a + b)'^ the coefficient 
of the (r+l)th term from the beginning is ^0^. 

Tlie coefficient of the {r -t- l)th from the end, 
1 €., the {(n-hl)-r} or (n~r4-l)th from the 
beginning, is "Cn-r- 

But *0,. = [Art. 167], hence, in the 

expanftum of (o 4- 6)** the coefficients of any two 
terms equidistant from the banning and end are 
the same. 

171. The most useful form of the Binomial 
Theorem is obtained from the result of Article 
168 by putting a = 1 and 6 = ar. This gives 


(1 + »)" = 1 + n* + — ^ 

1 • A 


. -f x\ 


Example. 

{2x+3af = (2xf ( 1 + : 


4- etc.} 


(o 4” 6 )“ na^~'^b 4* 4 . 4 - h'** 

X . A 


This formula 
is the Bimm- 
ial Theorem, 
and the ex- 
pression on 
the right is 
called the expansion of (a 4- 6)". 

Example. Expand (2a; 


3a\6 
2a;/ 

2a; 1 . 2 4a;^ 

= 32a;® 4- 240a;^a 4* etc. 

172. The formula of Article 171 has only been 
proved for the case where n is a positive integer, 
but the result is true for all values of n, pro- 
vided X is less than 1. We shall not give a 
proof of this, but an example will show the 
application of the formula to cases in which n 
is not a positive integer. 

Notice that, if n is not a positive integer, no 
one of the factors w, n-1, n — 2, etc., can be 
zero, so that the expansion is 
endless. 

Example. Expand (1 4- a;)~i 
The formula gives 


a^4*... 


I 


r* 

1 

1 

- 1 -2'\ 

f-lw+ 

. 2 A 2 .1 t) 

V Y 

, Y 

V 2/ 

1.2 

“TTTTT 



i-U+L 
2 2 


4 2, 


3.5 


4 . 6 


a;® 4- ... Ans, 


By putting o = 2a?, 6 = - y, w = 4, in the above 
formula, we obtain 

(2a; - y )* » {2x)* 4- 4 {2xf { - y ) 4- j~ (2x)2 ( - 3^)2 4. 4 (2a;) ( - y)’ 4- ( - y)* 

= 16a;* - 32x^y 4- 24a?V - 8a^ 4- y* Ans, 

169. General Term. In the expansion of 
(a 4- b)^ a term of the continued product is 
formed by taking 6 from r of the factors and a 
from the remaining (n - ?•) factors. Now r 6’8 
can be chosen from n in ways, so that 
is a term of the expansion. 

By giving a suitable value to r we obtain any 
term in the expansion ; is therefore 

called the general term. 

Note that in Art. 168 the index of b in the 
second term is 1, in the third term is 2, and so 
on ; hence the term containing b^ is the (7'+l)th 
term, not the rth. 

Example. Find the 7th term of (3a -1)**. 

7th term = “Cn (3a)ii-« ( - If 

2. 3. 4. 6 

s 112266a® Ans, 


Answers to Algebra 

Examples 84 

1. 86. 8. 512. 

2. 6, 8, 11, 14. 

4. (i.) 360, (ii.) 
(iii.)4]!|, (iv.)5±^. 


Examples 86 

1. <P,+*P2+*p3+<P4=4+12 + 24+ 24 =64. 

2. 14968800. 

(| 2 )® 

8. |5 = 120. 

4. 003x302= 20x3= 60. 


6. nCy=«08=’K:H-8 
»-8= 7, and w=s 15. 


[Art. 167]. Therefore, 
Hence, ’‘Og = 456. 


6 . Taking away two jt’s first, we can arrange 


the remaining letters in 


L 


or 630 ways. 


|2 |2 II 

The letters taken away can be put one at each 
end of any arrangement. Hence the required 
number is 630. 


Algdfra concluded 
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CUGAR beet ia ^own in all the countries of 
Europe from Sweden in the north to Spain, 
Italy, and Greece in the south. It is cultivated 
in Canada and the United States, Australia, 
South Africa, Persia, and Siberia. The plant 
(Beta vtUgaris) is in^genous to the South of 
Europe. 

Propagation, Beet is propagated from 
seed. The original beet has been improved by 
a careful selection of the best sugar bearers, and 
judicious and scientific fertilising have evolved 
beets which contain m much as 18 per cent, 
of su^p^r. Vilmorin, of Paris, wm the pioneer 
in this work of selection, and his successors, 
Vilmorin, Andrieux & Co., are still recognised 
as the premier house for beet seed. In England 
the houses of Sutton and Carter have paid 
considerable attention to the production of a 
good sugar- bearing beet, and both sell a good 
seed suitable for growing in England. 

Selection. The method of selection is as 
follows: The beetroots which show least root 
above ground are pulled and stored, and in 
the spring those richest in sugar are planted 
out for seed. Richness in sugar is found by 
putting the roots into a solution of salt or 
sugar of the specific gravity of 1’065 to 1*070. 
Roots rich in sugar sink, and these are selected 
for planting, those floating being rejected. This 
test is a rough one, but answers well, a more 
scientific method being to test small (quantities 
of the juice by the polariscope. Tne beets 
selected are placed in the ground and long seed 
stalks spring from them. The stp^lks are sup- 
ported by sticks, and when the seeds are nearly 
ripe the stalks are cut and the ripening finished 
by hanging in sheds in a current of air. The 
yield of seed is about 15 cwt. per acre. Beet 
giving a large 8ugp,r yield costs no more to 
grow than beet with a smedl yield, so that the 
selection of seed is an important matter to the 
grower. IllustrpAions are given of the Vilmorin 
Improved, the White Silesian, from which the 
former is descended and sometimes regarded a.s 
a distinct species, and the Imperial [9^ Other 
well-known kinds are the Klein-Wanzleben, and 
Heine*s Vilmorin [see Plate facing page 3649 j. 

Characteristics of Good Beet. The 
shape and manner of Rowing of the beet arc 
important. The most desired characteristics are 
thus summed up by Lock : 

1. Beets should have a regular pear-shaped 
form and smooth skin. 

2. They should not have a tendency to throw 
out forks or fingers and toes. 

3. The flesh should be firm and white, the 
structure uniform, and the flavoui “clean.'* 
Hun-skinned beets are preferable, as the thick- 
skinned varieties are frequently spongy and 
always more watery. 


4. The beets should weigh 1^ lb. to 2^ lb. 
each, as neither very large nor very small roots 
are profitable to the manufacturer. 

6. Good beets have no tendency to become 
necky, and Aieir tops are always smaller than 
those of inferior beets. The large-leaved are 
preferable to the small-leaved vctrieties. 

6. Good beets are denser than water. The 
quantity of sugar is roughly estimated as stated 
above. If the beets sink in a liquid of 1 *07 sp. gr. 
the percentage of sugar is about 14. 

7. The roots should grow entirely in the 
ground in properly prepared soil. 

Range of Temperature. Authorities 
are aneed that temperature has to be con- 
sidered in beet cultivation rather than the 
rainfall. Sugar formation is favourably in- 
fluenced by dry weather in the autumn. 
A mean summer temperature of 70® P. 
for 90 days is sufiicient to mature beetroot; 
if the temperature be much above this the 
amount of sugar is diminished. The crop 
must be matur^ and safely harvested before 
the frosts set in. 

Soil. 'Any good soil that will grow wheat 
and has an arable depth of 12 in. to 15 in. is 
well suited for beet culture ; it must bo well 
drained. Whore a large proportion of chalk 
is present in the soil the juice yield of the 
beet is small but of gooa quality. In the 
United States, Dr. H. C. Meyers devoted much 
time to the study of the growth of beet in 
alkaline soil such as exists in Utah. The 

locality in which tho experiments were made 
was at Hooper, slightly above the mud flats 
of Great Salt Lake. Dr. Meyers found that 

moderate irriga- 
tion tends to 
cariy the salts 
in tne soil down 
to below the 
plant roots, and 
that by d(»ep 
tillage, main- 
tained through- 
out the season, 
evaporation and 
rising of the 
alkali may be largely prevented. Alkali soils 
have a great advantage over other soils in case 
of drought, in that the hygroscopic salts present 
take up and retain moisture which is available 
for plants. Tho tendency of the beet is to purify 
the soil by taking up alkali constituents ruinous 
to common crops. The importance of these 

observations is that arid regions unsuitable for 
any other crop m^ be utilised for beet. 

Sowing. In Great Britain April is the time 
for sowing beet seed. The frosts should be 
over, because if the sowing be done too early 
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and the plants become frost-bitten it will be 
necessary to plough up the first sowing and sow 
afresh. Some sow the seeds in continuous 
lines along ridges which have been throwp up 
from 14 in. to 18 in. apart. The ground should 
have been stirred up to a depth of 12 in. bv 
the cultivator or subsoil plough, and if manured, 
the manure is ploughed m 5 in. deep. A better 
way than the continuous line is to dibble the 
see^, three in each hole. To keep the beets 
down to the limits of size — J lb. to 2J lb. — 
they are planted with about 8 in. between the 
roots, bearing in mind that some* of the new 
kinds of beet with strong foliage require the 
rows to be up to 20 in. apart mstead of the 
18 in. limit just referred to. The seedlings are 
allowed to grow until 3 in. to 4 in. high, and 
where more than one plant has come up from 
each hole, the weakest are pulled up, and any 
misses fill^ up with these plants. The quantity 
of seed required, if sown in continuous line, is 
10 lb. to 15 lb. an acre ; if dibbled in, 5 lb. to 7 lb. 

Hoeing* As soon as the plants appear 
above the ground the soil should be kept loose 
and free irom weeds by hand hoeing. After 
thinning and until the plants have grown too 
large, the horse hoe may be used two or three 
times, its work being finished aS each time 
writh a hand hoe. The soil should be earthed 
up so as to cover the roots. If any plants 
begin to send up stalks, the stalks should be at 
once broken off. 

Harvesting. The crop must' not be 
harvested until it is ripe, but at the same time 
it should not be left to injured by the frost. 
In from three to seven months the leaves begin 
to droop and turn yellow, leaving exposed on 
the top of the root a crown of young green 
sprouts. As soon as this takes place, the roots 
are ready to be pulled. If the autumn be cold 
and dry, the roots may be left without injury 
for a week or ten days later, but if the weather 
be mild and moist, new growth would be en- 
couraged, which is undesirable. The roots are 
pulled by hand labour, but more economically 
by special harvesters, consisting of a fork on 
wheels, drawn by horse power. The roots are 
caught by the prongs of the fork, which pulls 
them out of the ground and drops them. Care 
is taken not to puncture or bruise the roots, as 
this m^ans loss of sugar. The earth is shaken 
off the roots, the leaves and crown cut off, 
and the beets carted to the factory. If the 
roots are to be stored in silos, only the leaves are 
removed, and they are stored as soon as possible 
in well-ventilated underground trenches covered 
with soil, or in properly constructed silos [see 
Aobioultubb, page 1970], the object in storing 
being protection from the consequences of over- 
heating, frost, and too rapid sprouting. 

Use of Manureo* The use of manure 
depends on the nature of the soil. It is generally 
recommended not to manure the l^t crop 
directly, but to heavily manure a preceding 
cereal crop, and let the residue of manure serve 
for the bMt. With modem artificial manures, 
however, the amount of manure can be adjusted 
to actual requirements, making it advantageous 
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to manure the crop direct^ instead of indirectly. 
Nitrogenous compounds Mve a tendency to 
extend the period of growth and delay the time 
of ripening. This tendency must be corrected by 
phosphates. The Victorian Department of Agri- 
culture recommend for light Messing 2 cwt. of 
sulphate of ammonia and cwt. of superphos- 
phate, and for heavy dressing 4 cwt. of sulphate 
of ammonia and If cwt. of superphosphate per 
acre. Where potash is needed, f cwt. to If cwt. 
of kainite may be used. 

Sugar Factory Refuse aa Manure. 
The cost is heaviest the first year, because subse- 
quently the refuse of the sugar factory is returned 
to the land, and goes a good way in keeping the 
soil manured. (Stable manures must be used 
either on the preceding cereal crop, or worked 
into the soil in the autumn ploughing. Chili 
saltpetre or nitrate of soda can be used in place 
of sulphate of ammonia, and the calcium nitrate 
produced eleotrolytically in Norway is equally 
efficient. The United States Government have 
carried out a large number of experiments on 
the effect of manures on beet crops. The 
fertiliser was found to increase the yield of beets 
but not the percentage or the purity of sugar. 
The use of 600 lb. of fertiliser per acre decreased 
the cost of the beets lid. per ton; the appli- 
cation of larger quantities did not produce any 
further decrease in the costbf beets, so that 500 lb. 
is the most economical quantity to use. When 
20 tons of stable manure per acre were applied 
instead of artificial fertiliser, an increase of 
yield was found in every case as compared with 
unmanured plots, the average increase lieing 
8,720 lb. per acre. The percentage of sugar was 
increased by an average of 1 *5. In growing beets 
at different distances apart in the rows, it was 
found that the nearer the beets were to each 
other the smaller was the yield per acre, and 
the size of the roots was also less. 

Diseases. Beet is sometimes attacked by 
grubs of the beet canon-beetle (Sulpha opaca), 
the beet or mangold fly (AnUhomyia betce), and 
the silver moth (Plitsia gamma). These are 
overcome by spraying the upper and under sides 
of the leaves with Paris green solution. A 
disease known as jaundice’’ is prevalent in the 
northern parts of France, and generally makes 
its appearance during the first fortnight in July. 
When the plant is first attacked the leaves 
begin to droop and become mottled with white 
translucent spots. It has been found that this 
is due to bacteria, and as the sugar yield is 
reduced by a half in diseased roots, the refuse 
from the crop should be burnt before being 
returned to the land. When stored in silos, a 
slight loss of sugar takes place, and “ greying ” 
of sugar has been traced to dry-rot which some- 
times sets in during storage. 

Yield of Beet. An acre of roots weighing 
2 lb. each, and growing 10 in. apart in rows 16 in. 
apart, would, if there were no misses, yield 
40^ tons of dressed roots. The heaviest yield 
has been 65 tons, but 25 to 35 tons may be 
reckoned as the average. At 15s. a ton, this 
would ^eld from £18 15s. to £26 '5s. per acre, 
the estLnated cost being about £8 per acre, 
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leaTiiig a direct pofit of £10 to £18 pw acre. 
This qnesticm has been dealt with by Mr. Sigmund 
Steint who is a persistent advocate of beet- 
mwing in England. His figures come out at 
£7 158. 5d., made up as follows 


Per acre, 
a 8. d. 

Bent and taxes ..100 
Cleaning and fork* 
ing weed stubble 0 10 
Ten loads fann.^ ard 
nuuiure and cart* 

ing 1 11 0 

Spreading manure 0 10 
Ploughing 8 in. to 
30ln. deep.. ..080 


Carried forward 8 10 


« 8. a. 

Brought forward 3 10 
Cultivating . ..000 

Artiftoiol manure. . 1 10 0 

Seed 0 6 8 

Sowing . . ..026 

Drilling, hoeing, 
and thinning . . 0 11 0 
Harvesting . . 0 10 0 

Carting 18 8 


£7 15 5 


Mr. Stein, reckoning on a minimum crop of 
15 tons per acre, obtained on the balance-sheet 
a profit of £7 48. 7d., as follows : 



Dr. 

£ 8. d. 

Cost acre to 

cultivate . . . . 7 15 6 
Extra carting to the 
factor^' . . , , 1 10 0 

Profit per acre ..747 

Cit. 

£ a. d. 

15 tons beet at 188. 

per ton 13 10 0 

Value of 5 tonn 
leaves and heaiJs 
from roots . . ..160 

3 tons aiient HliceH 

nt lOa 1 10 0 

Value of Haturation 
lime (free from 
fttctor 3 ) .... 0 5 0 

£16 10 0 

£16 10 0 

- _ - 

— 


Yield of Sugar. The mean sugar con- 
tent of 1,200 samples of beet analysed by 
Graftian, a Belgian chemist, in 1898, was 16*4 
per cent., the extremes being 20*2 and 12*5 per 
cent. About half the sugar is obtained as first 
sugars, the rest being divided between second 
sugars, third sugars, molasses, and losses. The 
average percentage of water in the beetroot is 
77*69, and in the juice extracted 81*51, the 
average specific gravity of the juice being 1*077. 

In 1879, a Selbot Committee of the I&use of 
Commons was appointed to inquire into the 
effect produced upon the home and colonial 
sugar industries of Great Britain by the bounty 
system in those countries which manufactui^ 
sugar for export. One of the witnesses, Mr. 
James Duncan, stated that Great Britain was 
adapted for beet cultivation, but that the bounty 
system of foreign countries, averaging £2 a ton, 
acted as a preventive of successful production of 
beet sugar in the British Isles. Dr. Voelc^r, 
chemist to the Royal Agricultural Society, stated 
that he found 12 per cent, of sugar in roots 
grown in Suffolk ; 12*5 to 13 per cent, in roots 
from Berkshire ; 11*75 in roots from Surrey ; 
10*5 to 13*25 in roots from Yorkshire, and 10, 
12, and 13, up to 15 per cent, in roots from 
Killamey. Mr. Martineau had roots grown 
in Lincolnshire and the Isle of Thanet, and 
obtained 15 per cent, of sugar, compared with 
the average (at that time) of 10*5 per cent, in 
France. 

BarpeHmenta in Great Britain. The 

factory which Mr. Duncan started was at 
Laveimam, but the venture was not a success. 


The quality of the beets improved year hy year, 
but the facers did not properly modify their 
rotations to seoure a sufficient supply of beets 
for working at a profit. Sir J. B. Lawes and Sir 
J. H. Gilbert published, in 1898, a valuable 
summary on the conclusions they had arrived at 
as to the growth and manufacture of sugar in 
the United Kingdom. On the whole, the authors 
were rather soeptioal as to the suitability of 
England as a beet-growing country, and although 
salisfactory crops could be obtained in certain 
districts, uie results on the whole country, and 
on an average of seasons, wore not, they said, 
likely to be profitable. 

England too Cold. The j^rfected beet- 
root grown abroad is supposed to require an 
average temperature of 70° F., while statistics 
show that the mean temperature for July, the 
hottest month in the year is, in England, only 
62*5° F., and for September and October, 50° F. 
and 43*2° F. respectively. These latter are the 
critical months during which the beet matures 
and ripens, and in England, October is nearly 
always rainy, and often frosty. Nevertheless, 
in favourable districts, it is probable that in the 
majority of seasons, a fair quality of beet for 
the manufacture of sugar could be grown if 
propi^r care were taken to gather the harvest 
before the early frosts appeared. These investi- 
gators strongly recommended the planting of the 
roots close together whereby the luxuriance of the 
foliage is limited, the purity of the juice increased 
and earlier ripening secur^. Noifolk or Suffolk 
they considered most suitable for beet cultiva- 
tion, the climate being appropriate, and the 
soil neither too light nor too heavy. They 
added that even if the Continental sugar bounties 
were reduced or abolished, beet grow*ing could 
never be commercially profitable for the agricul- 
tural districts of Great Britain as a whole. 

Why England should Grow Beet. 
Mr. Sigmund Stein, of Liverpool, has for years 
advocated beet-growing in England, and in 
December, 1905, he discussed the subject in 
a paper read before the Society of Arts. He 
enumerated the advantages which Groat Britain 
possesses over Continental competitors. (1) We 
can grow more roots per acre ; (2) we can 
grow richer roots than on the Continent 
(3) we have the consumption at hand, since 
wo arc the greatest sugar consumers in the 
world ; (4) we save freight ; (5) we save com- 
mission, as the factory sells direct to the con- 
sumer; (6) we can make use of the latest 
improvements in cultivation and manufacture 
by having at our disposal the best implemtmis 
and machinery ; (7) we can manufacture refined 
sugar direct at a very low price ; (8) wo can 
employ the plant of our works in the summer 
months after the campaign is over much better 
than the factories can do on the Continent, as we 
have many other industries in this country which 
could be well carried out in this factory. 

Thegrounng of beetroot is to be this year (1906) 
introduced in Essex for the manufacture of sugar 
on the spot, the Ipswich Chamber of Agriculture 
ti^dog a great interest in the experiment. 


Continued 
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A CHILD’S WARDROBE 

Day and Night Wear : Cutting, Drafting and Making. 
Frocks. The Sailor Blouse. Kilted and ** French” Frocks 


By AZ^LINE LEWIS 


LJAVING provided garments for the infant, 

* ^ we will proceed with those required from 
the toddling stage till three to four years old. 

The remarks already made as to allowance 
for growing must he observed in these, as, indeed, 
in all chiklren’s garments, but more particu- 
larly in the very early stages of existence when 
growth is veiy rapid. All neok, waist, and vnisi 
bands should be large enough, but not exag- 
gerated, which remark applies also to the size, 
as over-much fulness means added weight and 
consequent discomfort to the child. 

This brings us to anotlier important point. 
As the infant grows so its activity increases, and 

it is then able to keep up 

the circulation and the ' 

w^armth of the body by 

movements. The cloth- 

ing, therefore, should be / 

li^t and sufficiently i \ [ / 

warm, but not too I i 

warm, as this induces 

perspiration and fatigue. ci ^ 

The flannel for the under- 
wear should not be of 
a heavy or close kind, # ^ \ 

whilst the material I \ \ 

selected for the petti- 1 J \ 

coats and frocks should L V 
also be of a light make. \ 

Fussy or starched cf \. 

frilling round the neck 
should be avoided, and, 
from the point of view 

of the child’s health and //|f 1' |\\ / 1 \\ 

comfort, the simpler the 

garment the better. g ^ 

Day and Night A 

Wear. The little /\l / 

woolly vest is still worn //H '/ 

under the little chemise ^ if [ 

of finest cambric or long- flPfx LcJ III 
cloth. The latter, how- fl\\ 
ever, in a woollen-clad T7 \ /Um Pl 

baby’s wardrobe, would / 1 \ ^Ill'll 

be of the finest wool or / LL ^ ^ 

nuns’ veiling, when the ^ 
vest would be dispensed 21. chili 

with. 

For the first year, the pilch No. 1 is required, 
also the stork pants, which may be neraed a 
little longer. After this the little drawers shown 
in are better. A little stay bodice of cambric, 
or soft woollen material, is worn over the chemise, 
made to flap over somewhat after the style of 
the bodice for the long flannel in 1. A knitted 
one, however, is preferable, as it is so much 
more elastic. 


21. child’s outfit 


The little flannel petticoat is attached to this, 
whilst the upper one is better made all in one, 
or buttoned on to a bodice of the same material. 
In America a little suspender bodice for the 
diapers finds much favour. This is made like 
a little chest protector — back and front — with 
elastic at the lower edge. 

Over the second petticoat comes the frock, 
and indoors a dainty cambric pinafore would 
be worn. 

A small dressing-gown is a welcome addition 
to the wardrobe after the first year, and the 
Dominican shape in the sketch is a very com- 
fortable little model [21;]. 

With respect to night 

' attire, the sleeping suit 
\/^ y 'fi is undoubtedly the best 

1 K 'W' ' / active little mite, 

I \ /| ( \ / and, as a baby will kick, 

i J I even at night, the footed 

1 j \ shape is the best from 

y ^ one to two and three 

^ years of age. This covers 

» the entire body, and may 

1 / chills. It is, of 

I /A \ course, made of flannel. 

I / ^ 

|j / whrf^ able to sit up, there is 

lv\ /II iWW same objection 

7*^ to passing the clothes 

case of a tiny infant, 
but it is advisable that 
f 1 they should be easily 

/ I l|i \ and quickly put on, 

with as little twisting 
y. h turning as possible. 

The necessary and 
y\ most usual garments for 

\i \ I rnnRIm \ * ^ 

Y i \ i/|| W j years are shown in 21: 

V I I tffl shows the small 

1 J I chemise which can be 

/ I I \ worn at this age, though 
7rjTr\\ / M \ many mothers prefer the 

combination gar- 
^ ^ ment shown at (h ) ; (g) 

s OUTFIT gives a flannel |)etticoat 

with shaped slwt part 
and little bodice to match, feather-stitched round 
the edges ; (i) is the most usual shape of over 
petticoat cut in one, princess fashion, and trim- 
med with tucks, feather-stitching and em- 
broidery ; (1) is a small ni^tgown, with square 
yoke, made' of longcloth, flannel, nun’s veiling, 
or ^otch wincey, which both washes and 
wears admirably, and is equally useful for frocks 
as well as underwear. In (h) we have the footed 






Rlfiephig suit already referred to, whilst (;) shows 
the dressing gown— Dominican form — which 
makes a very cosy little wrap for a tiny tot. 

Yoked frocks are the same as those for the 
first stage, so at (e) we have only selected a 
little sailor frock as a model ; (k) shows a 
little matinee coat, and (a) a long saoque coat 
with cape, whilst (/) depicts a simple little 
pinafore with square embroidery yoke ; (d), of 
course, shows the little drawers. 

Various alterations and modifications arise 
from time to time, but in the main the patterns 
remain the same, and those selected are the 
usual shapes. As far as the coats are concerned, 
the alteration usually affects the collar or neck 
portion, and the trimming generally. 

For the hygienic “ second- stage set ’* the same 
principle should be followed as in the first, and 
the same models may be used with the necessary 
abbreviations of skirt and enlargement of bodice. 
The garments should fasten alternately, as already 
mentioned. 

The Drafting. We will now consider 
the diagrams for the clothes mentioned. The 


In 88 , we ^ ^ ^ ^ 

have the second J " f r ^ p 

stage drawers, / I 

the pilch illus- \ 

trated in No. 20 ^ \ 

being considered \ 

the first. For m ^ , / 

these, J yd. of 5 /v 

36-in. material S \ 

will be required j ( \ 

for one pair, if | 

tiny pieces be \ ' 

joined on at 3 \ \ 

front leg. A to 5 \ i 

B and C to D, S \\ 

lOJ in. ; A to \ 

C and B to D, V 

13 in. ; A to E, 

1 in. ; B to F, 

j in. ; A to G. /-I 

8 in. ; C to H. ~ ^ 

3i in.:AtoI. 88. OHEMISB 

2 in. ; I to J, the same. Curve from E and J 
to G and G to H, and from F to G. As these 


chest measurement may be from 
Neck, 10 in. to 12 in. ; wrist, 

6 in. to 8 in. Length from K 
neck to hem, 20 in. to 
24 in.— depending on the 
style of frock. If the Dutc'h ^ 
stylo be selected, this, of 
course, would be longer. 

Diagram 22 shows the first 
chemise, which will require 
^ yd. of 36-in. material to 
make two, folded over with 
selvedges in centre and fold 
on each side. 

A to B and C to D are 
8 in. ; A to C and B to D 
are 13 in. ; A to E, 2 in. ; 

A to F, 3 in. ; A to G, 5| in. ; 

B to I, 4 in. ; 1 to H, Ijt in. ; 

D to J, IJ in. Curve from 
F to E, G to H, and H to J . 
and C. ^ 


22 in. to 26 in. 


two patterns arc quite easily enlarged, they are 
not given again. 

n The broken lines indicate 

^ iii] BL_ direction to be taken for 

divided skirt [see later], 
which is advisable for some, 
if not for all children, either 
c < a of flannel to replace the 

I ordinary shape of flannel 

{ petticoat, or cambric. If 

’ ® prettily festooned or tucked, 

I || I and tnmmed with lace at the 

Is ^ bottom, it has all the appear- 

, ance of a petticoat, with the 
extra advantage of warmth to 
^ the lower portion of the body. 

The combined garment is 
• now preferred to the chemise 

r roio < and drawers, though one of 

woven material is usually 
xNe£ &ATM 9 R worn under this. I'he small 
jjrarments, however, are rather 


This little chemise may he 23. firkt knickers expensive for their size, as 

fastened on the shoulder, or . . * children so rapidly grow out 

do\^Ti the front, as preferred ; in the latter case, of them. For the very first size, an ordinary vest 

the centre would be slit down and hemmed. If does excellently, cut to form short leg pieces, then 

preferred gathered round the neck, add on joined up, with the neck either drawn in by a 

one or two more inches to centre, and catiy nbbon, or cut at the side to form the head 

the slopes of E and C to meet this. opening, and bound with washing ril:)bon. 



£4 COlfBlNATIOKS 


Diagram 24 shows a very comfortable pattern 
for combinations, which should not present 
much difficulty in cutting out with the aid of 
thepreceding diagram and instructions. 

They are 23 in. from shoulder front to knee, 
and 20 in. from centre-back to point of leg in 
front, and will take I yd. of 36-in. goods. 

The curved lower portion of back, it may 
be pointed out, is to give room and as a pro- 
tection for the sides, and must be joined to the 
front exactly as the notches indicate. These 
are made of flannel or longcloth, and trimmed 
according to taste, the opening being back or 
front as preferred, and may be made with or 
without sleeves, either long or short. 
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25. DRAFTING BODIOF 

Diagram 25 gives the 
drafting of a bodice for 
the second stage, which 
will form the foundation 
for bodice of petticoat, yoke 
for frock, etc. A to B and 
C to D, 16 in. ; B to D and 
A to C, 11 in. ; A to E, E to 
K, and B to E, 1 in. ; B to H, 

2i in. ; A to L, 5J in. ; L to 
2 in. The remaining 
measures are marked on the 
diagram. 

Diagram 27 is ilie princess 
petticoat shown at (i) in 
21 . 

This shape requires J yd. 
of 36- in. material, and, as 
will be seen by the broken 
line, is cut from the bodice 
just drafted [25]. If the 
banded style be preferred, 
the lower portion is quite 
easily odd^ on, either in 
gathered or circular form, 
lower edge may measure 
IJ yd. to IJ yd. round. The same 
model will do for children up to 
four and six years of age, and 
can easily be increased in size and 
length. The trimming, of course, 
is a matter of taste. 

A Child’s Sleeping Suit, 
come to the night attire of the little people, 
from one year old and upwards. As already 
remarked, for children up to two years of 
age at least, the footed sleeping suit, made in 
a soft, lig^t flannel, is the safest form of night 
wear. Diagram 26 shows the shape of the gar- 
ment, which is 14^ in. half-chest, and 24 in. 
across the widest part of leg, the length from 
shoulder to point of front foot being 36 in. This 
will take 2J yd. of 36-in. flannel. 

The foot portion is somewhat compUoated, 
but if the noshes be very carefully followed, 
and those which correspond with each other 
put together, the making is not diffioult. 

No. 28 shows at A the foot portion, and at B 
the foot, heel and sole put together, and the 



FOOTED SLEEPING SUIT 


relative position of the notches. The 
seams are herring-boned with very fine 
cotton. 

If more protection is required at back 
and front, a yoke can be added, cut the 
skme shape, and stitched or feather-stitched 
to the suit, which can be worn by either 
boy or girl. As for obvious reasons it 
must be cut somewhat long and large, 
the foot portion should be drawn in to 
the ankles by a ribbon or elastic passed 
through fancy stitching. 

After the age mentioned, a nightgown 
mav be preferred, though the male infant 
v^ill keep to the sleeping suit without feet. 
Diagram 29 gives a model of a simple 
sacque aflair which, like the princess 
petticoat [27], can be easily evolved from 
the bodice shown in 25 by increasing it 
in length and width. The broken 
lines show the direction to be taken 
for the skirt part if a yoke night- 
gown be required. It is better 
made to fasten either at centre- 
back, or left side of front, thus 
aflording protection to the chest. 

This pattern, it may be* noted, 
will do for the small dressing-gown, 
in which case, of course, the front 
would be left open the whole 
way down. By curving the 
front neck, if made with a 
yoke, and adding a wide 
told of material round neck, 
doHTi yoke. Mid fronts of 
gown, we shall have a very 
nice copy of the kimono 
style. For either shape 1 J yd. 
to 2 yd. of 36-in. material 
will be needed. 

The making of these garments 
should present no difficulty if the 
Dressmaking and Undercloth- 
ing Courses have been followed. 
Fine work, however, is very neces 
sary, not only for the appearance, 
but also for the comfort of the child. 

FrocRa. We now come to the 
question of frocks, and here wo 
have a 


We now 


wide 
selection as far as 
make and trimming 
are . concerned, al- 
though for the first 
^ear or so the choice 
m cut is chiefly 
limited to the yoke 
and smocked styles. 
The yoke may be at 
the shoulder only, or 
ma^ extend lielow 
the armpit in the 
Empire style, both 
of which are easily 
out from our draft- 
ing, and the preceding 
instruotions. 



27. PETTICOAT 




Fpt A rf^pidlf p^cming child the yokeless 
smPcked is d^idediy the bestr as it ex- 
pands so readily, but 
it should be out with 
the sleeves carried up 
to the neck, as in the 
drafting* of the long 
dannel of dia^am 2 
[p. 3744], and not with 
a round armhole. This 
is an important matter, 
as the armhole dom 
not expand with the 
growth, and it is likely 
to irritate and even 
hurt the child, beside:) 
being more difficult to 
smock than the other 
shape, and less effec- 
tive when done. 

A point to be re- 
membered in smocking is that ample material 
should be allowed for the purpose, as skimpiness 
detracts very much from the beauty of the work. 

& mtuts 



28. FOOT OF SLEBPINO SUIT 


For a sailor blouse, the collar would be of 
double material, the edge turned in and stitched 
once or twice, the tot 
row quite close to the 
edge, the second I in. 
to J in. from this. 
The under part is 
secured to the edge 
of blouse, which should 
have a linen stay 
to prevent stretching, 
whilst care should be 
taken not to stretcli 
either edge. 

The seam must be 
well pressed, when tho 
upper portion can be 
hemmed over tho 
turnings and again 
pressed, care being 
taken with tho points 





NIGHTDRESS 

From four to six years of ago the yoke and 
smocked style is usually worn, but may bo 
varied by the long-waisted French variety, 
or the kilted style, 
with a sailor or Ameri- 
can blouse, equally 
suited to girl or bov 
from tw-o and a half 
years of age. 

Diagram 80 depicts 
a drafting of the latter 
style, the bodice of 
wnich can aho be 
evolved from 25, 
either high-necked or 
open, sailor fashion, 
the former shown by 
the broken line. 

Without the collan 
and with a box-pleat 
in the centre, it forms 
an American blouse. 

The sleeve can either be 
pleated at the wrist-part 


HALf\ OF niLl\ 


30. HA1I/>R FROCK 


I 


of the collar to 
prevent them having 

A Kilted Frock 


keep them 
a thick 


to 



>e pi 
to fc 


81. KILT TACKEb FOB PBBSSIKQ 
in a cuff, or 


orm one. 


neat and 
ick appearance. 

The kilt fastens at 
the back, and is 
liommed before being 
pleated. It must be 
very carefully marked 
and spaced as shown, 
HO that the pleats are 
quitt^ even. When 
tacking, care must be 
taken to keep the 
first pleat at tho 
lower edge in a lino 
with tho upper one, 
and with the thread 
of the material, 
otherwise each suc- 
ceeding one will get 
more on the bias, 
and the appearance 
will be spoilt [see 
81]. With respect to the material required, 
frock will take about 2 yd. of 44-in. goods. 
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Diagram 81 ehows half of hilt looked and ready 
for pressing, which should be done on a hard 
surface ; it will take a little time to get the 
pleats perfectly flat, especially if the cloth be 
thick. It is b!^t, when doing this, first to put 
the iron on the bottom edge whilst holding the 
other taut with the left hand. This will keep 
the pleat edges straight, which, if the material be 
at all wii^ or thick, may not always be an easy 
task. When this is so, a second row of basting 
in the middle is advisable. The kilt is arranged 


dainty little slip skirts to wear with these coats 
out of doors, as recommended for the infant. 

For boys, though, a severer style is more 
suitable. These sBp skirts measure If yd. to 
2 ^d. round, and are just gathered into bands 
1 m. or so wide, and fasten on like the ordinary 
old-fashioned petticoat ; or they may be fastened 
by means of ribbons over the shoulder, as in 
the baby’s slip skirt shown in diagram 1, which, if 
crossed over at back and front make a pretty 
finish. For winter, if the long sacque shown 


at the waist into a band, which 
a little under-bodice of 
lining. 

This frock is capable 
of various modifications. 

If the blouse portion be 
made a little narrower back 
at the lower edge, and 
left loose here and at 
the fronts, it forms 8 

the little Quartermaster q Ck 

frock illustrated later, S ^ ^ 

and is worn over the vest ^ 
bodice depicted with it. ^ ^ 

In the long-waisted, ^ 

or French, frock the 3 

bodice portion is carried ^ 

down a few inches below ^ 

the waist line, but 
should not be too low, — 

as this impedes the 
movements of the child. 


buttons on to in 82 is preferred, it can be made with a capo 

and worn with a laoe or 
XctnrM frilled collar accord- 

■> \ - taste. It will 

[ V*" " / ' P \ — V take 21 yd. of 44-in. 

I \ / y \ ' material, and, as will be 

^ FRONT ©fl'Sily the above- 

\ L named matinee coat is 

\ / merely a shorter edition, 

\ /•Qio / with the corners cut. 

\ r • “ Headgear. For the 

\ \ - J ^ first few months, baby 

\ \ / I sleevf boy and girl wear the 

, \ \ ' / / same kind of headgear ; 

\ / L but after then the boys 

\ / wear hats and the girls 

\ / J hoods or bonnets. 

\ / These should at first be 

y of such a make and 

— ^ — ■ — — .M material that they do 

88. CHILDS WEST COAT ««>* cause any ineonveni- 

ence to the small head. 


The making of this style varies considerably, but 
can be easily accomplished by means of the 
foregoing diagrams and an approved sketch, 
and is more fully explained later on. The skirt 
should never extend below the knee and should 
also be made a little shorter at the back than 
the front. Long-skirted frocks are only suited 
to yoke and banded styles, but whilst extremely 
picturesque and quaint, are not very practical. 

For children of two to four and six years this 
style will require 2J yd. to 2^ yd. of 44-in. 
material, much, of course, depending upon the 
style and “ frilliness ” of the frock. 

For out-of-doof wear after the pelisse is aban- 
doned, the little matinee coat shown at (k) in 
21 is a very great favourite with most mothers, 
and is adapted to boys and girls from to two 
and three years of age. Many mothers make 


and of the soft, close kind which the French 
aptly term a “ dormeuse.” 

For boys, hats with or without brims, with a 
soft ruched cap inside, are worn at first, the 
cap being omitted as the child grows. After 
this, cloth tarns, “ jelly-bags,” and Turkish 
caps, “man-o’-war” and sailor hats are added 
to the list. 

For girls there is a wide choice in stylos, 
which, however, resolve themselves into modi- 
fications and varieties of the Dutch or Puritan, 
and the Directoire, or poke, bonnet. In summer, 
frilled or floppy-brimmed hats, and dainty, 
modified poke or sun bonnets are best for 
small girls, and mushropm shapes as they grow 
older. In winter, of course, the quaintly pretty 
Dutch bonnet may be advisable if preferred. 
[See Milunbry] 


Continued 
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of saleable ajiiioles and sj^imens suitable to 
his distriot and trade. In buying, he must 
remember that the return may not be immediate, 
and that second-hand articles nearly ^ always 
require a little outlay for renovation. 

Freaka and Cnrioaitiea. Curiosities in 
the way of freaks, such as animals and birds 
with an abnormal number of heads or limbs, 
can seldom be sold to any advantage. Goods 
which sell most quickly are those of the orna- 
mental type, such as moimtod horns and heads. 
The larger and more mature command the best 
price and the quickest sale. The dealer must 
be able to detect the species at a glance, and 
so to judge its proper value. 

Dressed skin rugs and feather screens soon 
show signs of wear, and should be carefully 
examined for probable spots which moths have 
attacked. 

The sale of native arms, implements, dress, 
and ornaments, is frequently combined with this 
trade, but it is difficult to judge if one is buying 
an imitation made in this country or not. 
Sometimes a known customer has a surplus lot 
of curios to dispose of, collected by himself, and 
authentic ; an opportunity of this sort should 
not be neglected by the dealer. 

Prices. The subjoined list of prices may 
be a guide for general work, but the variation 
in the requirements of each customer and in- 
dividual specimens makes it impossible to 
publish a complete list of charges. The best 
way would be for the dealer to get an estimate 
from the taxidermist as the practical man before 
giving a binding price. The prices quoted are 
those below which it is impossible to expect 
good and reliable work. 

Birds. 

■. d. 

Stuffing small birds, without case, up 
to the size of a linnet, goldfinch, or 
canary . . . . . . . . 2 0 

Size up to pigeon 4 0 

Size up to grouse 6 0 

Size up to pheasant . . . . . . 8 0 

Double this for the cost of the bird mounted in 
plain case. 

Fresh Water Fish. 

Flat Bent 


fflass case. 

tflass case. 

£ 8. d. 

£ 

8. 

<1. 

Weight 1 lb 12 0 

, , 

14 

0 

„ 21b. .. .. 14 0 

, , 

16 

0 

„ 31b. .. .. 16 0 

.. 1 

0 

0 

„ 41b 18 0 

.. 1 

5 

0 

„ 61b. .. ..100 

.. 1 

8 

0 

Animals. 


£ 

«. 

d. 

Squirrels, without case 

, , 

5 

0 

Rabbits „ 


10 

0 

Foxes „ 

.. 2 

0 

0 

Double this for casing. 

Fox’s head only, on shield 
tt brush, wi^ handle 


18 

0 


5 

0 

Fallow deer’s head ; . 

.. 2 

0 

0 

Red deer’s head 

.. 3 

10 

0 
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Dressmg skin pf rabbit . • . • 9 

„ „ fox 3 6 

„ „ deer 10 0 

„ „ tiger or lion . . . . 10 0 

Tiger or lion, with head stuffed and 

eyes inserted, lined and bordered 

with felt 3 0 0 

Aids to Selling. A photographic album 
of finished specimens is of great value to con- 
vey an idea of the best way of treating them, 
and will save room, etc., the dealer not re- 
quiring to have the objects themselves at hand. 
This is especially valuable with respect to the 
mounting of horses’, rhinoceros’ and hippo- 
potamus^ hoofs and feet, which are sometimes 
mounted in silver, copper, and brass, as 
inkstands, cigar, cigarette and tobacco boxes, 
candlesticks, trinket boxes, paperweights and 
doorstops. Elephants’ feet are also made into 
workboxes, flower-stands, footstools, umbrella- 
stands, and liqueur stands. 

Foxes’, hares’, and otters’ feet (or pads, as 
they are called in the trade) ore mounted as 
paper-knives, letter clips, whip handles. Deer’s 
hoofs, with part of the leg included, can be 
mounted as whip handles and hat pegs; a 
set of four makes a handsome candelabrum. 
Various animals’ ^ils are utilised as whisks and 
brushes. 

Opening Businesa. Established in a 
town, a port in preference, the beginner would, 
by judicious advertisement, get into touch with 
the sporting community, with whom his busi- 
ness mostly lies. 

The naturalist should be able to use rod, 
rifle, and shot-gun ; and if required to accom- 
pany his customers qp an expedition for big 
game, etc,, the opportunities for observation, 
making notes and sketches on the spot, some- 
times from life or at all times from fresh-killed 
specimens, are invaluable. It is quite ex- 
ceptional for sportsmen to take an experienced 
man with them, and consequently many a 
valuable specimen is spoilt by having the 
skin literally tom off by the natives and roughly 
dried, taking its chance of hundreds of de- 
structive insects and risks of injudicious 
packing making it valueless for scientific 
purposes, as, if mounted, it must be repaired 
and faked to make it presentable. For a 
business of this description premises with a 
shopfront are not necessary. 

Workshop. A lofty, well-ventilated work- 
shop with a large stove, water supply and a 
large sink is necessary. The shop should be 
big enough to accommodate the largest 
animals and leave room to manipulate them. 
A convenient size is about 50 ft. long by 20 ft. 
wide, with doors 15 ft. hi^ by 8 ft. wide. 

The tools required are described in the article 
on practical taxidermy. To learn the trade a 
start must be made very young. The Ix^ must 
show a decided interest in natural history, and 
have grit to endure the many unpleasant pro- 
cesses and difficulties connect^ with it. 

Apprenticeship is not universal in the trade, 
the boy usually starting at die bottom of the 



ladder, making himBelf generally useful (or 
jplerhaps otberrae) for a small wage, and work- 
mg up. 

The salar 3 ^ for a first-class man is not likely to 
elcoeed £3 per week, but if thoroughly scientific 
and well versed in the requirements of museums, 
a more lucrative appointment may bo obtained. 

NEWSAGENTS 

In the present siate of society the newsagent 
18 as essentially a part of modern life as the 
printer and the reporter, and there should bo no 
difficulty in anyone with the ambition of becom- 
ing a disseminator of news finding a suitable 
sphere for his activities. 

The amount of capital required to start 
depends entirely on the ideas of the beginner. 
For instance, ho may select a stand in a 
busy thoroughfare, or a pitch near a railway 
station, where a constant stream of men passes 
morning and evening, fi.nd, with the expenditure 
of a few shillings, obtain and dispose of a supply 
of the morning and evening papers. Or ho may 
ally himself with one particular newspaper, and 
obtain from the manager a district, which he is 
expected to work for all that it is worth. The 
latter class are familiarly known as “ hawkers,” 
and some people are squeamish about venturing on 
such a course. A good wage, however, is usually 
made right away, and there are no ex|)ense8 to 
come off. Wc have known many a splendid 
business built up from just such beginnings, the 
initiative and alertness demanded in this line 
being an excellent training for future and more 
(‘xtended operations. 

The Shopkeeper Neweagent. Pre> 
Burning, however, that the aspiremt wishes to 
blossom forth at once as a shopkeeper, one of 
two courses is open to him : first, to acquire a 
business which, for some reason or other, has 
come into the market ; or, secondly, to select a 
shop, preferably in some busy thoroughfare. W ith 
regard to the former course, that of acquiring a 
business as a going concern, the utmost caution 
must be exercised by the buyer, as frequently, 
despite the specious reasons given by the seller, 
those businesses which come into the market 
are either suffering from “ dry rot,” or have got 
into the sere and yellow leaf. Assuming that 
the business is acquired, the first thing to do is to 
notify the chsuage to the customers and wholesale 
merchants of your predecessor. This is generally 
done by joint circular and advertisement. Then 
call a clearing sale, and get rid, at any cost, of 
the old stock. 

The New Bueineee. In regard to the 
opening of an entirely new business, the choice 
of a line to be run along with the news agency 
will lie entirely with the beginner. We are 
concerned at present with the newspaper trade 
only. An advertisement should be inserted in 
the newspapers oirculating in the vieinity, 
and a neat circular drawn up and addressed 
to likely parties in the neighbourhood. Do 
not f grudge expense in advertising; ; money 
tudiciously spent thus is a good investment. 
It is a wise thing to make a i^stematic 
canvass of the district in which the shop is 


tsioragspiMO 

situated and, if possible, to obtain orders for the 
permanent delivery of the morning and evening 
newspapers, magazines, etc. 

Buying Terms, Where possible, it is 
always well to deal direct ; but any good 
wholesale house will bo pleased to quote terms. 
As a rule, 26 per cent, is allowed off the 
ordinary penny and halfpenny papers. On 

t iav> V sav' tv i. mny get » .1. 
on others he will be pillowed less. Of course, lie 
will not get those terms for the sixpenny weeklies, 
and some of them will cost him 5}d. plus the 
carriage. It ib obvious, therefore, that tnese are 
not a source of profit directly. In fact, when 
carriage is considered, to say nothing of delivery, 
the balance is decidedly on the wrong side of the 
ledger. As p rule, newsagents who know their 
business supply the sixpenny weeklies only to 
customers for other newspapers or magazines. 
Pending better terms, it might bo wise policy to 
leave them severely alone. The same remark 
applies to special editions of ** trade ” papers, 
\vl\ich are issued at certain seasons. It is a good 
maxim in business to ” Let every herring hang 
by its own head.” 

Accounts have usually to bo paid monthly ; 
but unless good security is given, the beginner 
must jiay cash in advance. As to the class of 
nowspaiiers wp^nted, that will depend to a largo 
extent on the locality in which the shop has been 
opened, and the common-sense of the newsagent 
must here, as always, come into play. For 
instance, if the shop bo in the vicinity of a 
school, a good trade may be done m the 
excellent juvenile literature which is now so 
plentiful. 

The Shop. In order to attract, and what 
is of equal importance, to retain, customers, tho 
shop should have a neat and tidy appearance. 
The papers should be arranged nee.tly on the 
counter, so that the visitor may easily read their 
titles. A judicious display of show-bills and neat 
cards may be used witli acfvantage. The windows 
should be an index of the shop, and have an 
attractive p.nd inviting ap|)earance. They should 
be frequently chp>ngea, and on no account should 
the announcement of a (hristmas publication 
be allowed to hang till Easter, nor the advertise- 
ment of a Summer Number stare one in the face 
at Christmas. There is nothing more repellent 
and detrimental to business than badly-dressed 
windows. They give one the idea of untidiness 
and unpunctuafity on the part of the shopkeeper 
— tw’o fatal defects in any business. 

The newsagent who is alive will take advantage 
of the ptentiful supply of literature which is 
freely offered to push the sale of forthcoming 
newspapers and periodicals, or to give a fillip to 
those already in the market. 

What to Sell. Quito a -good trade may 
be done in the sale of cheap reprints of standara 
works, and in magazines and periodicals. 
This is considered a perfectly legitimate part of 
the newsagent's business. An excellent feature 
of this mss of literature is the increasing 
number of publications which ate now being 
issued at net prices, and whkh, as a rule, yield a 
profit of 15 per cent. This is fair alike to the 
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public and to those who handle the goods. The 
purchaser knows that he is paying the market 
price, while under the discount system he may 
pay ninepence in one place, tenpence in another, 
and if he buys at a railway l^okstall, the full 
price of a shilling. 

Special editions of the illustrated papers, 
issued in connection with great national events 
and at Christmas, are now recognised institu- 
tions, as are also the double numbers of magazines 
and other periodicals. In these the alert news- 
asent may usually do a good stroke of business. 
If he is wise, however, he will take full advantage 
of the advertising matter issued by the publishers 
and book his orders beforehand. This, of course, 
means the expenditure of a good deal of time, 
and also money ; but it will pay. He will do 
well to limit his supply as nearly as possible to 
the orders which he h^ received. That is until 
he Imows his district thoroughly, and even then 
he should be guided to a large extent by this rule ; 
because even old and experienced dealers have 
again and again been bitten by laying in a heavy 
stock of “ special numbers in anticipation of 
the big rush which never came off. 

Returns. The question of returns ** should 
be very carefuUy considered by the newsagent. 
On a number of newspapers and magazines a 
certain percentage of “ returns * ’ is allowed. This 
enables the shopkeeper to stock these publications 
without running the risk of heavy loss. Of 
course, it is not fair to abuse the privilege 
which is thus given by the publishers of these 
periodicals, etc. The newspaper list should be 
carefully gone over every week, and scrutinised, 
and returns” reduced to a minimum. All 
non-returnable newspamrs left over should be 
relentlessly cut off, and no papers kept ex^t 
those for which there are definite orders. The 
same remark '^th equal force to the 

magazine list. This must be kept steadily in 
view unless profits are to be reduced altogether 
to the vanishing point. An old newspaper or 
magazine is generally of as much value as, say, 
last year's almanac. The newsagent must pay 
the carriage on his ” returns.” Some publishers 
are now accepting the headings of old news, 
papers in lieu of the newspapers themselves- 
thus saving the newsvendor we carriage charge. 

Profits. The question “What profit can 
be made ? ” is the most important of all. In 
arriving at a satisfactory answer there are a 

r d many points which must be considered. 

course, the first is the price at which goods 
may be obtained. As already indicated, 25 per 
cent, is allowed off the ordinaiy penny and half- 
penny newspapers ; some publiwers allow a little 
more, while a considerable number allow only 
about 15 per cent., and in the ease of the six- 
penny weeklies, most of the publishers allow 
only 7]^ per cent. Put it down at say 20 per 
cent, on newspapers over all. Taking net and 
non-net magazines together, say 10 per cent. 
How, let us take a business turning over, say, 
£600 a year, £500 of which is newspapers and 
£100 magazines and other perioaicals. We 
have thus a gross profit of £110. Let us see 
what expenses have tp come off. 
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Daliwery. Take first the cost of delivery ; 
and with the advent of the halfpenny paper, 
the question of delivery *has come to be a 
serious matter, because the newsagent has to pay 
the same for delivering a halfpenny paper 
as he has for delivering a penny one, while 
his profit is only one-half. Then, as districts 
are often widely scattered, and distances 
at which the papers have to be delivered 
considerable, this necessitates a number of 
errand boys. If lOs. a week— that is, £26 a 
year — be allowed for these, the estimate is 
moderate ; a girl to attend the shop and look 
after the books, say another £26 a year. 

Then carriage is a very heavy item. On 
a business such as we have supposed, it would 
amount to no less than £12 a year. There is 
thus left the sum of £46 to pay the newsagent’s 
own wages, rent, taxes, light, and fuel, to say 
nothing of postages, advertising, and leakages. 
Not much prospect there of soon amassing 
a princely fortune. It may bo pointed out 
that in the large touns, where there is a 
wholesale house, the newsagent is in a much 
better position than his brotnor in the country, 
in respect that he has no carriage to pay ; 
and the bigger the town the better prospect 
there is of a larger cash trade being done. 
On the other hand, however, to balance this, 
the rent in the metropolis and other large cities 
is much higher than in provincial towns. 

Charge* for Delivery. In the good old 
days when the customer was content to wait 
the pleasure of the newsagent in delivering 
his paper, something might have been, and 
no doubt was, made at the business. Now, 
when every customer wants his morning or 
evening paper as soon as it is published, or 
immediately after the arrival of the train, it 
comes to be a question, unless delivery is charged 
for, whether the game is worth the candle. 

A good many towns in England, and a number 
of Scottish towns have adopted the charge for 
delivery, and the arrangement has worked well. 
It might, therefore, be advisable for the news- 
agents throughout the country to take the matter 
up and devise means by which concerted action 
might be taken. It is more than likely that the 
public would at once fall in with the suggestion. 
Mon like and expect to be paid for their own 
work, and do not, as a rule, object to those who 
work for them receiving a fair wage. 

Work of the Newsagent. Anyone going 
in for the newsvendor business must make up 
his mind for a life of hard work and strenuous 
endeavour. It is not the line for the Tired 
Tims and Weary WilHes. To do the work 
thorou^ly he must be up early and work 
late. He must go to the publishing offices 
or attend the arrival of the early morning 
trains himself and see that his army of 
boys are all forward and supplied with the 
papers for their various districts ; and, in 
the event of one or more not turning up, 
he must arrange for others to take their 
places — a rather difficult matter. The morning 
papers must all be delivered bedore break- 
fast, or before business men go to -their bffioes. 
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The echoes of the machinery which produced the 
morning papers have hardly died away when 
the wh5 of the presses throwing off the evening 
papers is heard. The earliest editions of the 
evening papers are out before midday ; and 
edition after edition, including Special and 
Football, is poured forth until late in the evening. 
This goes on day after day without intermission 
from January to December. There is no 
business in which there are more worries and 
petty annoyances. The newsagent will have 
much to try his temper, and while avoiding 
servility on tho one hand will find the business 
of the newsagent an excellent school for culti- 
vating tho virtues of pat'enco and courtesy, 
without which ho will inevitably fail. 

The Colonial Newsagent* In tho 
('olonies, and notably Canada, the newsagonf s 
business is a much more lucrative one than 
it is in the old country. This is true* espe- 
cially of the western provinces, . . 

where the coin unit is 5 cents. M 

Although the face value of a nows- W 

paper is one cent, it cannot bo 19 

bought for that price. Of course, 4ji'j|| , W 

if delivered by the publishers the 
face value only is charged ; but 
if a one cont newspaper be bought 
on the street, or in a shop, the | ||| ||^n| 
charge is 5 cents — the Irishman’s ii | | 

modest 5 per cent, profit. Even |il| | l|||9H||l 
in the west, however, the spirit of i 
competition is developing, and the 
newsbojm are beginning to cut 
the price. 'I ho visitor will 
be not a little amused when 
accosted by the pushful youngster ' |||||jj|j^ 
to buy tho evening paper, and ,i[j||||||lL 
as a special inducement is offered ili'l || i||ir' 
“two for five.” Until recently jj||l')l|jj|M 
the rate at which newspapers 'llfl liiilF 
were supplied to the newsagents I 
was two copies for one cent. 

Lately, however, in April, 1906, 

the proprietors, who did not see 

tho fun of all tho profit going qil-pi Mr A" 

one way, raised the price to one 

cent per copy, which still leaves, 

at five cents a copy, or even “ two for five,” a 

handsome profit to the newsagent. 

OIL AND COLOURMEN 

In the days of home-made tallow candles, 
“farthing dins,” and ’a’penny rushlights, the 
tallow-chandler frequently carried on a distinct 
trade, his wares being mainly candles and soap. 
In his minute investigation of London trades. 


Mr. Charles Booth found this calling no longer in 
separate existence; the soap and candles are 
now sold by the grocer or the oilman. The oilman 
himself, who once dealt mainly in paints and 
paint oils, now sells illuminating oils, paints and 
paint oils, brushes, varnish, baskets, lamps, 
ctmdles, soap, and also, very commonly, tinned 
and potted goods, which cannot be injured, like 
groceries or ^visions, from shop contact with 
the more odoriferous go<^. Ironmongery, garden 
tools, china and glm, mats, buckets, brooms, 


grocers’ sundries— it would be a long list that ex- 
hausted the goods conjoined in modern oil-shops in 
London and elsewhere. The “ IWtical Grocer ” 
(Gresham Publishing Company) devotes several 
chapters to the oilman and tho goods he deals in. 

Starting In Business. A capital of 
about £200 should bo sufficient, if the beginner is 
a practical man. Tho choice of stock will depend 
a good deal upon tho ascortained needs of tho 
neighbourhood, but an oilman’s stock is always 
of a highly miscellaneous character. It is usually 
found tho best plan to specialise in one or two 
particular departments of tho business, and in 
those to carry as far as possible a completely 
representative stock ; although in buying suen 
stock tlie beginner with limited capital must 
not forget that some small items may have 
to lie in stock for a long time before being 
asked for by customers. All such goods should 
therefore bear a high profit. 

Oil Licence. A preliminary 
question is whether or not a licence 
will be required under the Petro- 
, leum Acts. This depends upon 

whether or not tho oil sold has a 
“ flash-point ” below 73°F. “ Potro- 
BiC leum,” in the meaning of the 

Petroleum Acts, is rock oil, 
Rangoon oil, Burmah oil, oil 
made from petroleum, coal, schist, 
shale*, peat, or other bituminous 
substance, and any other product 
of petroleum, or any of the above- 
mentioned oils, which, when tested 
mylllllll I in a prescribed manner, gives off a 
I j| vapour inflammable at a tempera- 
I staU'd. Oil for 

■^■||| I ^ ourning in lamps ought never to 
flash at a temperature less than 
73°P„ otherwise it is too dangerous 
for ordinary use. Therefore the oil 
usually sold is not subject to tho 
Petroleum Acts, and its sale 
necessitates no licenct* Petroleum 
^ spirit, benzine, petroleum ether, 

oiL-r. Mr AND MEASUBIKO ««<! similar artioK come under 
iratus ^ stored, trans- 

ported, or sold only under licence 
from the local authority. Carbide* of calcium, 
used for making acetylene, etc., needs a licence; if 
more than five poun^ be kept, and this quantity 
must be in separate sealea metal vessels, each 
containing not more than one pound. Methy- 
lated spirit needs a special licence, must be sold 
in bottles marked with its name, and must not 
be sold between 10 p.m. on Saturday and 8 a.m 
on the Monday following. Fireworks come 
under the Explosives Act, and shops whore they 
are sold have to be registered [see Gun and 
Ammunition Dealers] ; they must not be sold 
to children under thirteen. 

Storage* The storage of tho oil is tho 
chief matter in an oil-shop. The safest plan is 
to have an underground tank, capable of holding 
150 gallons or 2M gallons, in the yard outside 
the ^p, the oil tx^ng carried from it into tho 
shop by a pipe under the floor, which supplies 
a kind of ** engine ” or pump, with a measuring 

4050 



moraWfMiW 

siphon. The metal tank ehould be hennetieallv^ is an article that has involved oilmen in trouble, 
elosed, with the exception of an air-hole, which' ow^ to its adultera^dn with Glauber salts— 
should covered wiUi very fine oopror wire which won’t wash.” The leading firms are 
gauze. If it is not possible to have tne tank usually willing to analyse doubtful samples, 
outside the shop, it may be placed in the cellar, Oll«nhop Sundries* These include a 

providing there is ventilation. The acoom- bewildering variety of such goods as metal 
panying illustration shows an arrangement by polishes, boot polishes, blacklead, bathbriok, 
which oil may be drawn from a tank in the furniture polishes, inks, blues, cements, glue, 
cellar into a measuring cylinder, which shows size, ote. Oilmen often have such article'^ 
the quantity, and allows sales to be made with- made and put up for themselves. Many useful 
out handling measure or filler. Turpentine is recipes will be found in the “ Practical Grocer,” 
usually kept in metal drums. Vegetable oils already named, and in ” Law’s Grocer’s Manual ” 
should be kept in a cool place, and covered. (Gilbert and Bivington, Ltd.) ; while a number 

Such goods as matches may be stored on shelves, of collections of the kind are issued by the pro- 
but keep them well away from the gas-jets or prietors of the “ Oil and Colourman ” and 
other li^ts. Candles should not be placed on Oils, Colours, and Drysalteries.” 

the upper shelves — ^these are likely to be the Staff. Managers of branches in London 

hottest part of the shop. A stand or an enclosed e^fpect about 30s. per week salary and rooms 
glass show-case may be used for displaying for branch doing a week ; 35s. for shop 
long-handled brooms and brushes. Small wares doing £20 to £30 ; 40 b. for shop doing £30 
can be kept in drawers or boxes, arranged so to £50 ; above this per cent, extra. The 
as to classify them conveniently: Very often trages of assistants are usually: First hands, 
they can be kept in parcels, to save deteriora- 25s. to 30s. ; second hands, 21s. to 258. ; 
tion. On the top of each drawer or box put a porters, 208. ; boys, lOs. a week. A little 
card indicating the contents. It should be extra is sometimes given as good-conduct 
not^ that when edible goods are stocked they pay if all orders are delivered in reasonable 
should be kept away from others the smell of time and without complaints from customers, 
which may affect them. Pickles and curry In some instances the rules specify : Shops opened 
powder in bottles are best not exposed in at 8 a.m., closed 9 p.m. : Thursdays, 2 p.m. ; 
windows, the contents being affected by the Saturda}^, 10 p.m. ; branches have check tills, 
light. Note also that such goods as whiting and the manager is responsible for the takings, 
draw moisture when in x>&por parcels, and not with a percentage on net profits; managers, assist- 
in bags ; while others, like washing soda, ants and boys wear white coats and aprons, and 
evirate. boys sometimes have caps with the proprietor’s 

Cautions In Trading. In view of the name upon them. Managers render an account 
requirements of the law, it is well to bear in mind once a week of takings, expenses, and goods 

that oils and other goods are sometimes adul- received and returned. Yard and cellars are 

terated, so that the retailer handling them cleaned and trucks washed weekly, 
may incur risk quite innocently. Particular Proprietary Goods. It may be useful 

care is necessary in seeing that oils intended for to the beginner to note that, if he has not suffi- 
oonsumption as food, or with food, arc vegetable, cient practical knowledge of such departments as 
and not to any extent mixed with mineral oils, paints to handle material in bulk, he may still 
A guarantee of genuineness should therefore make a fair show, so many articles dealt in by 
always be insisted upon when buying such oils, the oilman and grocer being nOw put up by 

If sweet ” oil be asked for, mineral oil must the manufacturer as proprietaiy articles, ready 

on no account be supplied. If ” olive ” oil pocketed or canned, with full directions for 
be demanded, cotton-seed oil will not serve as a use. The number of such proprietary goods 
substitute. If the retailer is at all doubtful included in the list of some retail stores literally 
of the genuineness of his ** olive ” oil, he should runs into thousands. Soaps, candles, ready- 
seirit only as salad ” oil, or he may be caught mixed paints, oils, matches, blacking, and similar 
when he least expects it. In regard to vinegar, sundries, firelighters, screws, tacks, pickles — it 
again, if ** malt vinegar be asked for, malt is difficult rather to say what is not packed than 
vinegar must be supplied, and not acetic acid what is. Moreover, the retailer may himself 
or wood vinegar. Note that tinned goods are apt possess proprietajy brands if he chooses, a number 
to deteriorate sometimes, although when properly of firms laying themselves out for this class of 
prepared they may keep for years unaltered., business. Ne^less to s^, the profits on proprie- 
Stock of this kind shoula be carefully inspected tary articles not the retailer’s own brands are 
at regular intervals for the disoovexy of ** blown ” commonly exiguous, and with many of them 
or puffed-out tins, this puffing being the result there is no sxnall trouble, owing to the various 
of the formation of gas from the decomposition schemes of present-giving, coupon distribution, 
of the contents. It goes without saying that and so on, which are adopted by the proprietors 
'such tins should be immediately withdrawn from to push tl^ir goods with the public aiad create a 
the stock ; indeed, it is not safe to keep them on demand which almost compels the retailers to 
the premises, since discovery by an inspector would stock them. A large number of the most 
involve the retailer in appearance before the important, however, are now protected by ^e 
magistrate to answer a charge of having unsound FVoprietaiy Articles Trade Association, which, 
food in his ^[Kwsession. Washing soda, again, secures to the retailer his fair profit. 

Continued 
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A MERIC A, or the New World, consists of two 
^ great ^leninsulas — North America (8,000,000 
sq. miles) and Soutli America (7,000,000 sq. 
miles), united by the long, narrow isthmus of 
Central America. 

NORTH AMERICA 


At the Isthmus of Tehuantepec, which may be 
taken as the southern limit of North America, the 
distance across is 130 miles. Rather less than 
4,000 miles due north is Cape Murchison, the 
most northerly point of the mainland. The 
maximum breadth of the continent is about the 
same. The whole of the north, except Alaska, is 
British, forming the self-governing colonies of 
Canada and Newfotindland. South of (knada is 
the Republic of the Unit#*d States, to which 
belongs Alaska. »South of the United States 
is the Republic of Mexico. 

Oceana, Seaa, and Gulfa. Tlic northern 
shores are washed by the Arctic Ocean, the 
western by the Pacific, and the eastern by the 
Atlantic. An archipt'lago of islands stretches 
across the Arctic Ocean north towards the Pole, 
and east towards Greenland, wliich is separated 
by BafHn Bay from the North American main- 
land. In the extrqjme north-west, America is less 
than 40 miles distant from Asia across Behring 
Strait. The Aleutian Islands, off Alaska, con- 
tinue the island fringe of Eastern Asia. 

llie coast of Nortli America is much indented. 
On the Atlantic coast, which has marginal low- 
lands, are (1) Hudson Bay ; (2) the Gulf of the 
St. Lawrence, entered north or south of the 
island of Newfoundland, and leading to the 
great Jakes of Ontario, Eric, Huron, Michigan, 
and Superior ; (3) the Gulf of Mexico. Th< 
latter, with the Caribbean Sea, which is almost 
cut off by the island of Cuba, is sometimes called 
the American Mediterranean. The islands which 
define its eastern limits are the West Indies. 
Let us look out all these on a map, and notice 
the names of the straits leading to them. On 
the Pacific coast, which is bordered by high 
mountains, there are fiords in the north like those 
of Western Scotland or Nomay in the north- 
west. In the south is the Gulf of California, the 
largest gulf on the Pacific coast. It may be 
contrasted with the Atlantic gulfs. 

Mountains. Hie highlands and lowlands 
of America are arranjged in parallel belts. Along 
the whole length oi the Pacific coast runs a 
oontinuouB belt of broad high mountains, 
sometimes called the Cordilleras, l^ese sink 
in the east to a broad, rolling plain, which 
extends from the Arctic Ocean to the Gulf of 
Mexico. Two breaks occur in its surface# which 
elsewhere slopes imperceptibly but uniformly 
from west to east. The first of these is the 


region west of Lake Superior. Though nowhere 
over 2,000 ft. high, it gives rise to the St. 
Lawrence, flowing due east to its gulf ; the 
Mississippi, which flows almost duo soutli across 
, the central lowland to the gulf ; and the Red 
River, >vhich flows north to Lake Winnipeg. The 
second is the Ozark Mountains, which separate 
two of the parallel tributaries of the Mississippi 
which rise m the east. In the east the Central 
Lowland gradually rises to the Atlantic or 
Eastern Highlands, which, under various local 
names and with some bi’eaks, can bo traced from 
Hudson Bay almost to the Gulf. North of the 
St. Lawrence they arc known as the Labrador 
Highlands, south of the St. Lawrence as the 
Appalachian Highlands. These highlands fall 
steeply on the oast to the Atlantic lowland, which 
widens towards the south, and is connected round 
the south of the Appalachians with the central 
lowlands, there forming what is often called the 
Gulf Coastal Plain. 

Rivers. From this nn*angement of high- 
lands and lowlands it follows that wo shall have 
a series of (1) short rivers flowing west to tlie 
Pacific ; (2) long rivers from the eastern slopes 
of the western mountains, flowing east or south ; 
(3) long rivers from the gentler west slopes of 
the Appalachians; flowing west ; and (4) short 
Atlantic rivers from the steep eastern slopes of 
the Appalachians. Tlie rivers fiom the central 
heights have already been named. 

Tlie longet't ot the Pacific rivers flow for con- 
siderable* distances parallel to the mountain 
chains. Of thesi*, the chief arc the Yukon, 
flowing to Behring Strait in a long, narrow valley 
parallel to the coast ; the Fraser and Snake- 
C'oJumbia, flowing to the Pacific from the central 
region of the western mountains ; and the 
Colorado, flowing to the Gulf of C^alifomia. 

Hie northernmost of the long rivers flowing 
east is the Mackenzie, flowing with a course 
nearly parallel to that of the Yukon through 
Athabasca, Great Slave and Great Bear lakes 
to the Arctic Ocean. Parallel to its upper valley 
are those of the Saskatchewan, which flows east 
to Lake Winnipeg, and thence, as the Nelson, to 
Hudson Bay, ana those of the great rivers which 
flow east to the Missihsippi, the Missouri, Platte, 
Arkansas, and Red River. The Mississippi also 
receives the waters of long west-flowing rivers 
from the eastern AppaL^hians, which are 
gathered up and carried to it by the Ohio. Of the 
short, rapid rivers of the Atlantic seaboard the 
most important are the Connecticut, Hudson, 
Delaware, Jam(*s, Potomac, Busquehonna, and 
Alabama. 

£ue of Water CommuAlcatlon. No 

other continent has such admirable facilities for 
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water communication. North America is covered 
by a .network of lakes -and rivers, separated by 
inconsiderable distances, permitting easy water 
communication in all directions. The Great 
Lakes, with the St. Lawrence, open up the very 
heart of the continent. Lake Erie is quite near 
the Ohio tributary of the Mississippi. Lake 
Superior is even nearer to (1) the WinnipCg- 
Nelson system of lakes and rivers ; and (2) the 
Mississippi. A very short canal thus gives through 
communication between the Gulf of St. Lawrence 
and the Gulf of Mexico. The source of the 
Mississippi is ‘only a few miles distant from 
that of the Winnipeg or Northern Red River, and 
the three systems, St. Lawrence, Northern Red 
River, Nelson, and Mississippi may almost be 
regarded as one great system, linking toother 
the three great Atlantic gulfs. The Mackenzie 
is easily reached from the Saskatchewan, thus 
giving access to the Arctic Ocean ; but as it is 
frozen for man^ months of the year, this is of 
little practical importance. 

The Western Mountain System. It 
is impossible in our limited space to study this 

S eat system in detail. In tue east, the lofty 
ocky Mountains rise steeply from the plains. 
West of these are a series of plateaux, or basins, 
and west of these again another series of ranges, 
locally known under different names. An outer 
coastal range is less well marked, but can be 
traced on the mainland and bordering islands. 

The basin of the Yukon is separate from the 
Mackenzie by spurs of the Rookies. West and 
south of the valley are two parallel volcanic 
ranges, the northern forming the mountains 
of Alaska, which are connected through the 
Aleutian Islands with the volcanic highlands of 
East Asia. Mount McKinley is the hiraest point 
in North America north of the Yukon. The 
southern range is a labyrinth of glacier-filled 
valleys and snow peaks rising precipitously 
from the sea, the highest being St. Elias (18,000 
ft.) and Logan (19,700 ft.). Over the wild 
southern mountain chain difficult passes, closed 
by snow for many months, lead to the gold- 
mining districts of Klondike and other centres in 
the Yukon basin. 

British Columbia. British Columbia is 
a high, rugged plateau enclosed between the 
Rockies on the east and the Northern Cascades 
on the west. Bevond the Cascades a coastal 
range appears in the islands of Queen Charlotte 
and Vancouver. Where they are crossed by 
the Canadian Pacific Railway the Rockies 
are a broad system, consisting of the Summit, 
Selkirk, and Gold ranges. These parallel ranges 
are separated bv lon^ valleys in which flow 
the tributaries of the nvers running west. The 
easternmost or Summit range of the Rockies 
rises in sheer cliffs or escarpments above the 
plains, towering tq> in rock walls 3,000 or 
5,000 ft. high. The highest summit. Mount 
Columbia (14,000 ft.), overlooks the sources 
of the Athabasca, flowing to the Mackenzie, the 
Saskatchewan, flowing to Hudson Bay, and the 
Fraser and Columbia, flowing to the Pacific. 
Many peaks rise to 12,000 ft., and vast glaciers 
and snowfields feed the rivers. The forests are 
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much thinner than in the Selkirks, whose fine 
combinatioa of foi^est, glacier, and spow peak 
has earned the title of the Switzerland of 
America. The. Gold and Cascade ranges are 
lower, and forested almost to their summits. 
Across these ranges, which presented groat 
difficulties to the railway engineers, the rivers 
have out deep, gloomy cafions in Vhich a raging 
river boils along at the base of perpendicularly 
steep walls 6t rock. 

. Western Mountain# of the United 

States. The Rockies and Cascades continue 
south into the tJnited States, diverging as they 
go. The Rookies become an intricate syBlcm 
of parallel ranges, which enclose high intermont 
valleys, locally called parks. They form the con- 
tinental divide between the Atlantic and Pacific 
rivers. Within a relatively small area are the 
somces of the Missouri and Yellowstone tribu- 
taries of the Mississippi, the Snake tributary of 
the Columbia, the Green and Grand head streams 
of the Colorado, and the Rio Grande del Norte. 
There are spots on the Divide where the sources 
of two streams, one flowing to the Atlantic, the 
other to the Pacific, are hardly 200 yards apart. 

The Yellowstone Park. Ilie finest of 
these parks, set apart for national enjoyment, is 
the Yellowstone Park, some 75 miles square, 
situated on the Great Divide, about 7,000 ft. 
above the sea. Surrounded by an amphitheatre 
of mountains, and containing magnificent cas- 
cades, beautiful lakes, many geysers, hot springs, 
and wonderful coloured sinter terraces, it forms 
a natural museum unique in the world. 

For surpassing ever^hing else in beauty is 
the Yellowstone Caflon, into which the river 
falls over the famous Yellowstone Falls. In 
places the walls of the caflon are 1,500 ft. high, 
while the width of the chasm is only half a mile. 
It has been out down by the river through pale 
yellow or pinkish rocks, and the rooks do not 
weather uniformly. All along the caflon walls 
the harder parts project in a series of massive 
fretted buttresses and jagged pinnacles of the 
most fantastic shapes. '*The whole gorge is 
painted in the most brilliant hues, from pale 
lemon yellow to deep orange, streaked with 
warm vermilion, crimson and purple, which, 
mingling with riie deep peen of the pines that 
clothe the brink of the chasm make up a picture 
of transcendent beauty.” 

Somewhat similar caflons are cut by the 
rivers south of the Yellowstone, where Long’s 
Peak and Pike’s Peak are both over 14,000 ft. 

Idaho, Utah and Colorado. West of 
the Rockies lies the lava desert of Southern 
Idaho, cloven by the deep gorges of the Snake 
and Columbia Rivers. In their descent they pass 
over many falls, of which the Soshone Falls 
of the Snaxe are the finest. South of the Snake 
is the Great Basin, a district as large as France, 
whose waters flow to the Great Salt Lake, 
and other .basins without an outlet. The 
surface is covered with short ranges of tilted 
block mountains, varied in colohr and bare 
of vegetation. , Between these are wide valleys 
oovei^ with d^ scrub, or with nibrates and 
other alkaline deposits. . Under irrigat|oa the 
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soil is very fertile, and the region round Salt the Sierra Nevada, the country becomes a desert, 

Lake City is a veritable garden. ITie Wahsatch where such names as Death Valley, a region of 

Mountains separate the Great Basin from the enormous mineral wealth, tell their own sinister 

Colorado plateau to the east. This remon tale. It is a land of burning sands, weird, 

consists of high arid plateaux, above which distorted^cactus vegetation, mirage and thirst, 

rise table-shaped mesas, or steep-sided pinnacle- The Weatern Rampart. The western 
shap^ buttes. The Colorado and its tributaries rampart of these vast plateaux and basins is 

flow in cations similar to that of the Yellowstone formed by the Southern Cascades, the Pacifle 

but on an infinitely vaster scale. Tlie Marble slop^ of which arc densely forested. By inter- 

Cafion in the Painted Desert of Arizona, and the cepting the rainy winds they produce the arid con* 

Grand Cation of the lower Colorado, 300 miles ditions just described. Of many volcanic cones the 

long and in places a mile deep, are the most finest are Tacoma, Hood, and Shasta (14,500 ft.), 

wonderful. Iliis extraordinaty region long beyond which the s^tem is continued south 

bafflod exploration, and is still imperfectly by the Sierra Nevada. Across the Southern 

known. All these regions arc *arid, and bare of Cascades there is only one natural route, the 

vegetation. West of the Colorado, in the lee of gorge of the Columbia, which cuts its way to 
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tlie sea between great basaltic cliffs in places 
2,000 ft. hi|^. The Sierra Nevada contains many 
peaks over ISCOOO ft., whose snowy summits 
have suggested its name. Hidden l^tween its 
parallel ranges is the Yosemite Valley, one of 
the beauty spots of the world. It is enclosed 
between rock walls of stupendous height, over 
which the rivers leap in magnificent cascades, 
the wonderful panorama of crag, forest, and 
cascade being mirrored in the lovely lal^ of 
the valley floor. Between the Cascades and the 
Coast ranm is the fertile Willamette valley of 
Oregon, wnose northern extremity forms F^get 
Sound. Between the Sierra Nevada and the 
Coast range is the rich valley of California, 
drained by the Sacramento. 

In Mexico, the Rocky Mountains are continued 
by the east^, and the Sierra Nevada by the 
western Sierra Madre. These form the margins 
of the Mexican plateau, which rises to the south, 
where the Sierras converge to a great volcanic 
chain, containing many bfty snow-clad active 
and extinct volcanoes. The highest are Popo' 
catepetl and Orizaba (18,000 ft.). Beyond this 
the mountains sink gradually to the Isthmus of 
Tehuantepec, which is less tLin 500 ft. high. 

The Great Plain*. The central plains 
of North America extend from the Arctic to the 
Gulf of Mexico. In the extreme north they are a 
tundra region, covered by a network of lakes. 
This passes at the south into forests, and these 
in turn into grasslands. In the United 
States the eastern forests have been largely 
cleared, and rolling treeless prairies form a 
monotonous landscape. Some unfertile tracts 
occur, such as the B^ Lands of South Dakota, 
and the Staked Plain of Texas. Along the 
Gulf of Mexico the plain is of alluvial formation, 
and fringed with swamps and lagoons. The 
peninsula of Florida consists of porous limestone, 
through which the rivers sink. The southern 
part forms the Everglades, a region of forested 
waterways and islands. 3he Atlantic plain is 
wide and swaflipy in the south, but becomes 
narrow in the north. 

The Appalechiaas. These stretch from 
Newfoundland to within 200 miles of the Gulf, 
averaging 450 miles in width. Newfoundland, 
an island of low mountains and many lakes, is 
cut off by the Gulf of St. Lawrence from the 
very similar New Brunswick and Nova Scotia. 

In the United States the rugged New England 
Highlands are separated by the Hudson valley 
from the Appalachian ranges, in tho narrower 
sens^ of tho term. The Appalachian system, 
which is in reality a very ancient plateau dis- 
sected out in the course of ages int* parallel 
ranges separated by long narrow parallel valleys, 
becomes higher, lHx>ader, and more rugged. To 
the east is the Blue Ridge, and to the west the 
Alleghany Plateau. The structure of the re^^on 
in its present form is very complicated. The 
ranges have local names, which can be looked 
out on the map. 

These broad, rugged, and densely forested 
highlands long prevent^ the westward exten- 
sion of colonisation. The rivers desoeadi^ from 
the eastern slopes, which front the Atlantic plain 
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as steep escarpments, did indeed lead to excellent 
passes, but these gave access only to trough-Uke 
va]le 5 rB, beyond which rose a bimer similar to 
that just crossed. Population for 150 years 
moved up and down these valleys, but could not 
push westward into the central pkdns, except in 
the north, where the mily natural break across 
the entire breadth of the highlands occurred. 

The Gateway of the Appalachians. 
This gateway of the Appalachians was the 
Hudson valley, a great natural opening shut 
in by the escarpments of tho plateau on either 
side. Nowhere 200 ft. high, and occupied by the 
Hudson and Lake Champlain, it opened a natural 
route to the St. Lawrence, and thence by the 
great lakes to the west. The importance of this 
route is shown by the enormous prosperity of 
the cities founded at its terminal points — ^New 
York and Montreal. 

A still more direct route to the great lakes 
and the west opens from the Hudson, by the 
valley of its tributary, the Mohawk, which leads 
west to the lowlands around Lake Ontario. 
“Seen from the railway, which follows it, the 
valley appears to be a trench about 500 ft. deep, 
with moderately steep sides, and an average 
widtli of half a mile. Seen more truly from 
above the bordering uplands, it is a vast gap, 
1,500 to 2,000 ft. deep, and several miles wide 
in its higher part,** cut across the entire breadth 
of the plateau. The Mohawk valley, viiich 
commands the great route to the west, is followed 
by the New York Central Railway to Buffalo. 
“ There is not a diifloult grade or an embankment 
or a trestle of any importance between New 
York and Buffalo (490 miles), and with slight 
exception, this holds good from Buffalo to the 
Rockies. Two thousand miles of splendid 
country are made tributary to the harbour of 
New York through this river gateway.** 

Climate. In a continent nearly 4,000 miles 
long we have every kind of climate, from 
polar to tropical, modified by elevation and 
distance from the sea. If we look at a hiap of 
the January isotherms, these show the same 
southward sweep from west to east as in Europe. 
Thus a great part of the continent has frost for 
longer or shorter periods in winter, and the 
centre of the continent, in the latitude of Central 
Italy, is as cold as Iceland. South of 35^ N., 
there are no winter frosts. Florida and Cali- 
fornia have a January like that of Eg 3 mt, and 
the tropical lowlands of Mexico have a January 
temperature of 70® F. 

In summer the isotherms are bent notth. 
Over most of the mainland the summer tempera- 
ture is not below 50® F. *The isotherm of 60° F., 
which crosses central England, traverses North 
America at the southern end of Hudson Bay, 
and runs north as we go west. The same regions 
which have very severe winters have thus 
warm summers. The isotherm of 70® F. strikes 
the west coast in about latitude 30® N., and 
runs almost due north for 20 degrees and then 
crosses the continent. South of latitude 30® the 
summers are hot, especially in the interior, whiHce 
the lands in the* lee of the Rockies are out off 
from cooling ocean winds. 
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Rain falls abundantly on the Atlantic coast 
from Labrador southwards, and south of New- 
foundland at all seasons. Ilie rainfall diminishes 
slowly but steadily as wo go west, and becomes 
extremely scanty west of the Mississippi, where 
the lands in the lee of the Rockies have a 
very dry climate. The west coast has abundant 
rain, especially in the north, where it falls at all 
seasons. Further south is California with 
winter rains, or a Mediterranean climate. In 
the trade wind area, the rainfall diminishes, 
and this explains why in the lee of the southern 
Rookies rainless deserts are found. If the 
continent were here broad like North Africa, 
instead of narrow, we should have a Sahara. 
As it is, we have desert resembling the 
Kalahari. 

Vegetation. Tlie vegetation of Arctic 
North America is of the familiar tundra type. 
Much of this rc^gion, especially round the northern 
part of Hudson Bay, has the expressive name 
of the Barren Grounds. Vegetation consists of 
moss and lichens, or of low berry-bearing bushes, 
with stunted trees in protected spots. To the 
south it passes gradually into poor woodland, 
the birch lieing found as far north as any of the 
conifers. In winter the tundra is frozen, and in 
spring, when the rivers are melting, it is flooded. 
Only in summer does it tempt north the caribou 
“;-the American reindeer. The caribou has never, 
like the reindeer, lieen domesticated, and there 
is consequently no summer migration of popula- 
tion north, as in tlio Old World. Tlie Indian 
hunter, indeed, follows the trail of the cariliou, 
but only for purposes of destruction. In the 
worst parts of the Arctic region, however, where 
vegetation practically ceases, we got the inforest- 
ing Eskimo people, who live by slaying the 
creatures of the Polar Seas — bear, walrus, whale, 
etc., and show great ingenuity in supplying all 
their wants from these animats. 

Forests and Steppes. Forests succeed 
the tundra, both in east and west. Thousands 
of square miles are covered with virgin 
forests, containing magnificent timber This 
gives rise to the important industry of lumber- 
ing. When the forest streams are frozen in 
winter, the lumbermen start for the woods, 
where they remain for several weeks, felling 
trees and dragging them over the firm frozen 
ground to the banks of the streams. When 
these thaw in spring, the swollen current whirls 
along its burden of logs to one of the great 
timber or lumber centres, where innumerable 
saw mills, turned by the river, soon trans- 
form the lumber into timber, wood pulp, etc. 
Beyond the forests, in the dry centre of the 
continent, we find the dty steppes or grass lands, 
generally called the prairies. Where the rainfall 
is sufficient for cereals, wheat is grown in the 
nortih and maize further south. The dry western 
prairies are used for cattle breeding. Many 
thousands of acres go to form a cattle ranche, 
on which thousands of head of stock run in a 
semi-wild condition. 

The belt of desert in North America is relatively 
small. Neither savanas nor tropical forests are 
found, except in parts of Mexico and Florida. 


Occupatlona. Hunting is the only means 
of livelihood for the Eskimo of the Arctic Ocean, 
Hudson Bay, and Greenland. The trapping of fur 
animals is important on the tundra and forest 
margins. Large herds of buffalo once roamed the 
prairies, and w^ere hunted by numerous Indian 
tribes, but the white man exterminated them 
with more than savage recklessness. 

In the forests, lumbering is important, and 
supports such industries as saw-milling, pulping, 
paper-making, etc., in the towns on the forest 
margin. In the eastern prairies wheat is grown on 
a vast scale. Flour-milling is important in towns 
adjacent to the prairie wheat belt. Further west 
stock raising or ranching suits the drier climate 
better. It leads to an immense trade in meat 
and other animal products. All the western 
mountains are rich in minerals, and mining is 
important in many parts. The sea fisheries of 
both the east and west coast are very valuabk*, 
especially in Canada and Newfoundland. The 
northern rivers of the Pacific slope teem with 
salmon, which arc canned in immense quantities. 

The industries of the towns are very varied. 
Manufactures are carried on with cheap water 
power in many of those of the cast, especially 
in th(» llniUid States at the base of the Appa- 
lachian highlands and on the coalfields. 

Races. The original Indian inhabitants arc 
now comparatively few in number, and confined 
to the tundra, the forests, or their own reserva- 
tions. The modern American is of European 
descent. Except in the lower St. Lawrence basin 
British blood predominates in Canada, as well 
as in tho United States, though all European 
nations are well represented. Spanish blood is 
pre-eminent in Mexico, where Spanish is spoken, 
and the religion is Roman Catholic. The* rest 
of the continent is English speaking and mainly 
Protestant Negroes of African descent are 
numerous in the southern United States, and 
Chinese have settled on the Pacific coast. 

CANADA 

Let us look out in a map the frontiers of 
Canada, noticing that its boundary with the 
I'nited States is quite artificial. Of its total 
area (.‘1,400,000 sq miles), large portions are of 
little value. Its natural advantages include 
(1) vast forests, supplying timber, an asset of 
ever increasing value ; (2) immense and fertik' 
wheat lands ; (3) great mineral wealth, including 
the rich Klondike goldfields of the Rockies ; 
(4) ^’u.luable fisheries ; (.'i) an unrivalled series ot 
natural waterways ; (C) a healthy, bracing 
climate, stimulating to exertion. 

British Columbia. This, the Switzerland 
of Canada, is the largest province of the Dominion 
(383,000 sq. miles). It has an equable climate, 
with much rain in the west. Its mountain 
scenery is among the finest in the world. Tho 
mountains provide two valuable sources of 
wealth — ^minerals and timber. There are gold 
mines round Rossland, in the rich Kootenay 
district. Thick seams of fine steam coal occur 
near the Crow’s Nest Pass, much of which 
is sent west to the Pacific ports, and east to the 
plains. Mining towns are continually springing 
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up in all directions. The rivers, which are 
navigable only for a short distance above their 
mouths, teem with salmon, the canning of which 
is a flourishing industry. The sea fisheries off 
the Pacific coast, whose fiords recall those of 
Norway, are also valuable. The most important 
city on the mainland is Vancouver, whence 
lines of steamers sail to China, Japan and Aus- 
tralia. The capital is Victoria, on Vancouver 
Island, near the naval station of Esquimalt. 
I’he Nanaimo coal mines in the vicinity are 
extremely important. 

Arctic Canada. Round the Arctic Ocean 
and Hudson Bay lie the thinly-peopled districts 
of Yukon, Fraimin, which includes the Avctic 
islands, Mackenzie, with its great lakes, Kee- 
watin, the cold “ land at the back of the north 
wind,” and Ungava. The surface is tundra, or 
thin forest country, the home of many fur- 
bearing animals. Along the coast live a few 
Eskimos, but the bulk of the inhabitants are 
Indian hunters. A few white men are found at 
the trading posts scattered along the margin of 
the hunting grounds. Winter lasts several months, 
and then all travel is performed by dog teams 
or on snow-shoes. In summer, light bark canoes 
are used on the numerous rivers and lakes. There 
are no towns. 

SaaKatchewan and Alberta. These 
provinces are in process of settlement. Most of 
their surface is prairie land, though certain parts 
are wooded. In Eastern Saskatchewan are fertile 
wheat lands, the area of which is growing rapidly. 
In the drier districts of South-western Alberta 
ranching is important. Warm ehinook winds 
descend from the Rockies and melt away the 
snow, so that stock can forage for themselves 
for a great part of the winter. These terri- 
tories are rich in minerals. Coal is widely 
distributed in Alberta, and is mined for 
local consumption, helping to make up for 
the lack of tunber. Potwlcum is said to be 
c*bundant in the north. Towns are few as yet. 
Regina is the capital of Saskatchewan, and Cal- 
gary of Alberta. Medicine Hat, an important 
station on the Canadian Pacific line, is in a 
ranching district. Edmonton, in North Alberta, 
in an extensive agricultural district, is the largest 
fur market in North America. Lethbridge has 
large coal mines. 

Manitoba. The lake province of Manitoba, 
in the centre of the continent, lies partly in the 
prairie wheat belt and partly in the forest country, 
where lumbering is important. In the agricul- 
tural districts ^eat is the mainstay, but dairy 
farming and the fattening of hogs and stock 
are rapidly becoming important. “ Formerly, if 
an early frost damaged a farmer's wheat, he sold 
it at about half price, and lost heavily. Now he 
feeds his hogs with it, and in the end the return 
is almost as great as it would have been from 
the uninjured wheat.” Manitoba is thus at a 
higher stage than the provinces just described, 
where the prosperity of a whole district depends 
on a single staple. The capital is Winnipeg, a 

r t railway centre, with excellent facilities 
water communication in all directions. In 
autumn the railway traffic is enormous, as the 
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whole wheat harvest of the prairies has to be foi* 
warded to the eastern marlccts. Winnipeg has an 
important university, and is rapidly becoming 
the political, social, educational, and com- 
mercial capital of the west. The other con- 
siderable towns are Brandon, a wheat market, 
and Portage la Prairie, with flour mills. 

Farming in the Great West. In the 
wheat-growing prairies ploughing begins in 
autumn, and goes on steadily till stopped by the 
frosts of November or December. In April, wheat 
is sown first, when the soil is still moist after the 
thaws. The early summer months may be spent 
in breaking up new fields in the virgin prairie, 
or in the care of dairy and other needful farm 
work. The hay harvest is carried in July, and 
if cattle are extensively kept, there will be a 
maize harvest to get in for winter fodder for 
the dairy cows. “ As the wheat begins to head, 
the western farmer casts many an anxious glance 
at the weather, for occasionally a late frost comes 
and damages his crop. In August the wheat is 
ripe and the harvest begins. The grain is rapidly 
cut and bound by machines called binders. In the 
cast it is stored in bams, to be threshed later, 
but in the west the crop is too heavy for this, so 
it is hauled to a stack, and piled ready for the 
threshers. Just before cutting, the western wheat 
fields present a lovely picture. As far as the eye 
can reach the grain waves and ripples in the 
warm summer breeze like a sea of gold.” 

As soon as the grain is cut and stacked comes 
the threshing. In the west, farms arc far apart 
so a threshing gang travels with the threshing 
mill. The gang sleep in a large van. This is 
taken from place to place by the traction 
engine, which draws the threshing machine and 
supplies the driving power when the mill is at 
work. As the hum of the threshing mill begins, 
the scene is a lively one. Every man has his 
appointed place, and the stack of grain grows 
rapidly smaller as the pile of straw heaps up, 
and the sacks are filled with the bright clean 
grain. As soon as threshing is over the farmer 
hauls his grain to the nearest railway station, 
where it is sold and stored in the elevator 
ready for transport to the east over the Canadian 
Pacific Railway. 

Ontario. Ontario (222.000 sq. miles), the 
richest province of Canada, larger than Germany, 
lies between -th*e great lakes and James Bay, 
a gulf of Hudson Bay. The northern climate 
is dry, bracing and extreme ; but the neigh- 
bourhood of the great lakes makes Southern 
Ontario moist and rather enervating. Ontario 
is a region of lower 4iills, lakes and rivers, 
many of which have falls. The north is 
densely forested, supplying valuable lumber. 
The Ottawa river brings down enormous quan- 
tities to be sawn in the innumerable saw mills 
turned by the Chaudi^re Falls. The southern 
part is cleared and dotted with towns and 
villages at short intervals. 

The occupations of Ontario are numerous an<| 
varied. Lumbering in the backwoods makes 
saw milling, pulping, and other methods of 
working up timber important. Southern Ontario 
is a farmer's country. Unable to compete with 
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the wheat land*) of the virgin west, farmers 
find dairy and mixed farming more profitable, 
and cheese and butter are produced in aiMNr* 
mous quantities. The Lake peninsula, between 
Huron and Erie, is a land of orchards, where 
every kind of fruit is grown, especially peaches 
and grapes. Wine is made in considerable 
quantities. Special fruit trains run from this 
district in the season, supplying clieap fruit 
to the large cities of Canada and the United 
States. Round Lake Huron are deposits of 
salt and mineral oil. Nickel is abundant round 
Sudbury, and copper north of Lake Superior. 
Other minerals, including gold and iron, are 
probably widely distributed though unworked. 

Industries. The hsheries of the great 
lakes employ large numbers of persons, and 
fish trains with refrigerating cars distribute the 
fish to inland centres. 

Manufactures, carried on by water or electric 
power, are developing, and include textiles, 
railway plant, brewing, distilling, etc. Hamilton, 
on Lake Ontario, is a manufacturing centre. 

Toronto, the provincial capital, with a univer- 
sity, is a handsome town with a good harbour 
on I^akc Ontario. The Dominion capital. 


supplied by the falls generates electricity for 
lighting Buffalo, in New York State, and for 
industrial purposes. 

Towns. Quebec (347,000 sq. miles) was 
founded by French settlers, and many of the 
inhabitants are French speaking and of French 
descent. The province, which is half as large 
again as Ontario, is densely forested, and lum- 
bering is a leading industry. Agriculture and 
fishing are also very important. Minerals are 
abun£int, except coal. There is, however, 
ample w^ater powder, and manufactures will be 
carried on by electric power. 

The largest city is Montreal, with excellent 
communication by river, rail and canal. It 
is built at th(* foot of Mont Royal, and has many 
fine buildings. The shores of the St. Lawrence 
are lined for miles with wharves, from which 
are shipped the wheat, timber and dairy 
produce of the Dominion, and to which imports 
of all kind'^ are brought. The manufactures of 
Montreal are growing rapidly. QueWc, the 
capital, is one of the oldest cities in America. 
Its commanding situation on cliffs above the 
broad river makes it the Gibraltar of the St. 
Lawrence. Hull, on the Ottawa opposite 



Ottawa, a great lumber centre, is finely situated 
at the foot of the Chaudi^re Falls. It is con- 
nected by the Rrdeau Canal with Lake Ontario. 

Ontario is well situated for commerce. Rail- 
ways run in all directions, and there are many 
excellent harbours on the lakes. Canals have 
been cut to avoid the rapids between the lakes, 
the most important being the Soo, Or Sault 8te. 
Marie Canal, between Huron and Superior, 
where an industrial town is growing up. The 
tonnage which passes through the canals on the 
Canadian and United States sides of the rapids, 
in spite of being frozen five months every year, 
exceeds that of the Suez Canal, so enormous 
is the volume of trade carried by this magnificent 
system of inland waterways. 

Niagara Falla. Lakes Erie and Ontario 
are connected by the short Niagara river, on 
which are the famous Niagara Falls. The 
river is a mile wide where it makes its great 
leap sheer down 160 ft. into the narrow boiling 
ravine below, down which its waters surge to 
Ontario. There are practically two distinct 
falls, separated by an island, fall on the 
Canadian side is the -Horseshoe Fall, a little 
lower than the American faU. The power 
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Ottawa, and Sherbrooke near Montreal are 
manufacturing towns. 

Now Brunswick. The maritime pro- 
vince of New Brunswick (28,000 sq. miles) 
has immense fon*sts, which arc often ravaged 
by disastrous fires. Much lumber is cut m 
winter, floated down in spring, and sawn and 
worked up in summer. Minerals are abundant, 
but hardly worked ; the fisheries, however, are 
extremely valuable. The south and east are 
settled, but the towns are small. The capital 
is Fredericton, at the head of the tidal waters 
of the St. John river, at the mouth of which is 
St. John. This port is ‘never closed by ice, 
and in winter it is the shipping port of the 
Canadian Pacific Railway. 

Nova Scotia. Nova Scotia (20,600 sq. 
miles) consists of the Nova Scotia peninsula 
and C^ape Breton Island. It has high hills and 
broad valleys, with many lakes and rivers. The 
climate resembles that of England, but is mbre 
extreme. Atlantic fogs are common. The 
coast islands are rocky and poor, but the western 
valleys of the interior are famous for thei* 
apple orchards. Much of the country is forested 
and lumbering is important. Shipbuilding, a 
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ilouriBhing occupation before the days of iron and innumerable elevators brings home to the 
and steel, has declined, but will develop as the traveller the magnitude of the harvest of these 
coal-mines and ironworks around Sydney, on vast plains. Beyond Medicine Hat the line 
Cape Breton Island, increase their output. The follows the Saskatchewan valley, and reaches 
fisheries are important. The capital is Halifax, Alberta in the ranching country. The distant 
wi^ a magnificent ice-free harbour capable of Rockies appear on the horizon, and the line soon 
holding the whole British Navy. enters the foot hills. The ascent is made by the 

Cape Breton Island somewhat resembles Bow valley, amid glimpses of fine forest, moun- 
Scotland. Its occupations arc lumbering, fishing, tain and glacier scenery, to the summit of the 
mining and shipbuilding. Sydney is the chief pass (5,000 ft.). The descent on the opposite 
town. side is by the precipitous Wapta valley. “ 1'he 

Prince Edward Island. This small railway follows the river, crossing from side to 
island (2,000 sq. miles) owes much of its fertility side, and clinging to the ledges of dizzy prcci- 
to “mussel-mud,” the decomposed remains of pices.” In the first i)art of the descent there 
shell-fish, of which there are deposits many feet is a drop of 1,150 feet in five miles, and in the 
thick along the coast. The mud is rais^ by stt^epest parts the speed is reduced to five miles 
machinery and spread over the land, most an hour. At last the cafion opens to the broad 
of which is under cultivation. Dairy farming valley of the Columbia, with a fine prospect of 
is important. Hay and potatoes are grown for the* Rockies on the one hand, and the Selkirks on 
the United States markets. The fisheries, the other, with their steep forested slopes rising 
especially of shell-fish, are very valuable. The to the glaciers and snow-peaks beyond [141]. 
capital is Charlottetown. A Wonderful Climb. This range is next 

Newfoundland. Newfoundland (42,000 crossed by a triumph of engineering. The 
sq. miles) has been called the Norway of the line turns* up the narrow gorge of the Beaver, 
New World. There is no little resemblance clinging to the sides of the mountains, and 
in the character oi the island with its long turning up side valleys till at last, between 
fiords running inland between high walls of gigantic peaks, and in sight of imposing glaciers, 
rock, but the mountains arc very much lower. the summit of the pass is reached (4,500 ft.). 
The chief occupation in both is fishing, sup- The descent to the valley of the Columbia, which 
plemented by some farming. The Newfound- has gone round the Selkirks while the lino has 
land fisheries are among the most valuable crossed them, is mad(^ by the valley of the 
in the world. Three parts of the catch consist Illicilliwaot, a descent almost as steep as that 
of cod, taken on the shores' of Newfoundland of the Wapta gorg(‘. Those who hav(* travelled 
itself, on the Croat Banks a day’s sail away, in the Alps will form an idea of the skilful 
and off the desolate Labrador coast, which is engineering devices employed — the winding 
included in Newfoundland. Many vessels go tracks, the loops, and curves, used to reduce 
north annually to the seal fisheries. the sheerness '^f the descent. ()ftt*n as many 

Newfoundland is mountainous in the west, as four tracks, one below the oth(‘r, are in 
but flatter in the oast. The interior is forested. sight at once. At last, however, the (blumbia 
Both lumbering and shipbuilding are important, valley is reached, and the line is carried across 
Minerals, especially copper, are abundant; iron the Gold range by a low pass, which nms for 
IS exported to Canada from Bell Island. Dairy many miles between vertical cliffs. Four 
farming and agriculture are developing. The beautiful lakes occupy tlie whole width of the 
Capitol is St. John’s. summit level, and the line prcM'eods w(»st by the 

Trans - Canadian Railways. The Khoush wap and Kamloop lakes, to plunge at last 
C.P.R., or Canadian Pacific Railway, orosses into tlu* gloomy Thompson canon, from which it 
Canada from ocean to ocean. The Atlantic emerges to follow the wild cafion of the Fraser, 
ports arc Halifax and St. John, open all the year, “ Tlirough this gorge, so deep and narrow in 
and the summer ports of Quebec and Montreal. plact*s that the sun’s rajrs hardly entor it, the 
The Grand Trunk line is constructing a railway black waters of the river force their way. We 
from Quebec to Port Rupert on the Pacific, are in the heart of the Cascade range, and above 
north of the C.P.R., vi& Winnipeg and Edmon- the walls of the cailon we see mountain peaks 
ton. A network of lines covers the regions round gleaming against the sky. Hundreds of feet 
the great lakes, and connects with the linos of alK)ve the river is the railway, notched into the 
the United States, that by the Hudson to New face of the cliff, and continually crossing somi^ 
York being the most important. deep chasm by a great viaduct, or disapjiearing 

The C.P.R. The trans-continental part of into a tunnel through some projecting spur.” 
the C.P.R. begins at Fort William, on Lake At last the canon widens to a valley, meadows 
Superior, whence the line runs west through ap|>ear, farms and orchards vary the* scene, and 
a thinly forested region. About 50 miles from the sight of steamboats on the Fraser show that 
Winnipeg the country opens out into level the great descent is over. The blue waters of 
prairie, covered over vast areas by wheatfields. the Pacific como in sight, and the train reaches 
At Winnipeg the sight of many miles of sidings Vancouver, the Pacific terminus. 

Continued 
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ITALIAN 

PERSONAL PRONOUNS-continued 

Use of the Conjunctive Forme. The 

conjunctive forms of the personal pronouns 
may be combined together, and then tlie forms 
Wit, ti, sif cij vi, Sr'% are changed into me, te, 
sc, ce, ve, glie, when they occur with lo, la, 
le, li, ne, which they always precede. Olie is 
always written in one word with lo, la, le, li, ne, 
and, "in this case, it stands for to him as well as 
for to her. Thus we have the following forms, 
which are pitted before the verb. 

Mi, lo mo 

me lo, me la, it, him, her to me 

me li, me le, them to me 

me ne, of it, of him, of them, etc., to me 

Ti, to thee 

te h, tc la, it, him, her to thee 

te li, te le, them to thee 

fe ne, of it, of him, of them, etc., to thee 

Si, to himself, etc. 

se lo, se la, it, him, her, to himself, etc. 

se li, se le, them to himself, etc. 

se ne, of it, of him, etc., to hims€*lf, etc. 

Ci, to us 

ce lo, ce la, it, him, her to us 

ce li, ce le, them to us 

ce ne, of it, of him, etc., to us 

Vi, to you 

ve lo^ ve la, it, him, her to you 

ve li, ve le, them to you 

ve ne, of it, of him, of them, etc., to you 

Oli, to him ; le, to her 
(jlfflo, gliela, it, him, her, to him or to her 
glicli, glide, them, to him or to her 
gliene, of it, of him, of them, etc., to him, to her 

Note. The forms glielo, gliela, glieli, ghele, 
gliene are also used for it, him, her, them, of it, 
etc., to them, and, as we shall see later, to you. 
Note here the forms ci, vi, there {e.g., ci sono, 
there are ; vi sard, there will be), which in com- 
bination become ce^ ve, with meanings that will 
be easily gathered from the following : 

ce lo troverete = you will find him there 
ce la troverete — you will find her there 
cc li troverete = you will find them there 
ce ne troverete = you will find some there 

Examples : 1 Me lo promiaero. They promised 
it to me. 2. Me ne hanno parlato. They have 
spoken to me of it. 3. Te li dard, I shall give 
thorn to thee. 4. Te la mostrerd, 1 shall show 
her [or it] to thee. 5. Se li sono spesi. They 
have spent them themselves. 0 . Ce ne pre- 
steranno. They will lend us some. 7. Ve h 
proibisco, I forbid it you. 8. Olielo spiegheremo^ 
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We shall explain it to him, etc. 9. Non gliene 
parlate. Do not speak of it to him, etc. 10. Non 
ce w’c pid, There is no more of it. 

PoAition of the Conjunctive Forma. 

It has been seen that the conjunctive pronouns 
{mi, ti, si, etc. ) and their combined forms {me lo, 
te lo, etc.) arc, as a rule, placed before the verb. 
But when they occur with the imperative (the 
third persons excepted), the infinitive, the gerund, 
and the past participle, they are placed after 
the verb, and are written in one word with it. 
They are also joined in the same way to the word 
ecco, as : iccoli, here they are ; cccoci, here we 
are. The infinitive drops the final e before the 
conjunctive forms, as : vkndere, to sell ; vinderlo, 
to sell it ; venderglielo, to sell it to him. If the 
infinitive ends in -rre the final -re is dropped, 
as: indurre, to induce ; indurci, to induce us. 
When the infinitive is governed by another 
verb, the above forms may be placed before this 
verb, as: Non posso darvelo, or non ve lo posso 
dare, I cannot give it to you. But if the pronoun 
depends upon the first verb it must never be 
placed after the infinitive, as: Vi Idseio andare, 
I l(»t you go, and not lascio andarvi. In the 
imperative negative it is better to let the pro- 
noun precede, as: Non me ne parlate, Do not 
speak of it to me. 

In poetry and in literary style the conjunctive 
pronouns may be added to other forms of the 
verb, besides those mentioned above, as : rispd- 
segli, he answered him. When the verb ends in 
an accented vowel, the written accent is omitted 
and the conjunctive forms {gli excepted) double 
the initial consonant, as : dammi, give me : 
died, tell us ; mostrerovvi, I will show you ; 
dirogli, 1 will tell him. 

Note. Loro is generally placed after the 
verb, but is never joined to it : Lho mandato 
loro, I have sent it to them. 

Examples: 1. Devo sctlverglielo, I must 
write it to him. 2. Che essi glielo restituiscano. 
That they give it back to him. 3. Ddtemelo, 
Give it to me. 4. Non glielo date. Do not give 
it to him. «5. Avindomene parlato. Having 
spoken to me of it. fi. Vedijitoh, Having seen 
him. 7. Eccoci, Here we are. 8. PjCCoIo li, 
There he is. 9. Non potete negarh, You 
cannot deny it. 10. Lo fecero arrestare, They 
had him arrested. 

Exercise XXIX. 

1. Avevamo pensato di v^ndergli dei biglietti, 
ma non no ha voluto comprare. 2. Me ne 
hanno mostrato di diverse qualita. 3. Se ne 
avessi anc6ra, ve ne darei. 4. Dov’^ vostra zia ? 
5. Eccola qui, parlktegliene. 6. Sono molto 
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belli qucsti quadretti ; se andate in Italia non 
dimenticate di oomprarmcne. 7. Ho comprato 
dei gioc&ttoli per questo ragazzino, ma ho 
dimenticato di port^rglieli. 8. Non glieli 
portate, perch^ 6 state oattivo tutto il giomo. 
9. Se la sarta ha finite la niia veste, ditele di 
mand^rmela silbito. 10. Non manchcro di 
dirglielo. 

Exercise XXX. 

1. Don’t you see that this little girl’s face is 
all dirty with smoke ? Wash it for her. 2. If 
you have some fresh roses and carnations, make 
a nice bouquet of them, and send it to this 
address. 3. I had begged of you not to tell her 
anything, and you have told her everything. 
4. Here is the letter that we have received, 
read it to her, and see what impression it makes 
on her. 6. If she had said such words <o us, 
we should have known how to answer her 
fittingly (per le rime). 6. This telegram was 
handoa to you at twenty past seven. How is it 
that you give it to me after more than two 
hours ? 7. If you like to go to the theatre, go 
[there] ; I prefer not to go out {uscire). 8. I 
will treat him as my brother, I promise [it] you. 
9. Here is the telegram that we have received: 
** Received cycles ; will send them you.” 10. It 
is in Italian ; I do not understand it ; translate 
it for me, please. 

Conversazione 

Se il signor N. domanda di me, ditegli die lo 
aspetto al circolo. 

Glielo diro. 

Mandate a comprare delle sigarette e 
offritegliene. 

Gliene abbiamo giii ofTerto. 

Perchd non me ne avete mai parlato prima ? 
Avreste dovuto parlarmene. 

Me n’ero dimenticato. 

Se non vi sara ])ossibilc di venire, non dimen- 
ticate di avvertirci. 

Certamente ; vi mandero un Udegrarama 

Gli hai domandato di prestarti del danaro ? 

Glid’ho domandato e me ne ha prestato. 

Quando restituirete il danaro alia vostra 
arnica ? 

Per il momento non ho danaro ; ma appena 
ne avro glielo restituird. 

Avete risposto alia l^ttera di mio cugino ? 

Non ancora ; aspetto che il fotogrufo mi 
consegni Ic mic fotografie, perche voglio spedir- 
gliene una. 

V£RBS — continued 
The Passive Verb 

As in English, the passive voice is formed in 
Italian by simply adding the past participle of 
an active verb to the various parts of the verb 
laaere : egli e, he is ; egli i amato^ he is loved ; 
egli sard, he will bo ; egh sard lodato, he will 
be praised. The past participle after essere, as 
we have already seen, must always agree in 
gender and number with the subject to which 
it refers: egli e lodalo, essa h hdata, % miei 
frateUi sono lodati, le mie sorelle sotw Pfdaie. 

The preposition by, which follows a passive 
verb, is translated da. She is loved by her 
brother, Essa i amata da suo fratello. 


Esaere amato, -a, -t, -e, to be loved 
Indicative Mood 
Present 

I am loved, etc. We are loved, etc. 

Sono amato, -a, etc. Siatno amaHi, -c, efc. 
Pasi Indefinite 

I have been loved, etc. We have been lovod.etc. 
Sono stato, -a, amato, -a Siamo stati, -c, amati, -e 
Iwferject 

I was loved We were loved 

Ero amato, -a Eravamo amati, -c 

First Pluperlect 

I had been loved We had been loved 

Ero stato, -a, amato, •a Eravamo stati, -c, 
amati, -c 
Past Definite 

I was loved We were loved 

Fui amato, -o Fumnu) amati, -c 

Second Plujaerfect 

I had betm lovi'd We had been loved 

Fui stato, -a, amato, -a Fummo stati, -c, amati, -e 
Future 

I shall be loved We sVmll be loved 

Sard amato, -a Saremo amati, -e 

Future Perfect 

I shall have been loved Wo shall have been 
loved 

Sard stato, -a, anmto, -a Saremo stati, -e, amati, -e 
Imperative 

Be loved Be loved 

Sia amato, -o Siate amati, -e 

Subjunctive Mood 
Present 

Tliat I be lo\ )d That wo be loved 

Sia amato, -a Siamo amati, -c 

Perfect 

That I have been loved That we have l)t‘t‘n 
loved 

Sia stato, -a, amato, -a Siamo stati, -c, amati, -e 
Imperfect 

If I were loved If we wen* lov(‘d 

Fossi amato, -a Fdssimo amati, -e 

Pluperfect 

If I had been loved If wc* had bet*n loved 
Fossi stato, -a, amato, -a Fdssimo stati, -e, amati, -e 

Conditional Mood 
Present 

I should bo loved We should be loved 

Sard amato, -a Saremmo amati, -e 

Perfect 

I should have lieen We should have been 
loved loved 

Sard stato, -a, amato, -a Saremmo stati, -c, 
amati, -e 

Infinitive Mood 

Present — Essere amato, -a, 4, -e, to be loved 
Perfect-- Essere stato, -a, 4, -e, amato, -a, 4, -c, to 
have been loved 

Gerund 

Present — Essitndo amato, -a, 4, -e, being loved 
Perfect — Essendo stato, -a, 4, -e amato, -a, 4 -e, 
having been loved 
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Observations 

1. Jn the Present, Imperfect, Past Indefinite, 
Future, and Conditional, instead of the verb 
essere, may bo used tho corresponding tenses of 
tile verb venire (to come), as : vengo hdato^ I am 
praised ; vennero trovati, they were found. 
Occasionally the verbs andare (to go), and stare 
(to stay), are used in the same way, as ; andd 
perduto, it was lost ; sta scritto, it is written. 
Andare has sometimes tho meaning of to be 
obliged to be, as ; Questo lihro va cuatodito gelo- 
samenie. This book must be carefully kept; 
QueMa parola va scritta co^i. This word is to be 
written so. 

*2. The passive voice may also be formed by 
using the third persons (singular and plural) of 
the active verb preceded by si, as : si dice, it is 
said, they say, people say, etc ; si l^gono, they 
arc read, etc. 


Exercise XXXI. 


orario (orahreeo), time- 
table 

jf rrovia (fedirroveeah ), 
railway 

o pernio (opeh-rdh-eeo), 
workman 

schivare (skee-vdhreh), to 
avoid 

ferito (felireHo), wound- 

avaro {ahvdhro), miser 


calatnite (cahlahmeetah) 
magnet 

fuoro (foo-dco), fire 

carhone {cahr-lxmeh), 
coal 

ladro (Idhdro), thief 

guerra {gueh-rrah), war 

noioso (no-ee-oso), tire- 
some 


1. Quel ragazzo fu salvato per miracolo. 

2. Og^ e stato pubblicato il nuovo orario delle 
ferrovie. 3. Gli operai vfngono pagati ogni 
cinque giorni. 4. Fummo invitati, ma non 
ci andammo. 5. Egli e amato e stimato da 


tutti quelli che lo conoscono. 6. Mi displace 
di non potero accettare il vostro invito, perch^ 
devo (I must) par tire subito per Roma, dove 
Bono stato cliiamato telegraficamcntc. 7. E 
vietata rafiissione. 8. 8i dice che la guerra 
fra i due paesi sia ormai inevitabile. 9. Dlcono 
che il Oenerale N. sia stato ferito nell’ ultima 
battaglia. 10. Non ^ssere noioso, so no saiai 
schivato da tutti. 11. Questa storiella ci e 
stata raccontata da un nostro amico. 12. 
L'avaro vienc attratto daU’oro, come il ferro 
dalla calamita. 13. Il fuoco e stato iinalmente 
isolato ; ma venti case c due deposit! di carbono 
sono stati intcramente distrutti. 14. Il ladro 
e stato arrestato. 

Key to Exercise XXIX. 

1. Speak more slowly, please, because I do 
not understand you. 2. Do not call him yet, 
let him finish writing. 3. Be silent; I forbid 
you to speak ill of a friend in my presence. 
4. Which of these tAvo do you prefer ? 5. 1 
prefer the first one, because it is cheaper. 6. If 
he asserts it, that means that it is true. 7. That 
poor child does nothing but cough all day. 
8. Did you sleep well last night ? 9. This 
tea is not good ; you have poured the water on 
before it boiled. 10. Tell the servant to dress 
the children, because it is time to go. 11. If 
the artists sing well, we will applaud them. 
12. This is already the third time that you 
ask me whether it is true ; I must inform you 
that I never speak a falsehood. 13. Do not 
say so, please, because you have so many times 
told me falsehoods that I no longer believe 
anything that you say. 14. Eggs and meat are 
veiy nourishing. 15. I do not understand 
why you wish to be always right. 


Continued 


FRENCH 

PRONOMINAL VERBS 
General Remarks 

1. Pronominal verbs are so called because 
they are conjugated with two personal pronouns 
which refer to the same person and of which 
one is the subject, tho other the object of the 
verb, as je me flatte, I flatter myself. 

2. The majority of pronominal verbs are 
reflexive — that is to say, they express an action 
of which the same person is both the “ doer ” 
and the “ sufferer,’^ as il se blessera, he will 
wound himself. 

3. Pronominal verbs are either (a) essentially 
jironominal, or (b) accidentally pronominal. 
Essentially pronominal verbs are those that 
are never used otherwise than with two pro- 
nouns, such as se repentir, to repent ; s'emparer, to 
seize, to get possession of ; s^abstenir, to abstain. 

Accidentally pronominal verbs are those 
which are sometimes conjugated with a single 
pronoun, that which represents the subject, 
and sometimes with two, thus ; il trompe, he 
deceives ; il se trompe, he is mistaken (lit., he 
deceives himself). 
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4. In the third person singular, and the 
third person plural, a noun may take the place 
of tho subject ; thus : U enfant se hlesaera. The 
child will w’ound (hurt) himself ; Uarmee 
s'empara de la ville. The army took possession 
of the town. 

4. The pronoun, which is tho object of a 
pronominal verb is not necessarily a direct 
object, or accusative ; it may also be an indirect 
object, or dative ; thus : Je me rappelle ce que 
vous m'avez dit, I remember (lit., recall to myself) 
what you have told me. The use of the pronoun 
as an indirect object is particularly frequent 
when the direct object is a part of the body ; 
thus ; in il se lave, he washes himself, se is a 
direct object, whereas in il se lave les mains, 
he washes his hands (lit., he washes to himself 
the hands), se is an indirect object. 

5. Pronominal verbs arc reciprocal when 
they indicate an action which several subjects 
mutually do to each other, thus : Nous nous 
voyons to us les jours. We see each other every 
day. These verbs can only be used in the 
plural forms. 



^JU«CIUAQB8--PIIBNCH 


6. When the reciprocity of the action ex- 
pressed by the verb is quite clear, the prono- 
minal form is sufiicient, thus : ils s' embrasshent, 
they embraced (each other). If, however, it is 
not obvious whether the subjects do the action 
to each other or to themselves, reciprocity must 
be expressed by the addition of Van V autre (m.), 
V line V autre (f.), les tins les autres (m. pL), les tines 
les autres (f. pL), each other, or by the use of 
mtUitellement, mutually, or rkiproquement^ recip- 
rocally. 'riiuH, ils se flattent, may mean either 
“ they flatter themselves,” or “ they flatter each 
other.” Bv saying ils se flattent les tins les 
autres, the latter meaning is made quite plain. 

7. Pronominal verbs arc very numerous in 
French. They are freciucntly used to express 
an action for which a simple verb is suflicit‘iit in 
English, as se repcnlv\ to repent ; se lever, to 
rise ; se cuttcher, to lie down (go to bed) ; se 
vante^', to boast. A common use of the [iro- 
nominal verb with reflexive mcpming is to render 
the English ^yassive voice, when that passive 
does not refer in a special manner either to 
th(‘ doer of the action or to the state resulting 
from that action. Thus: C/tarfue volume sc vem! 
%fKiiement, Each volume is sold separately 

8. All pronominal verbs form their compound 
lenses by means of the auxiliary (tre, to be. 
Thus: Je me sttis leve, 1 got up; II s' Had 
vante. He had boasted ; Tii te seras enrhiime, 
Vou will have caught cold. 

y. Although pronominal verbs take itre in 
their compound tenses, the rule for the agree- 
ment of past participle in those eomjyound 
tenses is the same as it the auxiliary were a tYnV — 
that is to say, the p ist participle docs not agree 
with the subject, but agrees with the direct 
object if that direct object precedes thc» past 
participle. Thus: Nous nous sommes laves. We 
have washed, laves agreeing with the seeand 
“ nous,” which is the direct object, and which 
precedes laves. In Elies se sont lave les mains. 
They (f.) have washed their liands, the direc*t 
object is not se (to themselves), but les mains, 
which comes after the verb. There is, conse- 
quently, no agreement of the past participle 

10. When given in the infinitive form (as in 
vocabularies, dictionarit^s, etc,), pronominal 
verbs are always ac*conipanied by se, (meself, to 
oneself, as se flatter, to flatter oneself. In actual 
use, the infinitive may be preceded by me, te, 
nous, wtts : Je vais me promener, lam going for 
<a walk ; II est temps de te lever. It is time for you 
to get up; Nous aviorts pettr de nous trim per. 
We were afraid of making a mistake; Je vans 
prk de ne pas vous dkanger, I beg you will not 
put yourself out. 

Se lever, to rise 

Principal Parts; se lever, seUvant, slant 
leve, je me leve, je mi levai. 

Indicative 

Present Past Definite 

I rise, etc. I rose, etc. 

je me leve je me levai 

tn te leres tu te levas 

il se leve il se leva 

die se leve elle se leva 

nous nous levons nous nous levdmes 


Present Past Definite 

wus vous levez rrrus vous levdtcs 

ils se livent ils se lever ent 

dies se Ikent elks se levtrent 

Im^rfect Put art 

I was rising, etc. 1 shall rise, etc. 

je me levais je me liverai 

tu te levais tu te leveras 

il se levait il se Icvera 

elle se levait elle se levera 

nous nous levions rums nous leverons 

mus WHS leviez wits wits leverez 

ih se lemient ils se leveront 

elles sc letment dies se leveront 

(’oMPouND Tenses 
Past Indefinite 

I have risen, etc. nous nous somrnes levk 
je me sttis leve, or levk or levks 
tu Ces levf, or levee vous vous (tea leves, or 
il s'est leve levhs 

elle s'est levee iU se sont leves 

elles se sont levels 
Pluperfect 

I had risen, etc. nous nous etions levis, 

je m'etais leve, or h vk or levees 

tu t'daii hve, or levee ihhih vous iliez leves, or 
il .Hctait leve levees 

tile s'ttiit levee ils s'Haient levis 

elles s' { talent levees 
Past Anterior 

I had risen, etc. ttous nous j times leves, 

je me fus leve, or levie or Icvhs 

tu te jus leve, or levie wus vous jiXtes leves, or 

il se flit leve levees 

die se jut levee ils se fttrerd leves 

I lies se furent levees 
Future Anterior 

I shall have risen, etc. mas noun sirona levis, 
je me serai leve, or levie or levies 
tu te seras leve, or levee vous vous serez leves, or 
il .se sera leve levies 

elle se sera levie ils se setont levis 

dies se seronl levies 
i ‘ONDITIONAL 
Present 

1 should rise, etc. die sc Uverail 
jf me liverais nous nous Uverions 

tu te Icverais vous vous leveriez 

il se liverait ils se Icvera lent 

dies se Uveraient 
Past 

I should have risen, etc. nous nous serions levis, 
je me serais leve, or levee or levies 
tu te serais leve, or levie vous vous seriez leves, or 
il se serait leve hviis 

elle se serait levie ils se straierU leves 
dies se sera tent levies 
Imperative 
Present 

levedoi, rise (thou) 

qu'il se leve, let him rise 

qu'dle se Uve, lot her rise 

lewns-nous, let us rise 

leveZ’Vous, rise ye 

qu'ils se Uvertl, let them (m.) rise 

qu elles se Uvent, let tln^m (f.) rise 
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Subjunctive 


PreaerU 

That 1 may rise, etc. 
que je me lh}e 
que tu te Uvea 
quHl ae Uve 
qy^elle ae Uve 
qiie noiia notia leviona 
que voua voua leviez 
qu'ila ae Uvent 
qu'ellea ae UverU 


Imperfect 

That I might rise, etc. 
que je me Uvuaae 
que tu te levaaaea 
qu'il ae Uvdt 
qu'elle ae Uvdt 
que noua noua levaaaiona 
que voua voua levaaaiez 
qu'ila ae levaaaent 
qu'ellea ae levaaaent 


Paat 


That I may have risen, etc, 
que je me aoia leve^ or levee 
que tu te aoia leve, or levee 
qu'il ae aoit leve 
qu'elle ae aoit levee 

que noua Ttoua.aoyona levea, or levees 
que voua voua aoyez levea, or levees 
qu'ila ae aoienl Uvea 
qu'dlea ae aoienl leveea 

Pluperfect 

That I might have risen, etc. 
que je me fuaae leve, or levee 
que tu te fuaaea Uve, or levee 
qu'il ae fiU Uve 
qu'elle ae fHut levee 

que nous noua fuaaiona Uvea, or leveea 
que voua voua fuaaiez Uvea, or levies 
qu'ila ae fusaent Uvea 
qu'eUes ae fuasent levies 

Infinitive 

Present Paat 

St lever, to rise s'Ure leve, levee, to 

have risen 

Participles 

Present Past 

’ ae levant, rising a'etant leve, levee. Uvea, 

levies, having risen 


Pronominal Verb Conjugated 
Negatively 

Pronominal verbs are conjugated negatively: 

1. In simple tenses, by putting nc between 
the two pronouns and pas after the verb. 

2. In compound tenses, by putting ne between 
the two pronouns, and pas between the auxiliary 
and the past participle. 

Ne pas se t romper, not to be mistaken 
Indicative 


Simple Tenses 
Present 

I am not mistaken, etc. 
je ne me trompe pas, etc. 

Immrfect 

I was not mistaken, etc. 
je ne me trompaia pas, eto. 

Pad Definite 
I was not mistaken, etc. 
je ne me trompai paa, eto. 

Future 

I shall not be mistaken, eto. 
je ne me tromperai pas, eto. 
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Compound Tenses 
Pad Indefinite 

I have not been mistaken, etc. 
je ne me auia pas trompe, or trompee, etc. 
noua nenouaaommea paa tromph, or trompees, eto. 
Pluperfect 

I had not been mistaken, eto. 
je ne m'etaia paa trompe, or trompee, eto. 
noua ne noua itiona pas trompea, or trompiea, eto. 
Future Anterior 

I fihall not have been mistaken, etc. 
je ne me serai paa trompi, or trompie, etc. 
noua ne noua aerona pas trompis, or trompiea, eto. 
Imperative 
Present 

ne te trompe pas ne voua trompez pas 

be (thou) not mistaken be (ye) not mistaken 
qu'il ne ae trompe paa qu'ila ne ae trompent pas 
let him not be mistaken let them (m.) not be 
qu'elle ne ae trompe pas mistaken 
let her not be mistaken qu'ellea ne ae trompent paa 
ne noua trompona pas let them(f.) not be mis- 
let us not be mistaken taken 
Subjunctive 
Present 

That I may not be mistaken, etc. 
que je ne me trompe paa, etc. 

Imperfect 

That I might not be mistaken, eto. 
que je ne me trompasse pas, etc. 

Perfect 

That I may not have been mistaken, etc. 
que je ne me aoia paa trompi, or trompie, etc. 
que noua ne noua aoyons paa trompea, or trompiea, 
etc. 

Pluperfect 

That I might not have been mistaken, etc. 
que je ne me fuaae pas trompi, or trompie, etc. 
que nonane noua fuaaiona pas trompis, ov trompiea, 
etc. 

Infinitive 

Present 

ne paa ae tromper, not to be mistaken 
Past 

ne pas a'etre trompi, e, is, ies 
not to have been mistaken 
Participles 
Present 

ne ae trompant pas, not being mistaken 
Pad 

ne a'etant paa trompi, e, is, ies 
not having been mistaken. 

Key to Exercise XXVII. 

1. Nous recevons deux joumaux tous les 

jours. " 

2. Elle re^oit ses amis le jeudi. 

3. Nous aper 9 hmes une petite maison blanche 
au pied de la colline. 

4. N’avez-vous pas encore re 9 u de r^ponse 
h votre lettre ? 

5. II est facile d’4noncer clairement ce que 
Ton con 9 oit bien. 

6. Quand vous recevrez cette lettre je ne 
serai plus en Angleterre. 

7. vers diz heures du matin nous aper 9 hmes 
Tarm^e ennemie dans le lointain. 





8. II doit cinquanie franca a son tailleur. 

9. Si vous lui devez iant, ne me dcvez-vous 
rien ? 

10. Vous devriez planter des arbres le long de 
cette all4e. 

11. Quand doit-il y avoir une assemblee 
dt*s actionnaires ? 

12. Ri la lK)nne foi 6tait exilec du reste de la 
terre, elle devrait se rotrouver dans le cceur 
des rois. 

13. Vous devriez d’abord me payer cc que 
vous me devez. 

14. Elle a dd etre bien etonnee de vous voir. 

15. Vous auriez dd lui rendre T argent qu'il 
vous a prete. 

10. Ri vous n’avez rien mange depuis ce 
matin, vous devez avoir bien faim. 

17. Quelle heure est-il ? 11 doit etre au 
moins quatre heures et demie. 

18. J’ai rc^u une invitation, mais j’ai dd 
la n'fuser. 

Key to ExEnnaE XXVIIT. 

1. Entendez-vous ce que jo vous dis ? 

2. N’ayez pas pcur du chien ; il no vous 
mordra pas. 

3. Vous perdez toujours quelque chose. 

4. Pourquoi n’avez- vous pas lepondu k sa 
lettre ? 

5. Nous entendimes du bruit en haut. 

0. Qu’ila nous attendent maintenant, nous 
les avons attendus ass<*z longtemps. 


7. Attendez-les ; ils no sent pas encore prdts. 

8. No perdez pas tant de temps k bavarder. 

9 Les ennemis, descendant de leurs mon- 
tagnes, pillaient touto la contr^e. 

1(K On vendra cos maisons aux onohdres k 
onze heures precises. 

11. Je fermai les yeux et j’entendis un fracas 
epouvantable. 

12. Vous no perdrez rien pour attondre. 

13. Ija d^couverte de I'Amerique a boaucoup 
(^t^ndu le commerce europ^en. 

14. Le Seigneur a etendu sa main sur la mer ; 
il a ebranl6 les royaumes. 

15. Le thermom^tro a deseendu do quatre 
degrds depuis hior. 

16. Le ieune homme nous remeroia sans 
cm barras au service que nous lui rendions. 

17. Rendez ^ C6sar ce qui est k Cesar, et 
rendez ^ Dieu ce qui est k Dieu. 

18. Les coups quo nous sentons le plus son! 
(HHix que nous ne pouvons (pas) rendre. 

19. Quelques grains rendent cent pour un, 
d’autres soixante, et d'autros trente. 

20. Samson rompit ses cordes comme on 
romprait un til. 

21. A brebis tondue Diou mesure le vent, 
dit Ic proverbe. 

22. (^e chien est dangereux ; il mord. 

23. Il y a des personnos dont les louanges 
mordent et dont los caresses egratignont. 

24. L’or fond & un moindn^ degrts de chalour 
que le f(T. 


GERMAN By P. G. Konody and Dr. Oaten 


LXXXVIII. The Subject Clause. 

3ilcr iw \ut[ bet» Clift, iriit ivcnut veil 
btiu'c^cn, He who considers too much will achieve 
little. Here the subordinate clauso loplaccs the 
subject and answers the question „U'cr (ebev 
iiuie*) iintD ivtfiiut vcUbriuctcu (Answei: '4t'Ct qar 
i;u vie I bfCfiift, which is the subject of the 
compound sentence.) 

The subordinate subject-clause is introduced 
by interrogative pronouns (ob, whether; unc, 
how ; ivauii or ircun, when ; U'c, whore ; ivaium, 
why, etc.), or by relotive pronouns (iver, who; 
U>aff, wdiat), or by the conjunction baj, that. 
Examples: ntd^t taui^t, ill i^efd^enft pt 

teller. What is useless, is bio dear even as a 
present. ift eifieiilicb, bag tie >5cnne 

fe^eiut, It is pleasing that the sun shines. 

LXX;XIX. The Object Clause. This, 
like the object it serves to replace, answers the 
question 59effcu ? whose ? or '5l9em ^ to whom ^ 
or 99en oter 29a6? whom or what? It is in- 
troduced by an inteiTogative or by a relative 
pronoun. For the sake of greater clearness, 
a con'elativo demonstrative pronoun is often in- 
troduced into the principal sentence. Examples : 

freue (iveffenO feiuct Vlnfunft (object in 
the genitive), or, with a subordinate object 
clause: ^dj freue imd^, bag et auftefommeii ifl, 
I am glad that he has anived. iffieu bad *&eti( 
iiebt, bed (demonstrative xironoun) gebenft ed 


qeru. Whom the heart lows it remembers 
gladly (proverbial sentence). '19 a d e f d? e Ij i n 
m u g , bad (demonstrative pronoun) foil man nidu 
verfdueben, What has to be dono ought not to 
bo postponed. If prepositions are needed, they 
are contracted with the demonstrative pronoun 
—an bad into baran, von bem into bavon, etc.: 
'19 ad cm ^el^eimnid blcibeii fod, bavcu 
(von bem) foil man md>t u'red^en. What is to 
remain a secret should not be talked about. 

XC« Contraction of Object Claueee. 

Object clauses introduced by the coni unc- 
tion bag {a) can be contracted if the subject 
of the principal sentence is identical with 
that of the subordinate clause ; d; vcrfvrad' 
ilmi, bag ^cljen univbf, I promised him that 
1 should go ; and od) vcrfinach ibm i^u ftflicii 
(Contraction can also take place if the subject 
of the subordinate clause figures as object in the 
princiml sentence, or if this relafion is implied, 
though not actually ex][>rcssed : (Mvtt befal)l bed 
'INe uf d;f n , bag f ic (bit SOhnfdicii) ctnanber lieben, 
God commanded men that they should love each 
other, can thus be contracted into (5)ott befa()l 
bell aWeiifd^eit cinanber jj u h c b c it. As may be 
seen from the above examples, the contraction 
consists in the omission of the conjunction bag 
and of the subject in the subordinate clause, 
whilst the verb takes the prepositional indnltive 
with pi. 
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(6) In other cases the conjunction can be 
dropped, whilst the subordinate clause assumes 
the same sequence of words as an independent 
sentence, the subject preceding the predicate, 
etc. : ($r er 9<uet gefel^en l)iibe 

(dependent clause with finite verb at end). 
He told us that he had seen the fire ; or, with 
the conjunction bag omitted : dr erjal)Uc 
ev (subject) l^abe (predicate) ba« geuer (object) 
He told us he had seen the fire. ^ d) 
erinnere mid^, bag id) bad griter gcfe^en l)abe, I 
remember that I have seen the fire, is, on the 
other hand, contracted into : 3d) erinnere mid), 
bad geuer fiefcl)en j;n l)aben, the subject being 
the same in the principal sentence and in the 
dependent clause. 

(c) In some interpolated subordinate object 
clauses introduced by unc, as, this conjunction 
can be dropped, and the clause assumes the 
same sequence of words as the independent 
sentence of question (the verb preceding the 
subject): (St I)at ii'ic er nnd cr^al)lte, bad 
gcuer fiefel)en, Ho has, as he told us, seen the fire, 
or contracted : (it I)at, e r j a 1) 1 1 e c r uii d , bad 
gcuer 0ffei)fn. 

(d) In conditional clauses the conjunctions 
tvenn, fafid, if, can be dropped, in which case the 
clause is arranged asin(c): Jil^eun bu uic^t c\ei)en 
uniifl, fo blfibe bal)eim, If you don’t want to go, 
stay at home ; or, with omission of the con- 
junction ireitn : SCilljl bu uidht <^el)cu, fo bUtbe 
ba()fim. 

(e) With verbs with separable prefixes the 

preposition ju is inserted between the prefix and 
the stem: fod-^cl)fn, to go away ; 3cb befal)l it)nt, 
bag ft fort3ct)e, or contracted : befabi ibm 

fort gu Qel)cn, I bade him go away ; but entfernen 
(inseparable prefix cut-) : 3^ befal)l ignt, bag n 

entferne, or : 3(i^ befal)l tl)m, fid^ }u entfernen. 

XCI. The Subjunctive in Subordi- 
nate Clauses. In subject and object clauses 
the subjunctive is employed if the person 
speaking wishes to suggest that the context of 
the subordinate clause is merely an opinion of 
the subject” in the principal sentence, or if 
something is expressed (wish, demand, hope, 
command, etc.) that has not yet been performed 
and has yet to become a reality : 3cb v^laubtc, bag 
er an^efomwen fei, I thought that he had arrived ; 
or, with the omission of the conjunction : 3d) 
^(aiibte, er fet anflcfrmmcii. For further rules as 
to the use of the subjunctive see LX VIII., 
page 3502 . 

Nabrativb Clauses. The object clauses in- 
clude those in which the • speech of other 
persons is related, either directly (direct speech) 
or by circumlocution (indirect speech). The 
quotation, with the subjunctive of the verb, is 
frequently introduced by the conjunction bag ; 
and the indirect clause of question by ob, whether, 
unless there is already a conjunction of question : 
dr fraf^te tntcb, o b i(b fcmmrn triirbr, He asked me 
whether I should come ; and : dr fragte mid), 
ft) aim fommrn ivurbc, He asked me when I 
should come. 
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EXAMINATION PAPER XXII. 

1. Which oases are ruled by adjectives in 
German ? 

2 . How many adjectives govern two alternative 
cases, and which are &iese cases ? Enume- 
rate the adjectives. 

3 . What prefix expresses the negative meaning 
of adjectives ? 

4 . What is the difference between co-ordinate 
and subordinate clauses in a compound 
sentence ? 

5 . What is the characteristic feature of the 
subordinate clause with regard to the verb ? 

6 What are the positions of the subordinate 
clause in a compound sentence ? 

7 . How does the use of different classes of 
conjunctions affect the mutual relation of 
co-ordinate clauses ? 

8. Why is it often necessary to employ sub- 
ordinate clauses, and when are they to be 
avoided ? 

9 . How can the subordinate clauses be classi- 
fied V 

10. What is a subject clause, and by what words 
is it introduced ? 

11. What question (with regard to the case) is 
answered by the object clause ? 

12 . By what words is the object clause intro- 
duced ? 

13 . Which correlative pronouns are sometimes 
introduced into the 2)rincipal sentence, and 
for what reasons ? 

14 When can a subordinate clause be con- 
tracted ? 

16 . How does contraction by omission of certain 
words affect the verb in the subordinate 
clause ? 

16 . What is the sequence of words in a con- 
tracted interpolated subordinate clause ? 

17 . What considerations necessitate the use of 
tlie subjunctive in subordinate clauses? 

18 . By which conjunction are “narrative 
clauses ” frequently introduced ? 

Exercise. Contract the following sentences : 

JDem Hiube untrbe bfH)icn, tag te im Simmer blcibc. 

The child was bid to stay in the room. 

3 )em llinte murte bffc()(fn, tag tableibe. 

The child was bid to stay here. 

3 d) bat ii)«, tag cr mir i^elfe. 

I bogged him to help me. 

3 d) bat U)n, tag et mir init eiiti^em ©rite au^()elfe. 

1 begged him to assist me with some money. 

3 (b bat i^tt, tag tv fi^ einftmeiten ini(i^ begcife. 

I bogged him to get on meanwhile without me. 

@r erfldrte, tag tt nid()t« ta»ou miffe 

He declared that he knew nothing about it. The 



fur(l)tetc, t>a^ il)m fdn mitteiltu 

father feared that his son would tell him nothing. 

l^effe, tag id) movi^u ftui) abreifeu irevtc. 

1 hope that 1 shall start to-morrow morning. 

»ar, wif er mir fagte, f(^wrf (id). JHenig anirte, 
It was, as ho told me, terrible. As the paper 
ivie tie 3einmg berid)tctc, gldujent cmvfaitgeu. 
reported, the king was given a splendid reception. 
!Den Ilruv^jen UMivtc ter !i^cfcl)l erteih, tag gc tad Scuer 
The troops wore given the order to open 
eveffnen. ©cftattcu (5ic mir, tag id) LM)ueii aded cr^dblc. 
lire. Allow me to tell you all. 

(^rlauben eic mir, tag id) £ie nad)gend befud)e. (^3c 
Allow me to call on you shortly. Oer- 
U'ig.abcr tvad)tni 8if, tag «ie nid't ten Augtcrfdumeu. 
tainly, but try not to miss your train, 
'lihuu ed fid) fo tfr()alt, tanu blcibc id) nod). J^alld 
If this is tlie case, I shall stay yet [a while]. If 
v^ie €d#b( a'unfd)fu, unit ed cinfad) iiidn gefd'ciien. 
you do not wish it, it w'ill simply not be done. 

VII. At i 


Key to Exkucise in Examination Paper XXI. 

(Page 3932) 

od) UMv meiuev '^idit cingetenf. 3)rv (gc()n 
ift fciiicm iiJatev* a!)nlid). il)ie Vuge mar ten 
'.Ht()cueru angebercu. 4)ie *Sad'c fd)icu tern 'Beamleu 
betcnfiid). (^r fcld)en fd)rcff 

lid)cii 'lUvbrcdjcud fal)ig. iTev (Slefaugcuc mar ted 
Urteild gemartig. JTic t^lteru fiut tev <Strad)e nid)t 
mad)tig. £oltaten mareu ted JDieiifted ubertvuffig. 
Tm 'Eoltateii mav tev 3Meng ubertriifgg. SDad Jl'iiit 
ift feinen (tltevn (Me()ovfam fd)nltig. X)iefc ^^autlung 
ift teiufv immuvtig. 9)lau nberf)ob mid) tev SWfil)f. 

Bevfciger mnrten ted iT^iebcd ()ab()aft. iT^iefer 
3mifd)enfall evmied fid) mil gunftig. JDad ig i()v gaiu 
gleidigultig. JTad 'Btlf ift tent .Hcnig nntertan. 
Sri'^tem tev Rail tern fHid)ter niiflar mar, fant er ibn 
ted 'Bevbied)end fd)nltig. it^ev Reltl)erv mar tiefer 
gvegen Uber^al)! nid)t gemad)fen, nnt ergab gd), aid er 
ter l)evanvmfenten fvifc^en Ivntmen angd'tig miivte. 

e Theatre 


What piece is played to-night at your theatre i 
Wagner’s ‘ ‘ Tannhauser . ’ ’ 

(Vn 1 have a ticket ? 

Yes, but the only vacant scats are in the last 
row’s of the stalls. 

There are no more seats in the front rows ? 

C^an you see w eU from the back rows i 
< )h, yes ; the theatre is built like an amphitheaire. 
(’an 1 have a corner seat? 

No, I am sorry, only the centre seats aie vacant. 
How much is tlie seat ( Four marks. 

When does the j>erformance begin I 
At 7.30 p.m. 

And when is it over ? At 10.30. 

Is the cast good ? 

The cast is excellent. 

Can 1 have a programme ? 

You wnll get that at the theatre. 

Is it also possible to get a book of the words ? 
Yes, you only have to ask at the box-ofticp. 

A 1 c there noau tomatic machines f< a* oj »era* glas.^es? 
No, they have not been introduced here. 

Howr many minutes is the long interval i 
Where is the butiet ? On the second floor. 

Is Miioking ))ermitted in the passages ? 

Oh, no ; it is not allowed anywhere within the 
theatre. 

Must one’s stick be left in the cloak-room i 
Will you give me my overc<jat ? 

Will you, please, get me a cab after the theatre. 

, VIII. At 


59ad fiiv fin (Stiiif mitb ()cutc in 3()rcm ^()eatcr 
gffViclt { 'hlagncr’d „‘Iaiin!)aiifcv". 

.gann id) tin Billet l)aben ? 

3a, abev ed gnb miv 3 i| 5 f in ben (eblcn )Wcil)fn bed 
Bavfettd fret. 

3n ben vcvbeven flleil)en gibt ea feine (Eifee mel)v ? 
Eicl)t man gnt in ben vurfmavtigcii JWei()en ? 
r ja, baa !Ibwtet ift amb()itl)eatva(ifd> gebant. 

.ttann id) einen (^rfgjj l)aben '< 

Veibcv uid)t, nut in ber aWittc giib ueld^e fvcl, 

Bbid foget ber Eib Btev lilWavf. 

'llHinn beginntbie Bcvgellnng? 

Urn halb ad)t IU)V tHbenbd. 

Unb mann enbet ge i Urn ()alb elf U()r. 

3g bie Befebuna gnt? 
i^ie Befebnng ift vcrpiglid'. 

.gann id) einen I l)eatev^ettrl ()abeu ? 

3>en befommen Eie im 'X ()eater. 

3g ba and) ein levtbnd) erl)altli(^ ? 

3a, baa bittc mir »cm Billettenv pi rerlangen. 

(Mlbt ed feine Cvernglad-d?lntcmatcn I 
glein, bad ig bci niid nid)t eingrfiil)rt. 

Bde inele 3Jlimiten banevt bie grogc 3txHfd)enbaufe ? 

Bh' ig bad Buffet i 3m preiren Etodmerfe. 

T'avf man in ben l^cnlcivd vand)en t 
O min, bad ig in feinem tyfanme innevbalb bed 
I l)eatevd geftattet. 

Bing man ben Etorf in bev (S3arbevobe abgeben ? 
aiUdlen Eie imv meinen Uberrorf geben ? 

Bilte, befergen Eie mir eine T>rofd)fe na(^ bem !l()eatcv. 

e Barber’s 


1 want a shave. Will you sit down, please.^ 

Will you soap me well, as my beard is stiff. 

Is the brush well cleaned ? 

We always clean everything most carefully 
after use. 

The ra/i(jr is scra])ing a bit. C<juld you not 
sharpen it a little ? 

It is better now. 

After washing, you ran give me some cau de 
Cologne. And now a little rice powder. 
Will you cut my hair, but not too short. 

I also want a shampoo. 

How much do I owe you ? 

Altogether it amounts to 60 pfennigs. 


B'cKcn Eic mid) vagven? Biflc iiw «fl)mcn. 
Bittc mid) gut cinpifcifcn, ba mein Bavt f)avt ig. 

3g bev Btnfcl gut geveiiiigt? 

Bci itiid mivb al(cd iiad; jcbcdiualigcrBcnubuug auf bad 
Ecvgfaltiggc vein gcmad)t. 

Ij^ad gfagrmcffcr fra^t ciu ivmig. .geunten Eic cd 
nid)t fcbavfcv madicu f 
3)c|.t ig Cd beffer. 

glad) bem a9afd)cu fdimtcn Eic miv ctirad ^clnifd) 
ai'affcv gcbcu. Unb uun ctivad Poudre de Biz. 
Bittc mir bie $aare pi fdntctbctt, aber ntd)t ^u fuvp 
Eic frurtcii mir au(b bcu .ge^f mafcbcii. 

Bind bin id) fcbulbig? or Blad ()abe id) ^u bc^al)(cu? 
inUcd ^ufammeu mad)t 60 Bfcnnigc. 

CorUinued 
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SPANISH By Amalia de Alberti d H. S. Duncan 


REGULAR VERBS— continued 
Third Conjugation 

Model Verb — ^Vivir, to live 
Infinitive Gerund 

Vfvir, to live viviendo living 

Past Participle 
vivido, lived 

Indicative Mood 
Present Imperfect 

vivOf I live vivia, I was living 

vives, thou livest vivias, thou wast living 

vive, he lives he was living 

vivimoSf we live viviamos, we were living 

vivia, you live viviais, you were living 

viven, they live vivian, they were living 

Past Definite Future 

mvi, I lived vipirdf 1 shall live 

viviste, thou livedst vimrds, thou wilt live 
vivid, he lived vivird, he will live 

vivtmos, wo lived viviremos, we shall live 

vivisteis, you lived vimreis, you will live 

vivieron, they lived rivirdn, they will live 

Conditional Mood 
viviria, I should live 
mvirias, thou wouldst live 
viviria, he would live 
viviriamos, we should live 
viviriais, you would live 
ifivirian, they would live 

Imperative Mood 
— vivnmos, let us live 

vive, hve (thou) vivid, live (ye) 

viva, let him live vivan, let them live 

Subjunctive Mood 
Present 

viva, I may Jive vivamos, we may live 

vivas, thou mayst live vivdis, you may live 
viva, he may live vivan, they may live 

Imperfect 

viviera, or mviese, I might live 
vivieras, or vivieses, thou mightst live 
vimera, or viviese, he might live 
vivieramos, or vivieserms, we might live 
vivierais, or vivieseis, you might live 
vivieran, or viviesen, they might live 

Future 

viviere, when I shall live 
vivieres, when thou wilt live 
viviere, when he will live 
vivieremos, when we shall live 
viviereis, you will live 
vimeren, mey will live 

Note. The compound tenses arc formed 
with the verb haher and the participle vivido. 
Example : he vivido, I have lived, etc. Only the 
second person singular and plural are original 
forms, the rest are all borrowed from the subjimc- 
tive present. The original imperatives cannot be 
used in the negative ; the negative imperative 
must be rendered by the subjunctive present. 
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Original Imperatives Negative Imperatives 
arm, love (thou) no ames, do not love 

amad, love (you) no ameis, do not love 

come, eat (thou) no co^s, do not eat 

corned, eat (you) no comdis, do not eat 

vive, live (thou) no vivas, d not live 

live (you) no viidis, do not live 

The other persons being alreadv in the sub- 
junctive, need only the addition of no to become 
negative. 

amemos, let us love no amemos, let us not lovt‘ 

Euphonic Changes. The following 
changes are made in the spelling of certain 
regular verbs in order to retain the same pro- 
nunciation of the stem throughout con- 
jugation. ^ 

1. All verbs ending in car change the c into 
qu before e — that is, in the first person singular ot 
the past definite, throughout the subjunctive, 
and in those persons of the imperative which 
are borrowed from the subjunctive. Example; 

Tocar, to touch 

Past Def — toque, tocaste, toed, etc. 

Sub. Pres. — toque, toques, toque, toquemos, 
toqneis, toquen. 

Imp. — toca, toque, toquemos, focod, toquen. 

2. All verbs ending in gar take u after the g 
in the same persons. Example ; 

Pagar, to pay 

Past Def. — pa^ue, pagaste, pagd, etc. 

Sub. Pres. — pague, pagues, pague, pagvemos, 
pagueis, payuen. 

Imp.— paga, pague, paguemos, pagad, paguen. 

3. All verbs ending in zar change the z into c 
in the same places. Example: 

Alcansar, to reach 

Past Def. — alcance, alcanza^te, alranzd, etc. 

Sub. I^es. — alcance, alcances, alcance, alcan- 
cemos, alconceis, alcancen. 

Imp. — Alcanza, alcance, alcancemos, alcanzad, 
alcancen. 

4. Verbs ending in gimr take the diserosis in 
the same tenses — that is, before e. Example; 

Averiguar, to ascertain 

Past Def. — averigiie, averigiiaste, averiguo, etc. 

Sub. Pres. — averigiie, averigiieis, averigiie, etc. 

Imp. — averigua, averigue, averigiiemos, averi- 
giiid, averigiien. 

5. Verbs ending in cer and cir preceded by a 
consonant change c into mk before a or o; that 
is, in the first person singular of the indicative 
present, throughout the subjunctive present, and 
in imperatives borrowed from the subjunctive. 
When the ending cer and cir is preceded by a 
vowel z is insert^ before c whenever the latter 
is followed by a or o — that is, in the aforesaid 
places. Example: 

Veneer, to vanquish 

Ind. Pres. — venzo, vences, vence, etc. 

Sub. Pres. — vema, venzas, venza, etc. 

Imp — vence, venza, venzdmos, venced, venzan. 




£aparcir» to scatter 
Ind. Pres. — esparzo^ esparces^ esparce^ etc. 

Sub. Pres. — esparza, esparzas, eaparza, etc. 
Imp. — esparce, e&parza, eaparzdmos^ esparcid. 


esparzan. 

Nacer* to be bom 

Ind. Pres. — nazco^ naces^ mce, etc. 

SUb. Pres. — nazcu, nazcasy nazca, etc. 

Imp . — naccj nazca, nazcamos^ naced^ nazcan. 

6. Verbs ending in ger and gir change g into 
j l)efore a and o. Example: 

Coger, to gather 

Ind. Pres. — cojo, cages, c/jge. etc. 

Sub. Pres. — coja, cxtjds, coja, c^jamos, cajais, 
cojan. 

Imp. — cage, coja, cojamos, cxiged, cojan. 

Dirigir, to direct 

Ind. Pres. — dirt jo, diriges, dirige, etc. 

Sub. Pres. — dirija, dirijas, dirijamos, dirijais, 
diri jan. 

Imp. — dirige, dirija, dirijainos, dirigid, diri jan. 

7. Verbs ending in guir drop the v before 
a and o. Example : 

Diatinguir, to distinguish 

Ind. Pres. — distingo, distingues, distingue, etc. 

Sub. Pres. — distinga, distingns, distinga, etc. 

Imp. — distingue, distinga, distingamos, dis- 
tinguid, distingan. 


8. Verbs with stems ending in ch, ll, or n, drop 
the i in the diphthongs ie, h whenever these occur 
in the terminations — that is, in the gerund, third 
person singular and plural of the past definite, 
and in the imperfect and future of the sub- 
junctive. Example : 

BuUir, to boil, (ierund, huUendn, etc. 

Planir, to lamcmt. Cerund, pUmetido, ct<*. 

Henchir, to fill. (Jerund, hinchendo (irreg.), etc. 


Vocabu* 

lary 

Adhere 
To router 
To consent 
To convert 
To jfivc the lie 
To aiiitibe one* 
Hcir 

To wound 
To infer, to de- 
duce 
To invert 
To lie 
To pervert 
To h])eak, to 
express 
A fpiat'k 
A table 
A fatalist 
Womanly 
The fair 
The railroad 
Thin 

Frivolous 
The huioking- 
rooiii 

The fuiptive 
The foundry 
Gallantly 
Tlie gallery 
The gallop 
The picklock 
A brick 
A slate 
A wood 
A deseii; 

(The) manure 
A root 
Vegetables 
A bunch 
The vintage 


Vocabu- 

lario 

Adherir 

Coiifcrir 

Conseritir 

Convertir 

Desnientir 

Divertirsc 

Herir 

Inferir 

In vertir 
Mentir 
l*ervcrtir 
Profenr 

Un eini)iri(‘o 
Una fabula 
Un fatalista 
Fetnenil 
La f^ria 
£1 ferrocarril 
Flaco 
Frivolo 
£1 salon para 
fuiuar 
El fugitivo 
La fundicidn 
(lalantemente 
La galena 
El galope 
La ganziia 
ITn ladrillo 
Una pizaiTa 
Un bos^ue 
Un derierto 
El estiercol 
Una raiz 
IjM Icgumbres 
Un racimo 
Im vendimia 


Vocabu- 

larr 

The > itieyard 
A cart 
A wheel 
The axle-tree 
The yoke 
The w'hip 
A reuiier 
A carman 
A vintager 

A (wooden) 
shovel 
A furrow 
A scythe 
A threshing- 
floor 

An arlKiur, or 
bower 
A fountain 
A tube-pipe 
Potatoes 
Artichokes 
Straw 
The aviary 
A bird-catcher 

The grain 
Tlie granary 
The glolMi 
The glory 
Hea\en 

A glossary 
A glutton 
Syrup 
A jug 
A cage 
A pack of 
hounds 
TJie chief 


lario 

El V ifie<Io 
t hi carro 
Una rucUa 
El eje 
El vugo 
El ktigu 
Un segador 
Un carrct**ro 
Un ^ciidiuiii 
dor 

Una palu 

Un suico 
Una guadaha 
Una era 

Una enramada 

Una fuente 
Un eauo 
Patatos 
Alcachofas 
Paja 

l.(a pajaruru 
Un ctizorlor de 
pajaros 
El graiio 
El granero 
El globo 
La gloria 
El cielo, el 
finnainciito 
Un glosario 
Tbi glotoii 
Jaralte 

Un jarro, jarra 
Una Jaula 
ITna jauria 

El jefe 


Exercise XIII (1) 

TranslaU*/ tiic following into Spanish : 

I. Since when has the banker M . . . . 

had the cross of ? 2. It 

was conferred on him after the war. 3. 1 
shall be pleased to deny the false rumours 
which have been current in the town. 4. He 
was wounded in the right arm by a pistol 
shot. 5. Was it the right or the left ? G. I 
have already said it was the right. 7. I inferred 
that he was ill. 1 have not seen him for many 
days. 8. That man is capable of perverting 
the wisest person, his doctrines are scandalous. 
0. Let us go (vamos) to the fair, we shall cer- 
tainly be able (podr^mos) to buy good colts and 
liorses. 10. The smoking-room is at the end of 
the garden. 11. To-morrow we will go (ir^mos) 
to the cannon foundry. 12. The thief opened 
the door with a picklock. 13. The sentinel 
is in the sentry-box. 14. Have you sufficient 
gr^es for the vintage ? No, I have not 
sufficient ; but I have beautiful bunches. 15. 
Have you a vine ? I have two— one in Moguer, 
the otner in Jeres 16. The axle broke when 
the horses were galloping (iban al gal6pe) and 
the carriage upset. 17. Death is represented 
with a scythe and hour-glass. 18. The reapers 
hold the superstition that if they cut any 
animal in reaping, whether bird, rabbit, or 
any living thing whatever, they have cut their 
own lives. 19. After the harvest is finished, 
the harvesters dance on the threshing floor ; 
it is a custom which dates from the Middle Ages. 
20. The fountain in the garden is of marble, 
and the water very limpid. 

r.XBBOISE XIII (2) 

Translate the following into English : 

1. Vengo para averiguar los pormonores del 
robo que tuvo (took) lugar ayer. 2. Nada mas 
podemos decir, d lo ya expucsto. 3. Seria 
jiosible eoger a los ladrones si nos dieramos prisa. 
4. No vale la pena, lo quo cojieron os de poeo 
valor, y despues de todo aquello de “ vivir y 
dejar vivir ” viene bien aqui. 5. Pis hombre de 
gran voluntad, nacio de la nada, y vea la posieion 
que ocupa ; piense en todas las dificultades 
que ha tenido que veneer. 6. Es muy dis- 
tinguido. 7. Vamos a eoger el tren. Pis tarde 
y si no llegardn Vds a tiempo ; no lo oogerdn. 

8. i Ten cuidado ! osparces esa semilla en cl 
eamino, y si no quedard ninguna para el jardin. 

9. Esa mujer es muy frivola v superficial. 

10. Fuimos anoche d la galoria del Teatro Real, 
no me gusto la tragedia, la primera dama es 
demasiado vieja, y el primer galan no sabe 
deelamar. 

PROSE EXTRACT XI. 

P>om a satirical essay by Antonio de 
Valbuena, entitled: 

“ Acadcmicalitics.” “ Academiquerias.'* 

You are all aware Ya sabenustedes que 

that the worst writer in quien peor escribe en 
Spain is the Academy, Espafla es la Academia, 
the Royal Spanish la Real Academia 
Academy, whose office, Espanola, encargada, 
according to itself, is segiin ella dice, de 
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to purify^ deiiiie, and limpiar, Ajar y dar 
ada lustre to our native lustre al idioma patrio. 
tongue. But though Pero aunque lo saben 
you have known this iistedes hace ya mucho 
for a long time, it will tiempo, no serd malo 
be as well to remind recorddrselo para que 
you of it, in ease you no se les olvide. 
should forget it. 

It will ako be as well Y tampoco serd malo 
to warn you, in order to advertir d ustedes para 
spare you a shock, that evitarles algun susto, 
the document we are que el escrito que 
about to examine eman- vamos d examiner 
ates from the aforesaid ahora pertenece d 
Academy. Because it la Academia referida. 
is the report of a solemn Como que es la 
academical function, rosefia de un acto 
and it is a well-known Acaddmico solemne, y 
fact that tlie Academy e? cosa bien aven- 
does not trust anyone guada que la Academia 
with the task of sing- no fia d nadie el encargo 
ing its glories, but de cantar sus glorias, 
always does jt itself, sino que lo hace por si 
And it does well, misma. Y hace bien, 
because if it did not porque si no las can- 
sing them, nobody else tara ella, no las cant aria 
would. nadie. 

The Academy under- Asi lo entidnde la 
stands this, and there- Academia, y por eso ya 
fore it is well known se sabe, al concluirse 
that after a session one cualquiera sesidn, uno 
of the Academicians de los Academicos 
present writes the asistentes d ella escribe 
eulogistic broadsheet el suelto laudatorio 
to be sent to “La para enviarlo d “ La 
Correspondencia “ and Correspondencia,” y 
other newspapers hav- demds periddicos dd 
ing a largo circulation, gran circulacion, le lee 
He reads it aloud, and en voz alta, se aprueba 
after a few corrections, despuds de alguna en> 
which make it, if pos- mienda que lo empeore 
sible, worse than before, algo si es posible, y 
it is approved, and sent se remite d las redac- 
to the editors with the clones con el sello de 
trade-mark of the firm, la casa. 

The broadsheet, or El suelto, 6 mds bien 
rather the short article el articulejo de refer- 
in question — for it is encia, porque es casi 
almost an article — un articulo, sali6 con 
appeared with two dosrotulos. El primer 
headlines. The first dice : ** En la Academja 
says : “ In the Spanish Espafiola,’* y el que 
Academy,’* and the one estd debajo ; “ Premios 
below, ^‘Rewards of d la virtud.” Y em- 
Virtue. ’ ’ Then it begins: pieza : 

“ Yesterday the “ Ayer celebro la 
Spanish Academy held Academia Espanola 
a solemn public session sosion solomne y 
in order to distribute pdblica para repartir 
the prizes awarded by los premios de la 
the St. Gaspar Fund, Fundacidn denominada 
which is governed by de San Gaspar, que 
that learned body.^’ estd regida, por aquella 
docta corporacidn.” 

Here we have the Aqui estd el sello 
trade mark of the firm, de la casa, de que 
which 1 mentioned a habld hace poco. For 


little while ago. For que nadie llama ya 
now no one alludes to docia torporacian d la 
the Academy as a Academia, mas que la 
“ learned body,” ex- Academia misma d 
cept the Academy it- algdn aspirante. 
self, or some aspirant. 

Therefore, the au- De modo que no 
ihenticity of the docu- cabe duda de la auton- 
ment is beyond dispute, ticidad del escrito. 

Antonio de Val- Antonio do Valbuena 
buena (1844), a leading (1844), uno de los 
journalist, well known primeros periodistas 
for literary and politi- bien conocido por sus 
cal satires. The above sdtiras litcrarias y 
extract is a good ex- politicas. El extsacto 
ample of light journal- que mas arriba citamos 
istic Spaniel. es un buen ejemnlo del 

, estilo ligero ae los 

periddicos Espafioles 

Kby to Exbbcisb XII (1) 

1. Compro la came, los huevos y la leche 
en la hacienda ; el hortelano muy honrado. 

2. Los comprard tambien ani, tambien com- 
praromos polios, mi hija y yd. 

3. i Comen Vds muchas aves ? 

4. Si, nos gustan mucho. 

5. Yd edmo mucha ave, hemos comprado 
perdiccs y faisanes. 

6. Deseo demostrar a Vd este problems. 

7. El juez ha fallado el pleito. 

8. La fama de Shakespeare ha llegado hasta 
el fin del mundo. 

9. Esa mujer amiga de Vd es capaz de embroil- 
ar d la familia mds unida. 

10. El oarruaje, yendo por elcamino real, volcd 
y el cochero y los caballos fuoron lostimados. 

11. Con prisa llevdron al prisionero a la cdrccl. 

12. Quizd venga a verme el medico, mi hi jo 
se queja de dolor de cabeza. 

13. Abra Vd su sombrilla, que el sol quema. 

14. Cuando escavdron en la barranca encon- 
traron una hermosa estdtua. 

15. El faro del puerto de Cddiz se vd de 
muy Idjos. 

16. Me han robado mi dinero del bolsillo. 

17. i Cuando fud esto ? 

18. Cuando fui a comprar la Biblia para los 
nifios. 

19. Deseo d Vd un feliz ano nuevo. 

Kby to Exercise XIT (2) 

1. The orphans loved their father. 

2. The students love their dog. 

3. I shall love my children. 

4. Do not fail to Jove thine enemy; thus 
the gospel commands. 

5. Dine with us. 

6. We shall dine with you with much pleasure. 

7. A blind man does not require to see to eat. 

8. It is better to laugh than cry. 

9. He won his suit, and gave a big dinner. 

10. Deaf mutes can speak with their fingera. 

11. The actor declaimed very well. 

12. Canaries sing, and dogs bark. 

13. When we go to the orchard we eat 
fruit. 
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•lATUMl. HMrrollV 

A starfiBh hatches fram the egg as a two-sided 
bipinnaria larva, the body of which is drawn 
into soft arms [S89] covers with cilia. After a 
time two rounded thickenings appear in its 
skin, one on each side. These are the beghmingB 
of the adult body, which appropriates the 
stomach and some other of 
the larval organs, while the 
rest of these, including the 
soft arms, are absorbed. 

Starfishes are remarkable 
for their powers of restoring 
lost parts. A detached arm 
can grow a fresh disc and 
another four arms. 

Brittle Stare. The 
arms of an ordinary starfish 
are merely continuations of 
the central disc, and glandular 
prolongations of the stomach 
extend into them. But this stalked 

is not the case in a brittle star labva op feather 

[540] , where the arms are ®tar 

slen^r, extremely mobile 
appendages, which are readily 
detached. They are the agents of locomotion, one 
beinc kept to the front, while the others “ row ” 
the body rapidly along over sand or seaweed 
in a somewhat spasmodic fashion. There is no 
crawling by means of tube-feet as in an ordinary 
starfish, and on examin- “ 

ing the under side of the 
body the five-rayed 
mouth will be seen [540], 
but no grooves below the 
arms. These, in fact, have 
been floored-in by plates, 
at the sides of which 
project the tube-feet, used 
in this case only for 
breathing and as feelers. 

A brittle star hatches 
out as a 'pluteua laria 

[541] , with stiff arms sup- 
port^ by calcareous rods. The adult body 
arises in much the same way as in an ordinary 
starfish. 

The Sea-urchin. An ordinary or regulaf 
sea urchin [544] is spheroidal in shape, the mouth 
being in the centre of the 
und^ side. The calca- 
reous plates in the ’skin 
are ve^y regularly 
arranged in twenty series 
running from the upper 
to the lower pole, and 
disposed in ten double 
sets, comparable to the 

gores of a balloon. Five of these sets are 
pmorated by minute holes through which the 
tube-feet ^ject. • These are used for crawling 
and climbing. The body is covered with numer- 
ous spines attached by ball-and-socket joints. 
They constitute formidable defences, and in some 
tropioal species can effect poisoned wounds. 
Itoy of the spines are m^ified into little 
pincers, as in* starfishes, but in this case there 
are three instead of two jaws. 




A regular sea-urchin feeds upon seaweed and 
the small animals^ attached thereto, and to deal 
with these there is a complicated biting arrani^- 
ment consisting of five peunted teeOi (which 
grow continuously like tiie front teeth of a 
rabbit), and numerous plates for the attachment 
of chewing muscles. The whole arrangement 
when dissected out looks like an antique lantern, 
and is, in fact, known as 
“ Aristotle’s lantern.” 

The irregidan sea-urohins 
[546] are of more specialised 
nature, and markedly two- 
sided, as well as more or less 
flattened. The mouth has 
been shifted forwards towards 
the front, and is devoid of 
any chewing apparatus, here 
unnecessary, for the food con- 
sists of the nutritious matter 
contained in sand, which is 
swallowed in large quantities. 

A sea-urchin hatches out 
as a pluteua larva [542], which 
differs in detail from that of 
a brittle star. The egg-producing organs or 
ovaries of sea-urohins are valued as food by 
some of the primitive coast-dwelling peoples, 
such as Fuegians, and are the object of a not 
unimportant industry in the West Indies. 

Life on the Floor 
of the Sea. Sea- 
cucumbers are elongated 
tough-skinned creatures 
[545] which crawl on the 
sea-floor or burrow in its 
deposits, and are much 
more muscular than other 
hedgehog - skinned 
animals. The mouth, at 
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diagrammatic vertical section 

THROUGH A STARFISH 

a Mouth b First, and r second parts of stoniaoh one end of the body, is 
d Glandular branch of stomach e Intestine / Madrc- Klnnf 

poric plate /I Surface view of same (enlarged) c ^tone »urrounaea oy oiuni 
canai h Water-vascular ring 1. Radial canal I Tube- t^tacles which help to 
feet m. Vesicles of tulie-feet n. Tentacle shovel food into it. The 

skin is hardened by lime to a less extent than in the 
groups BO far considered, but contains scattered 
plates of characteristic form, resembling wheels, 
anchors, etc., and making attractive microscopic 
objects. The tube-feet are generally arranged in 
five longitudinal bands, 
though they are some- 
times scattered over the 
surface of the body[545], 
or, more rarely, they 
may be entirely absent, 
li^ some forms which 
creep on the floor of 
the deep sea there is 
a well-marked distinc- 
tion between upper and 
under sides, the latter 
being fiat, and remind- 
ing one of the muscular foot ol a snail. 

A sea-cucumber begins life as an ourieviaHa 
larva [fi48], which is of somevdiat simpler chafie- 
ter than the larvae of starfishes and sea-nrdhihB. 

The dried bodies of sea-cuoumbefs, com- 
mercially known as trepaog oi bAAe-de-mer, are 
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LARTA LARVA 
OF SEA- 
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largely used as food by the Chinese and some 
other Eastern peoples. One of the most im- 
portant trepang fisheries is that of the Great 
Barrier Reef, off the east coast of Australia. 

ZOOPHYTES 

** Simply a Stomach.** Zoophytes (f7cr2en- 

terafa) [see Plate facing page 4081], of 

which sea-anemones, corals, and jelly- 
fishes are familiar examples, are dis- 
tinguished by the ray-like symmetry we 
have already noticed among starhshes 
and their kind, though here, as a rule, it is 
more perfect. In structure they are much 
simpler than any of the animals so far con- 
sidered. For such a creature is to all 
intents and purposes simply a stomach, the 
wall of which is made up of two layers of 
cells, one (ecUiderm) external, and the 
other {endoderm) internal. In higher 
animals a third layer (mesoderm) is 
interposed. 

The ectoderm is studded with innu- 
merable microscopic capsules (thread- 
cells)^ from which poisoned threads with 
barbed bases can be shot out, serving as 
formidable weapons of offence and 
defence. These assist in procuring food, 
which consists of crustaceans, small fishes, 
and various other animals, for these 
cn^atures are highly carnivorous. 

The name “ zoophyte ” (Greek ; zoon, animal ; 
phyton, plant) was originally applied to some 
of the fixed members of this group at a time when 
their animal character was a matter of doubt. 
Two chief sub-divisions are recognised : (!) l8ea- 
fiowei's (Anthozoa ) ; and (2) Hydroids (Hydrozoa). 


BBR a \routh 646. IRRBOULAB SEA-URCHIN 

Sea ■ flowers. Visitors to the seashore 
certainly will have noticed coloured jelly-like 
blobs, adhering to rooks, and opening out when 
placed in water, exhibiting a central mouth 
surrounded by circlets of tentacles. ^Jliese are 
the sea -anemones [ree Plate facing page 4081], 
which well deserve their name, for they are 
very flower-like in appearance. Men- 
tion has been made on page 3808 of the 
way in which some of them are 
associated with crabs and hermit crabs. 
The mouth of a sea-anemone leads into 
a short gullet, that hangs down into the 
cavity of the body, with the wall of which 
It is connected by radiating fleshy par- 
titions (mesen^ertCH) Between these are 
numerous smaller structures of the same 
kind as project from the body- wall only 
part of the way to the gullet. 

One of the largest of our native ane- 
mones (Tealia) has sticky knobs on its 
body to which small stones adhere to 
form a protective covering. When the 
animal is shut up or retra'^ted it is very 
inconspicuous, looking like a small heap 
of fine gravel. It may bo not.ed in pas- 
sing that the bright colours which 
distinguish anemones and their kind are 
probably of “ warning ” nature, such as 
lA-ULY ttdvOTtise unpleasant firoperties, in this 
case the ability to sting. Anemones, 
and the same is true for other zoophytes, pro- 
pagate not merely by eggs, but also by budding 
(gemmation) and splitting (fission), especially the 
latter, which may often be seen in process in a 
marine aquarium, in anemones, however, the 
products do not remain united to form a colony* 
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548. BBITTLB STAR (UNDER SIDE) 
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Corals. Oomls are olomfy lakted to m ooiil (W]. ^vliero tbe boimdarles balwmi the 
anemones, but di^ fxom thm bj eecicftiiiig a indiTiiliiala aro aot clearly mariced. 


hard limy skfdetoa in the 
base of the body. They are 
either mmple or oompimmd 
^colonial). The uneU-known 
muduoom coral may be 
taken as an example of the 
former. Its akeleton is a 
shallow cup [552], exhibiting 
numerous radiating {dates 
{sepki), corresponding to the 
intervals between the Bediy 
mesenteries of the polype. 

If we look at the upper sur- 
face of such a coral in the 
living state [551], we shall 
see mouth surrounded by 
circlets of tentacles, much 
as in a sea anemone. 

A colonial coral consists 
of a number of individuals, 55 ^ mcshboom 
relatively small in size, con- 
nected together by a common flesh (comoaarc), 
and formed by the budding or splitting of a 
smgle original polype, the results 
of &e process remaining united. 

Part of such a coral {8i£Br€Lstrcea) 

IS here figured [655], showing 


551. MCSHSOOM CORAL (SOFT PARTS) 






558. MCSHSOOM CORAL (SKXLSTON) 558. BBAKCHTNO CORAL 

(Photographs by Prof. B. H Bentley) 
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Coffrnl HmCiu Corals 
are marine creatures wide^ 
distributod, some living even 
in c<dd latitudes, and otoers 
on the floor of the deep 
sea. Coral ree&, however, 
made up of the skeletoiiB of 
such animals, are only found 
in the wanner parts of the 
ocean, wfateie the water is 
clear, particularly favourable 
conditions being aflorded by 
the Pacific and Indian 
Oceans. Three varieties of 
coral reef may be distin- 
guished: ( 1 ) Fringing Reefs, 
situated close to the land and 
separated from it by shallow 
water ; ( 2 ) barrier reefs, 

tAL (SOFT PARTS) fi^rther from the land and 
separated from it by deeper 
water (when round an island they are termed 
enHrding reefs) ; (3) atolls, rings of coral with 
a central lagoon much shallower 
than the surrounding water. 

Much discussion has taken 
place regarding the origin of coral 



554. BRAIK CORAL 


four polypes and the calcareous cups from 
which several others have been seraph away. 

Developtnont of 
Coni. Another figure is 
given [556] in illustration of 
the Hfe-history of the last- 
namedooraL Andoiigated 
ciSatod larva hatches from 
the egg, and after swimm- 
ing al^t for some tiine 
fim itself to some fim 
object, and develops toe 
tentacles and mesenteries 
cfaaiaetieristic of the adult. 

It win be noticed that the 
tentacles am at limt eleariy 
arranged in sixeB, and toe 
same thing is true of toe 
meaenteriea, the poiitiaii of 
iiliioh is indxsatod bj lines. 

l^yccnals branch [658], 
while others fom compa^ masses, as in the 
kind above described, and also in brain 
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reefs. It is known that the polypes can only live 
and flourish in comparatively shallow water, yet 
barrier reefs and atolls make 
up walls of coral which 
descend for hundreds, or 
even thousaends, of feet into 
the depths. How is this tQ 
be accounted for ? Darwin 
ssqMDlied the most plausible 
expliaatioii, whiGii certainly 


smplieB to a great numbi^ 
of cases. It map best be 


of cases. It may best be 
illusfrated 1 ^ taking the 
case of an istuad. 

A ttolotoa InUmd. 
Hieie is no ditooulty in 
undenfettading how a rag- 
ing reef can be formed 
round the shores cl an 
iaiaod if we bear at nund 
that it is tkmfy sinking. 
Soeh slow downward movameiitB ipe known to 
havetakmi and to be taking place in various parts 


OOLOHIAL CORAL 





566. LIFE HISTOBY OF A CORAL 


of the world. As depression goes on, the corals number of mesenteries. All of them are colonial, 
will continue building on the dead skeletons of One of the commonest examples is afforded by 

their predecessors, and after a time will form lobed fleshy masses often cast up on our shores, 

an encircling reef, with the remains of the island and known by the rather depressing naipe of 

in the centre. When this is finally submerged, dead men*s fingers (Akyonium). When ex- 

tile atoll stage is reached. panded, these are very attractive in ap^rance 

Dead Mea*e Fingers. We now come to [667], the individual polypes projecting like 

sea-flowers of another kind, in which there are little flowers from the fleshy common body. In 

eight feathery tentacles, and a corresponding this case the skeleton consists of scattered 
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MIITUflAL MfSTOmr 


of UoM. lb MM of*tlM lektod IbnM, 
howmr, it » of flMHo oonpoot chaMoter. 

In tiio lodor pioeiowooMl (CbYiOiM ric6f^ 
lor inatonflo< tiSo bnndung colony ii snpnorted 


]elly*&lMi. k jotty^Mi^ or me c fa wo, ntny bo 
oomnnred to n umbmlli wU n thkkcned 
banole, nt tiie cod of whidi dho mouth is 
situated [W]. Sw im m in g is effected by the 
opening and shotting of the ambrella. 

Pond • dwolUfig Polypo^ There are 
some hydroid aoophytes in which the medneie 
are never set free, and still others in whidi 
the egg-producing buds are more or less unlike 
medusas in form. An extreme 
case is aflbrded by the fresh- 
water polype one of 

the common udkabitants of 
ponds [557], and a simple, not 
a colonial, organism. During 
the summer mb animal pro- 
pagates by buds, which are 
dehmhed when mature; but 
on the sppfOaoh of autumn one 
or two small rounded promi- 
nences appear on the basal 
part of its body, and in each 
of these an egg is formed. 
This surrounds itself with a 
homy coat, falls down into 

, , ^ the mud of the pond, and re- 

fer plants, and teobnioally fbbshwateb htdboid soopAytb mains in a doraiant state 


by a firm limy dmietoa of pink oolour. IHiis is 
covered by we common Am, from uikioh the 
wfiypes can be protruded much as in aloyonium. 
SoMwhat similar in genend character is the f an- 
coral (Chrgonia), of which the curious homy 
dreleton [568] is often hrou^t home by 
sailors. Much more beautifiuis the organ- 
pipe coral {TMpora munea), 
where each member of the 
cbhmy lives in an degent red 
tube [564]. The tubee are 
connected by thin platforms 
at regular mtervids, and from 
these new polypes grow on, 
so that the colony gradually 
increases in size from the base 
upwards. 

Growth on Senwooda« 

Growing upon seaweeds, and 
often cast up by storms on the 
diore, will be seen brandling 
structures, frequently mistaken 




550. HYDBOID 
POLYPE SPUT- 


known as hydroid zoophyUi, of 
which an example (ma^iified) 
is figured in 556. Thebmohes 
of the apparent idant are hocfiy 
tubes, enclosing the oonuDon flerii 
of theoolony, and in this case they 
end in litUe cups which shelter the 
individual polypes. Each of these 
resembles a simplified sea-anem- 
one in structure. It has fewer 
tentacles, and is devoid oi a gullet 
and raetenteries. The fife-history 
of the form known as CamptMu- 
krria [566]) is of special mterest. 

UmbMlln - UlLo Jelly, 
fiohon. Attached to the base of tsans- 

(he colony are elegant urn-shaped vbbsbly 
reoeptaoles, in which buds of 
facial character are produoec^ destined to be 
liberated as free-swimming jelly-fishes (ife- 
d%am)f representing the 
^-bearing stage. Freo- 
swimming larvss develop 
from the eggs, which 
after a time settle down 
and give rise to fixed 
farancningoolonieB. finch 
a liie-hisfory is an exam- 
ple of /'albentation of 
gcneratiofia, as pre- 
viously d^cribed for 
many plants and some of 
the parasitic worms. 

Hiat is to say, it includes 
an egg-producing stage, 
and a stage wluch propagates budding or 
^ desonbed, the me- 


a. Extended polype 
■ edpolm 

d Jelfy-fleh 


c. Um 



560. JELLY-FISH 


dnBB are produced l^ budding, but in some other 
, oases they arise W a process of splitting. This is 
filuahrated hy 556, which diows a fixed polype 
dividing transversely into a number of little 
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during the winter, when most 
of the adults periA. 

Most of the laager jeiiy- 
fishea [560], such as may be seen swimming 
in shoals during the summer, or stranded on 
our shores, have no fixed stage in the life- 
history, their eggs developing at once into 
new jelly-fishes. There are sIm many colonial 
jelly-fishes in existence, differing ei^ filing 
served by different members of the ookmy. 
In the example figur^ [561] the top individual 
18 a float, beneath whidh is a series of swimnung- 
bells, and below these again are leedmg and egg- 
producing indtividuals, some of which are pro vidra 
with long fishing lines. The Fortuguese Man- 
of-war (PhymUa), often mentioned in accounts 
• of voyages, is a com- 

pound jelfy-fish, pro- 
vided wi& a partioutariy 
>4 large float 

A lew of the relatives 
of the hydroid zoophytes 
secrete a esksuneous 
skeleton, sad rank as 
corals. A common form 
is Millopoea[565]. 

SrONGEd 

fipongM {Ponftra) are 
animals of peenliar struc- 
ture, which resemble zoo- 
561. COMPOUND JELLY-FISH phytes in many respects, 
a. Floftt S. Swimming bells e. and but possess neither ten- 

ttre^-oe^ 
Some are simple, but 
most of them are colonial. A simple sponge 
may 1^ compared to a cup or vase with a wall 
perfmated by numerous small holes, thioufl^ 
which currents of sea-water stream into the 
central cavity, to make thw exit by the mam 
opening. They are set up 1^ ciliary action. The 
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homy skeleton of a simple 
cup sponge is represented 
in 562. ^e ordinary bath- 
sponge is the similar 
skeleton of a colonial form. 

Venus's Flower- 
Basket. In the majority 
of oases the skeleton of 
a sponge is mostly or 
entirely made up of sharp 
needles of lime or flint, 
which may be welded 
together into a definite 
form. A very beautiful 
deep-sea siliceous sponge of 
the kind is Venus’s Flower- 
basket {Evplectella), the 
figure of which [666] 
shows very clearly the 
small holes into which the 
currents of water stream. 
In this case the opening 
of the vase is provided 
with a convex perforated 
covering. Another elegant 
form is the Olass-ropc 
Sponge {H ifahnema)^ na- 
tive to the Japanese seas 
[668]. It is rooted in the 
mud by a bundle of long 
glassy spicules, which are 
slightly twisted. 

Most sponges arc marine, 
and, despite their fixed 
habit and apparent help- 
lessness, are pretty free 
from the attacks of most 
other creatures partly 
because of the innumerable 
sharp spicules they contain, 
and partly because their 
taste and smell are un- 
pleasant. These deterrent 
qualities are often associ- 



662. CUP spoxoE 668. fan coral 

(With horny skeleton) (Gorgonlii) 



664. OROAN-PtPK CORAL 
(Tiibipoia) 



666. MII.LBPORB CORAF* 
(Millepoia) 


ated with bright warning 
colours, generally rc^, 
yellow, or orange. The re- 
lations of some cralis to 
sponges has been mentioned 
on page 3808 

A few sponges of greenish 
colour live in canals or 
slowly-moving streams, at- 
tached to various firm ob- 
jects. Like so many fresh- 
water organisms, they have 
a special device for tiding 
over the winter, which is 
very destructive to the 
adults. Towards autumn 
they develop little internal 
buds {gemmtdes), enclosed 
in cases made of peculiar 
spicules, shaped something 
like two little stars united 
by a rod. Those buds 
remam snugly in the mud 
till the winter is over, 
and then sprout into adult 
sponges. 

ANIMALCULES 



666. VSNUS’S FLOWER- 567. DEAD MEN’s 668. GLASS- 
BASKET , FINGERS ROPE SPONGE 


In the botanical part of this 
c*oui*se we found that th«» 
lowest plants are mostly of a 
microscopic size, and unicdlular — 
t.c., consisting of a single cell 
or structural unit, essentially 
a fragment of living matter 
(protoplasm), part of which is 
specialised into a nucleus. The 
latter appi^ars to regulate the 
vital activities. ^ 

Amoaba. The lowest ani- 
mals are also unicellular, and the 
popular term “ animalcule *’ — 
t.c., a little animal — ^has reference 
to their diminutive size. One of 
the simplest known oases is 
afforded by the Proteus Animal- 
cule (Am'xba), a mere droplet of 
semifluid substance without any 
definite form [669], or more cor- 
rectly with a form that is con- 
stantly altering. Animalcules of 
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TImi L«a*vd Rays. We oannot lum 
enter at great length into the varioua pEopertieH 
of the cathode rays. Nevertfaeiesa, oertain facts 
eonoeming them must he noted. It was ^own 
by flertz that all solids are not entirely opaque 
to them, and by Professor Lenard that, under 
certain conditions, the cathode rays can actually 
be made to pass from the inside of a discharge' 
tube to the air outside. Cathode rays after 
tranamission through solids are now known aa 
Lenard rays. Ihey are really cme and the same 
with the cathode rays. 6a^ Professor Hiom- 
son : “ The properties of the rays outside the 
tube resemble in all respects those of cathode 
rays ; they are deflected by a magnet and by 
an eleetric field, they ionise the gas through 
which they pass, and make it a conductor of 
electricity, and they affect a photogra^iic plate 
and change the colour of the halide salts of the 
alkaline metals. As, however, it is convenient 
to distinguish between cathode rays outside and 
inside tlie tube, we shall call the former Lenard 
rays. 

It is interesting to note that Sir William 
Crookes gave a correct explanation of the cathode 
rays from the first. He said that they were 
“ streams of negatively - ekso trifled particles 
projected normally from the cathode uith great 
velocity.” Outside tins country his explana- 
tion was not accepted, but wo now know that 
he was right. In truth, the work done by ob- 
servers in this country in this new field of physics 
is incomparably more important than ail the 
work which has been done elsewhere. When 
we have concluded this subject, we shall have 
quoted from Crookes, Tliomson, Whetham, 
Soddy, and Strutt. It is in Cermany and 
America that sdenoe is appreciated, but the land 
of Newton and Harvey and Darwin is still 
pre-eminent in its creation. 

Kontgen'u Remarkable Diacowery. 
Professor Ronton W€U8 enabled to observe the 
invisible rays that go by his name, in virtue of 
the fact that ho happened to be keeping some 
photographic plates, well covered, in the neigh- 
bourhood of a veiy highly exhausted vacuum 
1 ube. He then found that these plates looked as if 
they had been exposed to light. This was well 
worth looking into. He found that if he used 
a screen covered with some phosphorescent 
substance, it began to glow brilliantly under 
the influence of something that emerged from 
the tube. Further, he found that certain hub- 


stances obstructed this something while others 
did not. ”He found that if a thick piece of 
metal were placed between the bulb and the 
phos^oresoent screen a sharp shadow of the 
metal was cast upon the screen, but that other 
snfostanoes, such as wood and thin pieces of alu- 
mlnliiTn , cast but sli^t shadows, showing that 
the agmt which produced the phosphoreBcence 
oould traverse with considerable freedom bodies 
w fa ie h aire opaque to ordinary He found 

tihat m a general rule the g^tw the density 
of the Bubirtaaoe the greater its opacity to this 

r b. Thus, while the effect produced by 
^toephoreacenoe could pass throng the 
Seihf H was stopped by the htmen of the hiiaxl, so 


that if a hand were held between the discharge 
tube and the phosphorescent screen the outline 
of the bones was distinctly visible as a shadow 
cast on the screen ; or if a purse containing coins 
wi're placed between the tube and the screen 
the purse itself threw but little shadow, while the 
coins cast a dark one.” 

Chnractera of the X"Raye, Professor 
Rontgen was worthy of his good fortune, 
and made the most of it. He showed that 
the rays move in straight lines, and that 
on passing from one medium to another they 
undefgo no refraction. Unlike the cathode ra3ns, 
they are unaffected by a magnet. Professor 
Thomson says that he has "'sent the rayn 
throu^ a magnetic field of about 8,000 lines of 
force per square centimetre for a distance of 
about a centimetre without producing any 
appreciable defect.” Many attempts made to 
polarise the rays failed ; ai^ these facts seemed 
to suggest that the rays must difier fundament- 
ally from those of li^it. Nevertheless, on cer- 
tain points they resemble light. Like light they 
are propagatea in straight lines, they feebly 
stimulate the retina, they affec't tlie photographic 
plate, they are not aefiecled by electric or 
magnetic influence, and so on. On the other 
hand, the absence of any refraction does not 
exclude the possibility of their being really 
identical with light. Professor Thomson points 
out that, according to any theory of refraction — 
which we must conceive as dependent ujicn the 
ratio between tlie period of vibration of the 
refracting body and the period of the vibrations 
of light — ” there would bt' no refraction for 
light of very small period, and this would also 
be true if, mstead of regular periodic undula- 
tions, we have a pulse of cleetromagnetio dis- 
turbance, provided the time taken by light to 
travel over the thickness of the pulse be small 
compared with the periods of vibration of the 
moU^ulos of the refracting substance.” 

The Diatinctive Property of Rdntgen 
Rays. In tlie year following the discovery, the 
late Bir Oeoige Stokes suggested that perhaps the 
Rontgen rays differ from ordinary light in tliat 
they consist not ot trains or sc'rios of waves, 
but of irregular disconnected waves or pulses ; 
” single disturbances, propagated with the same 
velocity as light, but not followed by a train 
of waves.” Professor Thomson has fihown that 
whenever the cathode rays — or, rather, his oor- 
ptiHcles— strike a solid, intense electromametu' 
pulses must be set up. Since this must be so, 
what can l>e more probable than that the 
Rfintgen rays, produced under these very con- 
ditions, are none odicT than the pulses which 
must occur ? Verj probably, then, Sir George 
Stokes was right,* and the X-rays consist of 
intermittent ethereal pulses produced by the 
impact of the negative corj^scles upon the glass 
— which is proport/kmately intermittent — andt 
furthermore, differing from ordinaiy light in 
the extreme shortness of their wave kngth. 

At a eomparaUvely early stage in the 
inquiry it wm found that the Rdntgen rays 
va^ somewhat mooording to the conditioiiB 
unaer which they ore jsn^uoed. This is an 
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important matter theoretically, since it suggests, 
for instance, that there may be a whole series 
of ** notes of Rontsen rays corresponding 
to the notes or colours of visible light. 
Physicians and surgeons also have come to 
recognise the extreme importance of distinguish- 
ing the various kinds of Rontgen rays, since 
one kind may have a curative effect which is 
entirely absent from the others. If the vacuum 
tube lias not been exhausted to any very great 
degree — the gaseous pressure within it, therefore, 
remaining pretty high — with the consequence 
that the potential difference between its elec- 
trodes is small and the velocity of the corpuscles 
between them correspondingly low — the Rdntgen 
rays produced outside the tube are called soft 
rays, and have the character that they are 
very readily absorbed. 

Penetrating Power of the Raya. 

Very different, indeqd, is the penetrating 
power of the rays produced in a tu^ which is 
very highly exhausted. In such a tube, where 
the potential difference between the two elec- 
trodes is high, the cathode rays travel with 
much greater speed, and the variety of the 
Rdntgen rays they then produce are called hard 
rays. Says Professor Thomson : “ With a 

highly eimausted tube and a large induction 
coil it is possible to get appreciable effects from 
rays which have passed through sheets of iron 
or brass several millimetres thick. The pene- 
trating power of the rays thus varies with the 
pressure in the tube; as the pressure in the 
tube gradually diminishes, when the discharge 
is kept running through the tube, the type of 
discharge proceeding from the tube is con- 
tinually changing. Not only do different 
bulbs emit different kinds of rays, but the same 
bulb may emit, at the same time, rays of different 
kinds. The property by which it" is most con- 
venient to iaentify a ray is the absorption it 
suffers when it passes through a certain thick- 
ness of aluminiuiu and tinfoil.” But, never- 
theless, experiments made on this point show 
that the rays vary among themselves even 
more than w^as thought, and, as has before 
been stated, this question of the difference 
between various kinds of Rontgen rays 
is not only one of great physical interest 
but may also frequently be a matter of life 
and death. 

The Effects of the Raye. Until quite 
lately it could not be said that the real nature of 
the Rontgen rays was proved^ though in all proba- 
bjility they were neither material particles nor 
longitudinal waves in the ether, as the discoverer 
himself had suggested, but consisted of trans- 
verse ethereal disturbances. But if they were 
transverse they ought to be polarisable, and 
until quite lately aU attempts to polarise them 
had failed. The use of tourmaline plates gave 
no evidence of polarisation. Quite lately, 
however, another method has been employed, 
in describing which we may quote from Mr. 
Rtrutt, who is the son and heir ex Lord Rayleigh, 
the President of the Royal Society, and affords 
a conspicuous instance of inherited poientiffo 
genius. He has made very important oon- 
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tributions to various aspects of the subject 
which we are now discussing. 

“ The rays,” says Mr. Strutt, “ are allowed 
to fall on some light substance, such as 
paper or carbon. Under these circumstances 
the paper or carbon becomes itself a source 
of rays — secondary rays as they are called. 
The amount of secondary radiation in any 
fixed sideways direction is found to vary, 
as the vacuum bulb giving out the original 
rays is made to turn round in such a way as 
to rotate the beam of r^s on itself, without 
changing its direction. This proves that the 
beam has a one-sided character, and establishes 
most satisfactorily that the vibrations must be 
in a transverse direction ; for if the vibrations 
were longitudinal it is impossible to conceive 
how turning the beam round could make any 
difference. Later and more elaborate ex- 
periments have shown that this one-sidedness 
is much more marked in the secondary ravs 
themselves than in the original ones from the 
bulb.” 

The Use of the Rays. This must 
obviously be regarded as conclusively proving 
that the Rontgen rays are essentially identical 
with light. If we could show finally that 
the rays have the same speed as light we 
might regard our proof of their nature as 
complete. It has recently been attempted 
“ to compare the speed of the rays with the 
speed of electric waves travelling along a wire, 
which is know'n to be the same as that 
of light.” So far as these experiments have 
hitherto gone they seem to show that, as might 
be expected, the velocity of the Rontgen rays 
is identical with that of light. We may note 
that M. Blondlot, whose alleged discovery of 
the N-rays is still under discussion, claimed 
some two or three years ago to have showm 
that the Rontgen rays are polarisable and that 
they move with the velocity of light. 

Let us now turn from the purely physical a^ipect 
of this study to the question of utility, which, as 
a matter of fact, has advanced very much more 
rapidly than the purely scientific question. No 
sooner had Professor Rdntgen demonstrated 
the fact that he could see his own bones, or 
rather their shadows, projected by the rays, 
than the surgeons turned the fact to account. 
Plainly, this property would be very much to 
the point if it were applied to broken bones, the 
position of which it is often very difficult but 
always very important to ascertain. Now'^idays 
a thoroughly up-to-date surgeon with a perfect 
equipment and plenty of time not only uses 
the Rdntgen rays in every case of fracture, but, 
after the fracture has been set, and the band- 
ages and splints and all have been put on; 
t^es another photograph so as to make quite 
sure that the fragments of the bone ore lying in 
perfect position 

The Enormoue Gain to Humanity. 

The surgeon acts similarly, in the case of disloca- 
tions, in the case of buUets, and needles. On this 
mere ^int of finding needles the reader can have 
little idea how many women the discovery of 
the Rdntgen ra3rB has benefited. Furthermore, 



it tB quite easily poauble to aee aorrements 
of tbe heart means of ihe BdRtgen 
and this has enabled doetors to confirm *&e 
theones formerly held as to the eausathm of the 
Tanotis sounds produced by the normal and the 
abnormal heart. Many cases of the disease 
known as aneurism can also be readily detected 
the size of the shadow which the diseased 
artery throws upon the screen. Furthermore, 
the early signs ^ consumption or tuberculosis 
of rile bgs can be detected hy the increased 
opacity which this disease causes to these 
rays, and some observers are of opinion that the 
disease can be thus diagnosed sooner than by 
any other means. Again, there is a large 
number of different kinds of stone occurring in 
the body, the presence of which omi be detected 
the shadow which they east under those 
rays — a means of diagnosis which is now of 
the utmost value in surgery. 

Tise Rontgen Raya and Living 
Matter. It is a curious circumstance that, 
so far as can be judged, the X-rays have no 
deleterious action upon microbes. This is 
curious, because, as we shall see, they are of very 
great value mdeed in the treatment of various 
diseases of microbic origin. When the Rbntgcn 
rays are allowed to act upon the skin, they cause 
a number of remarkable changes in time. They 
very often destroy entirely the roots of the hair, 
though hitherto it has not been possible to con- 
trol the production and character of the rays in 
sufficient degree to justify their use as a substitute 
for the razor in the case of priests or other persons 
who are compelled to speiid a considerable part 
of their lives in keeping down a beard wlnoh 
might be arrested for ever by the Rbntgen rays. 
The skin itself is also apt to undergo various 
changes which may amount either to severe 
inflammation or even to actual destruction. 
It is the lamentable fact, also, tliat the ulcers 
produced by these rays sometimes become 
cancerous. Doctors and their assistants, work- 
ing the Rontgen ray departments of hospitals, 
are now learning that it is necessary to protect 
themselves by means of leaden gloves or shields. 
The most opaque substances of all to the Rontgen 
rays are platinum, mercury, bismuth, lead, And 
silver. 

The Dieplacement ef the Knife. The 

public are already familiar with the use of the 
Rontgen rays in diagnosis, but in quite recent 
times they have been employed as a means of 
treatment, and in many cases their use has been 
followed by the most astonishing, not to say 
unexpected success. Like ultra-vialet.light, the 
Rontgen rays are perfectly ef¥ective in curing 
lupus, but riieir penetrative power is far greater. 
In the therapeutic use of uhm- violet light, great 
importance is attached to the exclusion of m 
much blood as possible from the area of the skin 
to be acted upon, for even the thinnest flhiii of 
Mood absorbs these rays. Very different, however, 
am the Rontgen rays, which will pass right 
throu|^ the bo%, and thus their range of eippl<y- 
meat as therapeutic agents is very much greater 
than that of ultra-violet light. The Rontgen 


rays will cure deep^-situatsd oasfss of hipus 
against which the Fmsea treatment is power- 
less. Besides this disease, a dozen other diseases 
of the ddn mi^t be named, including notably 
ringworm and its allies, which are curable, and 
are now constantly treated, by the Rontgen 
rays. Much more important is the conquest by 
this means of one variety of cancer — that known 
as rodent vicer. It is true that this is 1^ far the 
least malignant variety of cancer, and the reason 
why it alone is susceptible to the action of the 
Rontgen rays is doubtleas that it is also the 
most supeificial variety. But rodent uloer is a 
common disease, and no words can say how 
magnificent is the gain involved in the displace- 
ment of the knife by these rays in the treatment 
of this once terrible disease. 

Cures by Rdntgen Rays. Those 
facts raise questions of the very greatest 
scientific interest, and more especially when wo 
realise that the rays apparently have no anti- 
septic action in the ordinaiy sense. The cures 
they effect seem to be due to their stimulation 
of the tissues of the body, and the question we 
must ask ourselves, without any possibility as 
yet of answering, is — How do these oleetro- 
magnetio pulses so affect living matter as to give 
rise to these consc^quences ? Science will have 
advanced much further before it is possible to 
explain these facts in pliysico-chomical toms. 

The rapid advance of the physics of tlw^ 
Rontgen rays has been of gn^at value, of course, 
as regards their application in what used to b) 
called physic. Notably, it is now being found 
that when rays of the right kind an^ employed 
in sufficient abundance their therapeutic action 
is very far from being confined to the surface of 
the body. On the contrary, there are various 
diseases of the internal organs, most of tlH*m 
responsive to no other kind of treatment, in 
which great gain results to the patient from the 
employment of the Rontgen rays. It is nothing 
sho^ of amazing to contemplate* the revolution 
in many branches both of surgery and of 
medieme which has been effected in a few short 
years as a direct consequence of Professor 
Rontgen s first observation. 

The Theory of Radiatiou. We have 
now completed our discussion of many various 
kinds of radiation. We have said all that {here 
is time to say of the rays of ordinary light, the 
ultra-violet rays, the infra-red rays of radiant 
heat, the still somewhat dubious N-rays, and the 
Rtmtgen ra 3 rH. The proposition has been 
submitted that, widely though these differ 
from one aaotb^ in respect of tlieir physical 
properties, and still more widely in respect 
of their influence upon our senses, yet they 
are one and all to regarded, together with 
many other radiations known and unknown, as 
fundamentally identical 

For our present purposes, then, we must 
dismiss the differences between thm varidus 
kinds of rap, and must consider the extremely 
difficult supj^ of radiation in general, recog- 
nising that by this term we include radiations 
visible and invisible. 
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Radiation and Temporature. Thk 

is one of the most complex subjects in 
the whole of physics, and we can present it 
merely in outline. More important than any 
of its details is the recognition by the student 
that there is, or may a general theory of 
radiation. Perhaps the first fact worthy of 
being insisted upon is the extreme intimacy of 
the relation between radiation and temperature. 
This is of the utmost importance in respect of 
theory and of equal importance because of the 
remarkable Information which the application 
of this principle affords us when we turn to the 
study of the stars. Let us recall for a moment 
what we have learnt regarding heat. We have 
seen that heat may be transferred by conduction, 
by convection, or by radiation ; but now we 
may consider more critically this last process, 
which we shall find to be fundamentally different 
from the otlier two. We know that a radiant 
body in consequence of its radiation cools. We 
know also that the bodies which absorb the 
radiation are heated, but are we entitled to 
apply the term heat to that which passes between 
the radiating and the absorbing bodies ? The 
nature of the problem is usually obscured by the 
language we employ. We describe what passes 
os radiarU heal. But the critical reader will have 
already noticed that there is a fundamental 
distinction between this radiant heat which, 
aocordine to our latest studies, is none other 
than an mectromagnetic phenomenon of the ether, 
and the ordinary heat, which consists, as wo have 
said, of a vibration of certain material molecules 

We may utilise the words of Professor Tait 
in proof that radiant heat is not really heat 
at all, though it may be in some way caused 
by heat and in some way cause heat. “ When 
a piece of clear ice is cut into the form of a 
large burning-glass, it can be employed to 
inflame timber by concentrating the sun’s 
rays, and the lens does the work nearly os 
rapidly as if it had been made of glass. It 
is certainly not what we ordinarily call heat 
which can be transmitted under conditions like 
these. Radiation^ is undoubtedly a transference 
of energy, which* was in the form commonly 
called heat in the radiating body, and becomes 
heat in a body which absorbs it ; but it is trans- 
formed, as it leaves the first body, and retrans- 
tormed when it is absorbed by the second.'’ 

Visible and Invisible Light. The 
reader will understand that the term “ radiating 
in the above quotation includes all luminous 
bodies. We are speaking now not merely of 
radiant heat, but of light as well. This wo 
shall see by another quotation showing the 
absolute continuity between the visible and 
the invisible '' The more intensely a cannon- 
ball is heated the more luminous does it 
become, and also the more nearly white is 
the light which it gives out. So well is this 
known that in almost all forms of civilised 
sp<^h there are terms corresponding to our 
‘red-hot,’ ‘white-hot,* etc. As another in- 
stance, suppose a powerful electric current is 


made to pass through a stout iron wire. The 
wire becomes gradually hotter, up to a certain 
point, at which the loss by radiation and con- 
vection just balances the gain of heat by electric 
resistance. And as it becomes hotter the amount 
of its radiation increases, till at a definite tem- 
perature it becomes just visible in the dark by red 
rays of low refrangibility. As it becomes still 
hotter, the whole radiation increases ; the red 
rays formerly given ofi become more luminous, 
and are joined by others of higher refrangibility. 
This process goes on, the whole amount of radia- 
tion still increasing, each kind of visible light 
becoming more intense, and new rays of light of 
higher refrangibility coming in, until the whole 
becomes white — that is, given off all the more effi- 
cient kinds of visible light in much the same 
relative proportion as that in which they exist 
in sunlight. When the circuit is broken, exactly 
the same phenomena occur in the reverse order, 
the various kinds of light disappearing later as 
their refrangibility is lers. But the radiation 
continues, growing weakcT every instant, even 
after the whole is dark.” 

This illustration affords one more proof of 
the continuity between the visible and the 
invisible, but it also constitutes an illustration 
of the proposition that there is a definite relation 
between temperature and radiation. If we 
translate what happens into the best symbols 
that we know, we must imagine that ao the mole- 
cules of the wire become hotter and the character 
of their vibrations alters, so they give rise to 
ethereal waves of shorter and shorter wave lengths 
and greater and greater frequency. 

The Laws of Radiation. The whole of 
radiation, then, is one phenomenon, and to have 
discovered this constitutes a great triumph of the 
mind over the imperfections of our senses. Let us 
now consider what general propositions can bo 
advanced besid« that of the relation between 
temperature and radiation Nearly half a cen- 
tury ago Balfour Stewart showed ‘‘ the absolute 
uniformity, qualitative as well as quantitative, of 
the radiation at all points and in all directions 
within an enclosure impervious to heat when 
thermal equilibrium ha.^ once been arrived at.” 
He showed, by many experiments and observa- 
tions, that radiation and absorption rigorously 
eompensate ^each other, not merely in quantity 
but in quality also, so tliat a body which is 
specially abr.orptive of one particular ray is m 
the same proportion specially radiative of the 
same ray« its temperature being the same in 
both cases. Stewart’s final statement was that 

at any temperature a b^y’s radiation is ex- 
actlv the sanie, both as to quality and quantity, 
as that of its' absorption from the radiation of a 
black body at the same temperature.” 

The last proposition shows that Stewart worked 
first at radiant heat, but his propositions wore' 
true alike of light. In short, they are truo of 
radiation in general. Balfour Stuart’s work 
was, indeed, a confirmation and extension of the 
very important idea first endnoiated by Provost 
in 1791, and called by him the Law of Exchanges, 
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By Profesaor HENRY ROBINSON 


Well* for Cottage*. At the Conference 
on “ Water Snpplies and River Pollution,” 
held by the Royal Sanitary Institute in London 
in 1901, the question of the water supply to 
isolated cottages and small groups of cottages 
was brought forward by Dr. Thresh, the Medical 
Officer of Health, Essex County Council, and 
he showed two of the simplest methods of 
well construction that had been adopted to 
ensure the exclusion of pollution from the well 
by making the first 12 ft. or so wateHight. 
Figs. 6 and 6 are illustrations of these wells. 

Impuritie* in Water. Water contains 
mineral impurities in the form of soluble salts 
which have been absorbed during its flow 
over or through the various geological forma- 
tions from which the supply is obtained Where 
the water has come into contact with metalliferous 
deposits contain- 
ing salts of lead ^ 

or copper it must | 

^ regarded ae 
dangerous to 

Soft water, n 

being free from calcareous 

matter, dissolves peaty sub- | 1 

stances from vegetation on r«nr 

the watershed from which , , 

It flows, and these cause 

the water to be slightly | , 

acid and to attack metals 

such as lead, boiler-plates, ^ 

and to form incrustation 

thereon. 

For storing soft ,wter 
in houses, lead in any form 
must be avoided for cis- 
terns. Enamelled iron, 
porcelain, enamelled stone- 5 
ware, and slate, are used iwpim ov rti 

for cisterns to hold soft rxr«ioxau 

water. Iron is sometimes used, having a pro- 
tective coating of quick-drying asphalte varnish. 

The effect of storing pollute water in copper 
vessels has attracted attention of late years 
owing to its having been observed that in 
India, during a cholera epidemic, one district 
escape. It was found that the people there 
stor^ water in copper vessels and were immune, 
al^ough the condition of the water was the same 
as in the neighbouring districts which were 
affected. Recent research has shown that 
copper is destructive of pathogenic organisms. 

Impure water can be sterilised by applying 
to it electrolysed salt water. By passing a 
current of electricity at a low voltage through 
a saline solution a fluid is produced which has 
an intensely sterflising effect, and destroys all 


bacteria. The writer has carried out works 
where this was successfully accomplished, a 
very foul sewage-polluted water being freed 
from all micro-organisms by passing into the 
flowing water automatically an amount of the 
sterilising fluid called electrozone. 

Taking Samplaa of Water. Samples 
of water for chemical and bacteriological ex- 
ammation require to be taken in a definite 
way. The bottle, generally a Winchester quart, 
is carefully washed with distilled water and 
exposed in an oven to a high temperature to 
sterilise it In taking the sample the bottle 
should be quite immersed before the stopper 
is removed, and it should be replaced under 
the water when the bottle is full, so as to pre- 
vent any surface scum from entering If the 
sample is trom a shallow stream or well, care 

must be taken 
not to disturb the 
1 sediment. The top 

of the bottle 
should have a de- 
*' Hcriptive label at- 

i S tached to it, the 

I IL 4s stopper having 

I iu ir replaced and 

I I ii< securely (‘losed, so 

: - a J nothing can 

il^ gain access to 

* ; }|r t the bottle until it 

/ j * is consigned to 

the care of the 
: analyst. 

L : Hardne** of 

Water. Hard- 
~ ness in water is 

^ A ■ caused by the 

I presence of car- 

Q bonatos, sulphates 

TYPis OF SZMPLX cx)TTAOB WELLS nitrates of 

lime and mag- 
nesia. Hardness is either temporary or perma- 
nent. It is called temporary if the carbonates 
are present, as they are not to any practical 
degree soluble in water, but they are in the 
canKMiic acid, which is in solution, and which 
can be driven off by boiling the water, when 
the carbonates are precipitated and the water 
is made soft. To soften water on a large 
scale, caustic lime as lime-water is added to the 
water, and, combining with the carbonic acid, 
forms carbonate of lime, which precipitates. 
The term hardness implies that a certain quan- 
tity of soap has to be decomposed before a 
lather can be formed. When water is said 
to have a certain number of degrees of hardness, 
it is meant that a gallon of water will curdle 
and precipitate as much soap as would he 
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precipitated by a gallon of pure soft water in 
which that number of grains of carbonate of lime 
had been dissolved Water 
of 12 degrees of hardness 
will precipitate as much 
soap as pure water would 
to which 12 grains of car- 
bonate of lime had been 
added per gallon. Lime 
alone will reduce the degree 
of hardness from 18 degrees 
to 4 degrees, and will effect 
a saving in the use of soda 
and soap. A hundred- 
weight of quicklime, costing 
8d. or 9d., is productive of 
softening represented by 
4} cwt. of carbonate of 
soda and 20^ cwt of soap. 

The writer carried out 
works to soften very hard 
water at a large public 
institution, and it was found 
that the saving effected in 
various ways more than 
covered the repayment of 
the loan for the works, 
liesides the attendant com- 
fort and convenience of the 
people. 

Deposits in Boilers. 

Hard water causes deposits 
in boilers, which are most 
undesirable as the scale 
formed leads to unequal 
heating of the metal and the risk of ex- 
plosions. The writer applied a simple softening 
arrangement to water of 14 5 degrees of hard- 
ness at an installation of 
boilers, and reduced the 
hardness to about 4 degrees, 
using a pound of lime to a 
thousand gallons of water, 
incrustation being pre- 
vented. 

Water Softening. Per- 
manent hardness is caused 
by the water containing 
certain salts in solution, 
the chief of which are 
calcium chloride, magnesium 
sulphate and chloride, and 
sulphate of lime. These 
can be removed by adding 
carbonate of soda to the 
water m proper proportions, 
and storing the same in 
suitable chambers, where 
deposition takes place. 

Several mechanical arrange- 
ments have been devised to 
accomplish this. One is 
called the Criton Water 
Softener [7], made by the 
Pulsometer Engineering Ck>. 

The quantities of the 
reagents are measured by 
filling vessels of given 
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capacities adjusted to give the required pro- 
portion of reagents to &e hard water. 

The hard water is ad- 
mitted to a tank divided 
by a partition into two 
unequal portions ; the 
larger of these, which con- 
tairs a syphon, is called 
the 8yphon4ank, and the 
smaller the measurer. The 
top of the partition is two 
inches below the level at 
which the syphon begins to 
discharge. When the level 
of the water in both com- 
partments has reached the 
discharge point, the syphon 
automatically discharges the 
contents of the syphon-tank 
into the mixer, leaving the 
other compartment brim 
full. In the syphon-tank 
is a float, which, as it de- 
scends, lifts, by means of a 
lever, a valve at the bottom 
of the measurer, and permits 
the accurately measured 
quantity of water to run 
into the limer, displacing 
an equal quantity of clear 
lime-water, which overflows 
into the mixer. During its 
passage upwards in the 
limer the water passes 
through a bed of slaked 
lime, and on reaching the top has become 
saturated lime-water. The bed of lime is kept 
stirred up by an agitator worked from the float 
of the syphon -tank. 

Attention was called in 
the “ Public Health En- 
gineer ” for September, 
1905, to an apparatus for 
softening water called the 
Desrumanx, which deserves 
mention. 

This apparatus, as will 
be seen from the section 
shown in 8, consists of two 
cylindrical tanks, the one on 
tne left-hand side of illustra- 
tion being the lime saturator 
for making lime-water, and 
that on the right-hand side 
being the decanter, in which 
the reagents are mixed 
with * the water to be 
softened, and the clear 
soft water decanted and 
filtered ready for use. 

Filtering. For filtering 
water on a large scale for 
public supply &e form of 
filter employed in the past 
consists of a layer of clean, 
sharp sand, about ^ in. 
average size, from two to 
four feet in thickness. 
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beneath which ia a thinner layer, about Rixinches, 
0 ^ tine gravel, with a layer of coarse gravel 
underneath. A series of small drain-pipes at 
the bottom carries the water, which passes 
downw’ards, to the . 

main collecting out- 
let drain or drains. 

At the farthest 
tmds of these, 
drains from the 
outlet pipes are 
earned up the walls 
of the lilter-bed 
to tlie surface, to 
enable the air in 
the bed to escape 
when the filter is 
being filled. The 
usual rate of ‘filtra- 
tion varies with 
the conditions ot | 
supply and de- 
mand, but that 
which has been ^ 
adopted for the 9 candy’s water 

supply of London 

is about 400 gallons to 6(K) gallons per 
sq. yd, per 24 hours, the rate being measured 
by a meter, either at the inlet or outlet. The 
head of water on the top of the filtering material 
is regulated to about two feet. The clear water 
is conveyed to a tank, which should be roofed in 
if it is in the open, and placed at a level to enable 
it to receive the water from the filter-bed. When 
the cistern is quite full and the lied emptied for 
clearing purposes, the head can force water up- 
wards through the bed to remove impurities. To 
obtain a uniform rate of filtration through the 
whole of the bed, which is an important matter, 
the length, number, and size of the drains have to 
he arranged to meet the variation in pressure 
in the drains, which is least towards the outlet. 

The rale of percolation through the bed 
should be regulated to prevent its b<'ing water- 
logged, as the removal of organic matter in 

tlie w'ater is 

not by me- 
chanical but 
by bacterial 
agency, and 
the micro-or- 
ganisms that 
accomplish 
this are 
aerobic, re- 
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of vegetable and organic matters floating 
in the water before it is passed over the 
filter. This view has Iwen shown to b<» incorrect 
by the observations which wer<' made by Mr. 

■ - - - , Clark, the chief 

chenuNt to the 
M a H H a c h u s c 1 1 s 
Board of Hoaltli, 
and communicated 
in 1901 to the 
Institution ot 
Civil Kiigincers by 
Mr Butter, who 
was comu'ctcd with 
om‘ of th(' large 
stations for the 
supply of London. 
He carried out a 

plan by which th(» 
surface film was 
systematically dw- 
turlH>d on a largo 
an*a of open filters 
dealing with 

h.ter AT iiAvSTiNOS 25,000,000 gallons 

of water per day. 

Candy's Water Filter. Candy's system 
of water purification consists in forcing air 
under pressure into the water, and subst'- 

quently passing the acTated water through 
a filtering medium in which “ jiolariU' ” 

plays a part in conjunction with sand. The 
combined effects of aeration and filtration have 
been found to yield an <*xoellent water at Hast- 
ings and 8t. Leonards. 1 1 has been characterised 
by the waterworks’ engineer there as being 
“ colourless, sparkling, and of the liighest 
organic purity,” and he states that the system 
is ” a most satisfactory and economical method 
of purification.” I’he material called polarite 
is an artificial one, prepared specially for use in 
8<*wage and wakT filters, and Inking insoluble, 
and having an oxidising firoporty, has been 
found useful in this conni'ction. 

Fig. 9 shows filters, 15 It in diameter, at 


quiring air. 

The foregoing 
system of fil- 
tration has 
been termed 
the slow sand 
method. 

It was at ~ JO. i«ront view 

one time 

thought that the efficiency of a sand filter, 
as regards the removal of bacteria from the 
water, depended on the maintenance of the 
ausface film, which is formed by the collection 

Ip ^ 
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about Id. per 50,000 gallons for a town’s supply 
of over 1,000,000 gallons a day. 

SteHlination of Water* The sterilisa- 
tion of water in the field was the subject of 
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an inspection by Mr Arnold -Forster (then 
Secretary of State for War), at Miilbank 
Barracks, m August, 1905, of 
several apparatus for that 
purpose. They were classed 
under three heads First, 
chemical methods of sterili- 
sation by the employment 
of permanganate of potash, 
hisulphate of soda, alum, 
sulphate 'of copper, bromines 
iodine, and chlorine The 
second class of apparatus 
employed filtration, and the 
third class relied upon boil- 
ing the water. The last is 
advocated by some authorities 
for army purposes, as the rough 
treatment to which filters 
would inevitably be exposed 
m the field might lead to the 
unnoticed breakage of a candle, 
whereby the wattT passing 
through it would be unfil- 
tered, and the consumers would 
suffer accordingly 
The “Jewel” Filter. The system of 
water purification that has been introduced by 
the Jewel Export Filter Company (of America) 
has been so successful that it deserves mention 


It is based on the application of some harmless 
soluble salt, such as sulphate of alumina, as a 
coagulemt to the water, after which sedimeatatioii 
and filtration is effected in specially arranged 
tanks, either open, when they are termed 
filters, or clos^, when they are called pressure 
filters. The wnter has before him the results of 
many mvestigations of the treatment of water 
by these filters, and it i^peofs that they possess 
advantages over the ordunary sand filters, called 
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by the Americans the dow sand system, while 
the Jewel filter is termed the quick sand filter. 

In comparison with slow 
sand filters, it is claimed 
that rapid filters possess, 
among other advantages, 
the capacity to treat very 
turbid waters and to re- 
move a large percentage 
of colour. 

Figs 11 and 15 show 
a Jewel “ gravity ” filtei 
with and without a sub- 
sidence basin, and 13 
shows a “ pressure ” filter. 

The addition of sulphate 
of alumina to the water 
results m the formation 
of a gelalmous insoluble 
coagulum of considerable 
bulk, and of gi eater 
specific gravity than the 
suspended particles pre- 
sent in the water The 
natural precipitation of 
th's coK.gulum brings about 
the aggregation and deposit of the greater part of 
the suBpimded matter By this means from 40 
to 75 per cent of both suspended matter and 
bacteria can removed from the water before 
it reaches the filter bed 
The filters consist of 
wood, iron, steel, or con- 
crete tanks, containing a 
bed of carefully graded 
and selected sand of uni- 
form size, supported by 
a special screen system 
To these are connected 
the necessary influent, 
efiluent, wash water, ancl 
sewer-pijies 

The rate of filtration 
may be varied from 1,600 
imperial gallons to 3,200 
imperial gallons per foot 
per diem, or from 

70.000. 000 gallons to 

140.000. 000 gallons per 
acre per (hem The 
maintenance of this rate 
of flow requires a large 
filtermg head, varymg 
from 6 ft. to 14 ft. A 
relatively small head of 
water is carried over the 
sand bed, as it has been 
found that a negative 

head gives better results. This relatively high 
filtering head results in the compacting of the 
sand b^ On this bed th% precipitation and 
straming out of the coagulotra material causes 
the rapid formation of a gelatmous and stieky 
film. This film retains the greater part of the 
bacteria and suspended matter. 

When the filtermg film has become too thick 
and dirty for filtration to be economically con- 
tinued the sand bed is washed. This is done 
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by reversing the flow of water ; a ourrent, pre- 
ferably of filtered water, is forced upwards with 



13. JEWEL PRESSURE FILTER 

considerable velocity through the screen system 
and sand bed, w’holly removing the deposited 
film and accumulated dirt, and restoring the 
sand lied throughout its entire depth to a state 
of purity. All sand grains coming into contact 
with water containing organic matter will, in 
course of time, collect an oiganic coating, 
particularly if the water passing through them 
carries with it any oil or greasy matter. The 
grains then become smooth and slippery, and 
deteriorate in filtering efficiency. This shiny 
organic coating surrounding the filtering sand is 
easily removed m a few hours without removing 
the sand from the filter tanks. 

As in slow sand filters, it is most important that 
the rate of filtration should be perfectly uniform, 
and that the pn^ssure should be gradually and 
uniformly increased as the bed becomes dirty 
and less porous. To secure this, all filters are 
provided with a patent automatic controller 
that maintains a pcrfiictly uniform rate of 
flow under all conditions. Tlv'y are a^so pro- 
vided with loss of head gauge.s, that show at 
once the regularity of the increase of the filt^sring 
head. Each filter is also fitted with a valve 
connectc‘d to the waste-water main, so that, if 
dt'sin'd, the first filtered water can be run to 


waste. Special sample draw-off cocks are pro- 
vided, and the opt'rator has at all times control 
of each individual filter and a knowledge of its 
condition. 

Pressure Filters. For domestic and 
manufacturing purposes, and in soim* cases for 
municipal supplies, the pressure type of filter 
will bt' frequently found to be more convenient 
than the gravity type. 1 1 requires no machinery 
for agitating the sand bed. It occupies less 
space, and is sometimes more economical, as m 
many cases it is possible, by using a [iri'ssure 
filter, to avoid double pumping. It also saves 
the additional pumping of water for washing the 
filters. Many patterns of pressure hltt*rs have 
b(H‘n constructed, but the New York pattern, as 
shown in the illustration 113], has been proved to 
be the most satisfactory and convenient. Th(' 
filter bed consists of carefully graded sand, sup- 
ported by a screim system, as in the gravity type ; 
U..4. 4.1,.. enclosed in an iron or steel 

cylinder tested to 100 lb. pressure. The Iw^d is 
washed by a reversal of tlu' flow, and, as in the 
gravity pattern, the full volume of wash water 
can be directed into either the whole or separate 
sections of the filUir bc^d. 

The Jewel system of filU‘ring water was adopted 

in connect ion 
with t h e 
Alex a n d r ia 
w a terworks, 
and the com- 
pletion of 
the filters 
was inaugu- 
rated by the 
Khediv(‘ in 
0 c t o b e I , 
1905. Before 
tht‘ system 
was int re- 
duced a most 
e X h a u stive 
series of experiments was madiN and th(‘ chief en- 
gineer and the sanitary inspector report(»d to thi* 
municipal council in July, 1905, the completion 
of the (Uitire works. Their report states that in 
the ease of the bacterial efficiency of the new 
■filters, from numerous analyses vihich 
have lieen made, it is especially 
shown that the removal of th<* 
microbes from th(‘ raw water liy 
the process of subsidenct' and filtra- 
tion has always been very satisfac- 
tory. Even during tin* most difficult 
periods of filtration, uhtm the 
efficiency was at its worst — that is 
to say, during the first half hour 
after the washing of the filter — it 
was mwer lielow 99 per cent. It 
takes but five minutes to wash a 
filter, and yet within fifteen to 
twenty minuti^s after the begin- 
ning of a new period of work 
the filter again acquires its normal 
officienev. It should ho especially 
noted tnat the filters have worked 
under very difficult conditions owing 
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to the presence of numerens algae in the raw 
water (season of green water). Notwithstanding 
this the results of filtration con- 
tinued to be satisfactory. To cite 
but one example, the number of 
bacteria, always entirely harmless 
in the filtered water, was on July 
8th but 22 per cent., while the raw 
water contained about 8,000 per 
cent. Upon the whole it is stated that the 
new process of filtration produced a water 
perfectly limpid, clear, and practically free 
from the microb^ of the raw water. 

Oxidium. Reference has been made to the 
results obtained by using polarite in filters. A 
new filtering material employed by Mr. Candy, 
called “Oxidium,” has recently been brought 
out, having properties similar to those of spongy 
platinum. It has been the subject of experiment 
by Dr. Thresh in comparison with polarite, and 
he states that oxidium reduced the free ammonia 
90 per cent., and the organic ammonia 50 per 
cent , more than polarite. 

Domestic Filters. The examination of 
water that had been passed through the various 
forms of domestic filters that were much in 
vogue years ago was confined 
to chemical analysis only, and 
the dangers attending the 
employment of a filter that 
had become foul with use were 
not realised. When bacterio- 
logical tests enabled the 
presence of micro-organisms 
to be detected the whole aspect 
of the matter became changed. 

Filters which had previously 
been used for a long time, 
until some discoloration of" 
the water, bad odour, or un- 
satisfactory chemical analysis 
caused them to be sent back 
to the makers to be cleaned, 
were no longer regarded as 
affording safety. Many dis- 
tinguished bacteriologists ex- 
amined domestic filters, and 
their published opinions 
showed that the majority of 
the old types of filters culti- 
vated, rather than destroyed, 
disease germs. 

There are a variety of 
filters made on the principle 
discovered by Pasteur and 
Chamberland of employing 
particular earths which arrest disease germs. 
ISg. 14 sho^ra a cistern filter exposed through 
the broken side of the cistern. 

It consists of a galvanised iron frame with 
one or more rows of filter-tubes, connected by 
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PUMP FILTER 


strong elastic collectors, and carried in a 
galvanised wrought-iron cage. Hie collectors 
are connected with a 
main collects, of which 
the end projects through 
the cistern, and is con- 
nected to a syphon pipe 
furnished with cocks for 
permitting the flow of 
filtered water and for 
expelling the air on 
starting. The quantity 
delivered varies from 100 
gallons to 400 gallons a 
day, according to the 
number of rows of tubes. 
If a single tube only is 
used, as shown by the 
illustration of the service 
filter [16], about 8 gal- 
lons a day would be the 
supply, with a water 
pressure of 30 lb. per 

16 BERKBFELD DOMESTIC w ^ i j 

FIT.TKTI The Berkefeld 

Filter. The Berkefeld 
Filter is an excellent one, effecting the de- 
struction of disease germs. The filtering 
medium is in the form of porous hollow cylin- 
ders of various sizes, made of what is described 
as kieselguhr, an infusorial or silicious earth, 
consisting of the fossilised skeletons of diatoms. 
The makers prefer the filter to be used with 
water under pressure. Fig. 16 shows a filter 
of the H type, tor ordinary house use. S is 
the inlet tap, T is the filters water outlet, and 
U is the flushing tap 

A combination of the Berkefeld filter and 
pump is shown in 17, called the N type. 
This has been largely used by travellers, military 
men, and others who have to obtain their water 
from sources which, if usi‘d unfiltered, would 
be dangerous to health. 

The filtering cylinders require periodical clean- 
ing and sterilising in order to restore their original 
filtering capacity. As all the impurities are 
collected on the outside of the cylinder, gradually 
producing a slimy coating, all that is required is 
to remove the cylinder carefully from the casing, 
and while holding it under a tap to brush it 
gently with a piece of loofah, supplied for this 
purpose with filter, or with a clean brush, 
which must not be too hard. Great care must 
betaken that no soap or other greasy matter 
comes into contact with the filtering cylinders. 
Complete sterilisation can bb obtained by placing 
the cylinder, after been cleansed by Wshing, 
in a clean vessel with cold or tepid water, and 
then boiling for an hour. After having been 
boiled the cylinder must be aUowed to cool again. 

Continued 
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l^EANTTME, continental Europe was dividing 
and subdividing, distributing and redis- 
tributing itself into distinct states, which were at 
this time settling do^ii into something like the 
lines of demarcation they have since maintained. 
Many of these lines were afterwards broken 
into and confused, and realms which were then 
formed afterwards became blended by circum- 
stances with realms of superior strength. But 
even at the time when the Wars of the Roses 
came to an end the peoples of the European 
continent were beginning to form themselves 
into those states, monarchical or repul4{can — 
for the most part monarchical — in which they 
are represented in the maps of the present time. 

The principle of nationality counted for little in 
the formation of these early kingdoms and re- 
publics. Every rising state in Europe, and in many 
other parts of the world, went in for a policy 
of conquest and annexation, and did not trouble 
to ascertain whether the newly-annexed region 
could be made a contented and adhering part 
of the power that had conquered it. Even in 
Europe many different nationalities were now 
made part of one state, and, again, part of 
another ; continued for generations and even 
for centuries to be parts of the dominions of each 
successive conqueror ; then at length broken 
away, and, by the force of victorious resistance, 
established themselves as independent nations. 


The House of Capet. With the reign 
of Hugh Capet began the monarchy of France 
as it lasted until the French Revolution. Louis 
le Gros, who reigned from 1108 to 1137, did 
much to improve the condition of the country ; 
he regulated the feudal system, abolished 
serfdom on his own estates, and founded the free 
burgher class. Philips Auguste, who came to 
the throne in 1180, took an active part in the 
Crusades. Tliere were many wars in his reign; 
he recovered Normandy, Maine, Touraine, 
and Poitou from King John of England, and 
defeated the Gormans in the famous battle of 
Bouvines. He made many improvements in 
the administration of the laws, created a Cham- 
ber of Peers (six ecclesiastical and six secular), 
and from his reign date the University of 
Paris, the Liouvre, and other famous institutions. 
Many of the improvements in civil government 
initiated by him were continued by his son 
Louis VIII., and in 1226 his grandson Louis IX. 
succeeded. 

Louis IX., known as St. Louis, was bom on 
April 26th, 1215. He became a powerful 
sovereign, and by his victories compelled 
Henry III. of England to recognise French 
sovereignty in some parts of Prance which had, 
up to that time, been under foreign rule. -He 


suffered from a very dangerous illness, and dur- 
ing the malady mad(' a vow that in the event 
of his restoration to health ho would go out to 
the East as a Crusader. 

Louis IX. and Hia Reign. He recovered, 
and appointing his mother, Blanche of Castile, 
regent of the kingdom m his absence, led an army 
of 40, (XW) men to Egypt. There at first he met with 
success and captured Damietta, but it was not long 
l)efore he suffered a defeat. He was himself taken 
prisoner, and only released upon paying a largo 
ransom. He did not, however, give up his 
crusading task, but went with the remains of his 
army to Acre in Palestine, and remained in that 
region until the death of his mother compelled 
him to return to Prance. There he showed him- 
self an able and enlightened ruler, and by the 
“ Pragmatic Sanction ” determined the relations 
of the French Church with the Papal authority. 

Tlie Pragmatic Sanction was the title given to 
the ordinances of the Kings of France which 
arranged the settlement of Church and State 
affairs. Louis authorised the founding of the 
Sorbonnf, a society of ecclesiastics ut Paris 
formed by Robert . dc» Sor bonne, devoU^d to 
teaching the poor and the study of theology. 
He instituted throughout the French provinces 
Royal Courts of Justice, or Parliaments, for the 
administration of the laws, and was the author 
of an entirely new system designed to introduce 
equal legislation for all cUisses. In 1270 ho 
started on afresh crusade in the East which cost 
him his life ; he died in the August of that year 
of the plague at I’unis. In 1207 Louis was 
canonised by Pop(^ Bonifiwe VTII. H<‘ was 
unquestionably a man of nobli* purpose*, of 
great ability, with views of equitable govern- 
ment much in advance* of his age, and his 
reign marks an important epoch in the history 
of Franco. 

The States General Instituted. His 

son,' Philip 111., who succeeded him in 1270, 
was the first to issue titles of nobility conferred 
by letters patent. He also restored Valois and 
other parts of France to the French (Vown. 
Philip TV., called Le Bel, who came to the throne 
in 1285, tried to stu-ure support for himsc*lf 
against the prelates and the Unritoiial nobility 
by giving prominence to the burgher section of 
the community. Under him the “ States 
General ” was instituted, a representative 
assembly in which the farming and trading 
classes held a place and became the Tiers 
Etat of the nation, the nobles and the cler^^ 
representing the other two classes. In bis 
reign the transfer of the Papal (Iliair to Avk;non 
brought the Popes under the influence of the 
French Court for many years. By his three sons 

4101 



and successors — ^Louis X., Philip V., and Charles 
IV. — the rule of the fVench sovereigns was 
extended and also much strengthened. Philip VI., 
the first king of the House of Valois, succeeded 
in 1328 by right of the Salic Law, which for- 
bade women to inherit the crown in France. 

In his reign and those of his successors, 
John and Charles V., Le Sage, France was much 
engaged in wars with England, which were pro- 
ductive to France of nothing but disorder, enor- 
mous taxation, and wide-spreading arbitraiy 
conscription. The final defeat by the Englisn 
at the Battle of Agincourt, in 1415, occurred 
during the reign of Charles VI., who came to 
the tl^one in 1^0. This king became insane and 
was succeeded by his son Charles VII., Le 
Victorieux, the Dauphin who was crowned at 
Bheims by Joan of Arc in 1422. The only 
remarkable event of his reign, apart from this, 
was that he obtained from the States Creneral 
a regular allotment of taxes for the maintenance 
of a paid army to keep in check the mercenaries 
and marauders who pillaged the country. 

The Founder of Three Uniwereities. 
Louis XI., the eldest son of Charles VII., 
who had made efforts to obtain the throne 
during the lifetime of his father and had then 
escap^ for a time into Burgundy, succeeded 
in 1461. His reign was full of struggles with 
Charles the Bold, Duke of Burgundy, and Louis 
finally made a treaty by means of which some 
portions of Burgundy were given over to France. 
During his reign there were wars between 
France and Austria, and Louis also recovered 
Maine, Anjou, and Provence. Louis XI. had 
some good qualities as a man, but few indeed as a 
sovereign. He loved art, letters, and' science, 
and was the founder of -three universities. He 
increased the numl)er and the power of the 
Parliaments, not from any enlightened ap- 
preciation of the representative principle, but 
to secure for himself a better defence against 
some of his feudal vassals. He passed his later 
years in abject misery caused by his morbid 
terror of deatli, and he died at last on August 
30th, 1483. 

The direct succession of the House of Valois 
came to an end with the reign of his successor, 
Charles VIII., who by his marriage with Anne 
of Brittany secured that powerful state to the 
Crown of IVance, 

Louis XII., called Le P^re du Peuple, was the 
only representative of the Valois-Orleans family. 
His reign on the whole tended to strengthen the 
position of the Crown in France, while it also 
helped to promote the improvement in the con- 
dition of the people. 

Francis 1. Louis was succeeded in 1515 by 
Francis I., of the Valois- AngoulSme branch, 
who, as well as Charles VIII., wasted the re- 
sources of the state in vain attempts to establish 
a claim to Lombardy. He had four wars with 
Charles V. of Spain for the possession of Bur- 
gundy and Italy. He was made prisoner at the 
Battle of Pavia and taken to Madrid. In 1544 
lie made good his claim to Burgundy, but had 
to renounce Italy. His reign is famous for the 


beginning of the Renaissance and of the Ptxites- 
tant Reformation. He strei^thened the power 
of the monarchy and subordinated the power of 
the clergy to that of the Crown. An ally of the 
Protestant Princes of Germany and of Henry 
VIII. of England, he was himself a Catholic. 

He was succeeded in 1547 by Henry II., 
who regained Calais for France. In the reign 
of Francis II. — 1559 to 1560 — the House of Guise, 
a great Catholic family, became the most powerful 
in the State. 

8t. Bartholomew’s Day. The history 
of France during the reigns of Charles IX. and 
Henry III. was little more than a continuation 
of the struggles between the Catholics and the 
Protestants. These amounted to civil wars, 
fierce and furious, and into them were imported 
the services of Spaniards, sent by the Duke of 
Alva, of Catholic Germans and Italian troops 
from Rome. August 24th, 1572, will always 
remembered as the date of the Massacre of 
Protestants on St. Bartholomew's Day, which 
was generally believed to have been instigated, 
if not actually ordered, by Charles IX. Many 
thousands of Protestants were put to death. 
The King received a letter from Philip II. of 
Spain assuring him that in furthering thus 
the affairs of God, you are furthering your own 
still more.^’ The massacre had not, however, 
any of the consequences that Philip anticipated. 
The Calvinist party, then strong in Prance, was 
made stronger by persecution, and at once took 
up arms. A new civil war began, and was only 
brought to an end by the settlement at La 
Rochelle. 

The Holy League. Charles IX. was 
succeeded by his brother, Henry III., who was 
bom on September 19th, 1551. He contributed 
to the efforts to suppress the Huguenots by 
military force, and he even took a ^are in the 
Massacre of St. Bartholomew. Henry was, both 
in public and private life, a man of fickle and 
uncertain temper. He was not even a genuine 
fanatic, for he was ready to support the Hugue- 
nots, or to persecute them, according as advantage 
to himself could come from either course. His 
character was weak and dissolute, and he was, 
like his brother Charles IX., much under the 
inftuence of his mother, Catherine de Medici. 
The Duke of Guise, one of the most powerful 
nobles of that time, formed a league, Imown as 
the Holy League, to maintain the supremacy of 
the Catholics in France, and also to support the 
claims of the Guise family to the succession to 
the throne. Guise, while Sieging Orleans, was 
assassinated by a Huguenot fanatic. This 
aroused the Catholic party to fury against the 
Huguenots, whom they regarded as instigators, 
or at least abettors, of the crime. Henry HI. 
became an ally of Henry of Navarre, and they 
joined in leacRog an army on Paris. 

Henry III., the last of the House of Valois, 
was stabbed on August Ist, 1589, by Jacques 
Clement, a Dominican friar, and he died the 
following day, after having designated Henry 
of Navarre as his successor. Henry of Navarre 
thus became King of France and ol Navarre. 
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Electrons in Gaseous Discharges. 

In tho last article some elementary facts were 
given in substantiation of the modern view that 
eleetricity itself consists of definite atomic quan- 
tities called electrons. The greater part of modem 
knowledge of electrons has, however, been 
acquired by the study of electric discharges 
in gases, particularly in vacuum tubes from 
which the air has been more or less pumptKi 
out. Suppose a glass tube [2681 to have a 

pair of platinum 
.... electrodes sealed 

^ ' " ' ■ into its ends, 

and to be par- 
258 tially exhausted 

by means of an 
air pump. Let an electric discharge be sent 
through it by means of an influence machine 
or an induction coil. At first thin sparks flash 
through it ; but as the exhaustion proceeds the 
whole tube is filled with a luminous cloud which, 
at a certain stage, breaks up, as shown in the 
figure. Near the anode, A, the column of lumin- 
ous gas is broken up into flickering striations, 
then comes a dark sjiace, while the kathode, K, 
is seen to be surrounded by another luminous 
cloud, chiefly in front of its surface, but separ- 
ated from it by a second dark space or non- 
luminouB layer. If a mercurial air pum}) is us(»d 
so as to produce a very high vacuum, this effect 
is further modified as follows. The positive 
cloud retreats towards the anode and disappears. 
The dark layer around the kathode widens and 
drives the surrounding cloud away. With still 
higher exhaustion the dark space expands until 
it reaches the glass walls of the tube, which them 
shine with a yellow-green phosphorescent light. 
It was found by Crookes that this dark beam 
consists of something which he called radiant 
matter, shot off in straight lines from the surface 
of the kathode ; and ^hat if this dark beam of 
radiant matter is intercepted by any obstacle, 
a shadow of that ob- 
stacle will be cast on 
the glass wall of the 
tube at the opposiU* 
end. Fig. 254 shows a 
Crookes tube, in which 
a metal cross, J, has 
been erected. Tho anode. 
A, may be set anywhere 
in the tube. From the 
kathode, K, are shot out these kathode rays, or 
flights of radiant matter. 

Kathode Raye. We now know that these 
rays consist of negatively-electrified corpuscles, 
or electrons, driven with an immense velocity. 
They bombard the walls of the tube and make 
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it shine. If they are eoneent rated (by making 
the kathode surface concave) on a bit of metal, 
they heat it. They can drive around tlu* vanes 
of a little mill if such be placed m the tube. 
Kathode rays ean be acted upon by a magnet. 

If, as in 255, ^ 

a narrow 
stream of 
radiant 
matter from 
a kathode is 
allowed to 
passthrough 

a hole in a diaphragm, and a magnet is placed 
near the tube, the stream is observed to b<» 
deflected in a curve by the magnetic field, and 
causes a bright phosphorescent patch to appear 
when it touches the glass at P. The direction 
of the deflection shows the stream to be 
negatively electrified ; for negative corpuscles 
flying from K towards P are electrically 
the equivalent of a (positive) current flowing 
from P towards K. According to the researches 
of Professor J. J. Thomson and others those 
flying negative electrons move with a velocity 
somewhat less than that of light, and act as 
though they were bodies having each a mass 
about great as that of the atom 

of hydrogen. They cannot jiossibly bt‘ atoms or 
ions, because their energy is far smaller than that 
of atoms would be if flying at the same enormous 
spe«l Moreover, it makes no difference to them 
what kind of gas was in the tube to begin with, 
or what mi*tal is used as kathode ; the kathode* 
rays are independent of the kind of matter 
present. Tlu* kathode rays possi'ss ])eculiar pene- 
trating powers. Though they are stojiped by a 
thin wall of glass, they can pass through a thin 
sheet of aluminium which is quite ojiaque to 
light. There are several other kinds of rays 

i iroduced in vacuum tubes. One of these, 
mown as diakathode rays or (‘anal rays, 
consists of positive eh'ctrons moving much 
more slowly, and having each a mass about 
the same as that of a hydrogen atom. They 
are slightly deflected by a magnet, and m 
the opposite direction from the kathode rays. 
They produce a different kind of phosphor- 
escence, and can cast shadows. 

Gaseous Conductivity. All gases m 
their ordinary state are non-conductors. To send 
any electricity at all through ordinary air, even 
across a gap of in., requires an electromotive 
force of several hundred volts, and then, when a 
spark takes place, this is a disruptive discharge 
through the medium, not a cctfiduction by it. 
The air does not conduct, so the discharge 
pierces a hole through it, just as it might through 
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ft Iftyer of oil or & thin sheet of glftss. But it was 
found by Schuster that even a low electromotive 
force, such as 1 or 2 volts, will send a current 
through air, if at some other part of the con- 
taining vessel, or even in another vessel opening 
into the first, spark -discharps are being made. 
The explanation of this is that when a series of 
spark-discharges are made through air or other 
gas, some of the molecules of the gas become 
ionised, so that a number of free ions are present 
moving about amongst the neutral molecules ; 
and as these free ions ca^ charges they can 
serve as carriers of electricity from the anode 
to the kathode, by a sort of electrolysis. Gases 
can be ionised in several ways — by the effect of 
disruptive discharges, as we have seen ; by con- 
tact with red-hot metal surfaces ; by being shone 
upon with ultra-violet light ; by molecular 
impact between the gas molecules ; and, as 
we shall see, by the influence of Rontgen rays 
and of radium. 

Electrons and Molecules. One con- 
ception of electrons is that they are minute 
electric corpuscles which dance attendance on 
atoms, as though they were satellites attendant 
upon some planet. If an electron (negative) is 
separated from an atom of a gas, that atom 
becomes a positive ion, and it is probable that in 
ordinary gases, when ionised, the electron joins 
itself to a neutral atom, thus transforming 
it into a negative ion. In an ionised gas any 
electrified body loses its charge, for it attracts 
to itself the oppositely electrified ions, and 
they neutralise its charge. A neutral molecule 
will consist of a positive ion and a negative ion 
in conjunction. 

Electrons in Movement. Tlic con- 
clusion is forced upon us by the observed facts 
that electrons in movement, whether flying free 
or carrying atoms of matter with them, as in 
electrolysis, are an electric current. Whenever 
they are moving along in any direction they set 
up a magnetic field around them, and the 
presence of this surrounding magnetic field, 
which is the essential thing in the phenomenon 
of the self-induction of a current, acts as an 
inertia. This has led Lodge and others to specu- 
late whether the ordinary inertia of matter is 
not really due to the self-inductive effect of the 
electrons which accompany the atoms. The elec- 
trons in the kathode rays travel with a speed a 
hundred thousand times greater than the speed 
of a rifle-bullet. Their inertia is proved by the 
mechanical impact they exert upon the vanes of a 
mill as mentioned above. 

So long as the movement of the electrons is 
uniform and in a straight line, their inertia and 
their surrounding magnetic effect is constant ; 
but if their spe^ changes, as when they are 
suddenly stopped or suddenly started, a new 
effect appears. During the period of change of 
speed the electron sets up waves in the sur- 
rounding ether, which travel off from the source 
with the speed of light. The more sudden the 
starting or stoppins, the more violent will be the 
etherio pulse. If the electron vibrates, or osefi- 
lates, or revolves rapidlv around an orbit, it will 
send off regular trains of minute waves, and these 
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constitute the ordinary waves of light. Radia- 
tion, in fact, is caused by the vibration or 
revolution of electrons, or of the atoms with 
which the electrons ore associated. 

Rontgen Raye. Whenever kathode ra 3 rs 
in a very highly exhausted tube strike on any 
surface they give rise to new and more pene- 
trating rays, known from their discoverer as 
Rontgen rays, 
or X-rays. A 
special form of 
R 6 n t gen - ray 
tube is de- 
picted in 256. 

Here a cup- 256 

shaped ka- 
thode, K, concentrates the radiant matter 
that is shot off from it upon a little plati- 
num plate, T, which serves as a target or 
antikathode. From this target are emitted the 
Rontgen rays, which are observed by the 
light they excite upon a fluorescent screen, or by 
their action on a photographic plate. It is these 
ra 3 r 8 by which the bones of the hand or in the 
living body can be seen and photographed. They 
are, like the waves of light, movements in the 
other ; but sudden, irregular pulses, not periodic 
waves. They travel with the same speed as 
light. They render electrically conductive the 
air through which they pass, by ionising it. If 
they fall on a charged electroscope it is dis- 
charged ; and the rate at which the instrument 
loses its charge can be used to measure the 
intensity of the rays. 

Radium and its Raya. The discovery of 
the Rontgen rays stirred up other investigations, 
and led to the discovery of the emission by the 
metal uranium and its compounds of some highly 
penetrative rays, known as Becejuerd rays, from 
the discovery having been first published by 
Becquerel, though independently discovered by 
the writer. It was then found by Madame Curie 
that one of the ores of uranium, called pitch- 
blende, was more powerful than uranium itself. 
This led M. and Mme. Curie to discover in 
uranium residues the wonderful and excessively 
rare metal radium. By patient and laborious 
chemical analysis they succeeded in separating 
a nearly pure salt of radium. But each ton of 
the mineral furnishes only a few grains of radium, 
and each grain of radiun^osts about £60, which 
is at the rate of £20,000 per ounce. The rays 
emitted by uranium and by radium have the 
property of causing a charged electroscope to 
discharge itself. If a piece of either of these sub- 
stances is placed near an electroscope, like 250 
[page 4022], the gold leaves fall together, the 
time taken for the discharge depending on the 
activity of the specimen. Samples of radium have 
been produced which are a million times more 
oweitul than an equal piece of uranium. Radium 
as been found to emit three different kinds of 
rays, known as the alpha, beta, and gamma rays. 
The alpha believed to be icmntioal with 

the diakathem or canal rays, and consist of 
atoms positively charged. The beta rays are 
practically the same as the kathode rays, and 
consist of flights of negative electrons. Hie 
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gamma rays are practically identical with 
Rdntgen rays. They are extremely penetrat- 
ing and will pass through a steel plate an inch 
thick. If a small piece of radium is put into 
a hole drilled in a block of lead, placed upon 
a sensitive photographic plate, and subjected to 
a magnetic field, the beta rays are deflected in 
circular paths by the magnetic influence, and act 
on the photographic plate at one side, while the 
alpha rays are slightly deflected in the opposifii 
direction. The gamma rays are not deflected by 
the action of the magnet. This is illustrated in 



267, where the direction 
of the magnetic field 
is perpendicular to the 
plane of the paper. The 
alpha rays have very 
little penetrative power, 
and are stopped by evtm 
a thin sheet of paper. 
If a fluorescent sc reen 
made of sulphide of zin<* 


257 is held close to a minute 


Radium appears to undergo a series of trans- 
formations, some rapid, some slow. The atom of 
radium, when it |)art« with an alpha particle, 
becomes an atom of the emanation ; the atom 
of emanation, when it disintegrates, parts with 
another alpha particle, and becomes a solid called 
“ radium A." ‘‘ Radium A " rapidly gives off 

another alpha particle, and b(‘comes “ radium 
R.” “ Radium B ” is transformed into “ radium 

C," vithout any omission; but “radium C” 
gives off not only alpha particles, but also beta 
and gamma rays, and changes to “ ladium I)." 
This is a very stable product, but it is slowly 
transformed without emission into “ radium K,'’ 
which gives off fieta and gamma rays only, and 
quickly changes into “ radium F.’’ The final 
result of all these transformations is yet uncer- 
tain, but apparently the original radium itself 
changes so slowly that in 1,M00 years it would 
be only half transformed. The rapidity of these 
changes is examined principally by aid of the 
electroscope [260, page 4022]. It is charged, and 
th<‘ radio-active substance to be examined is 


speck of radium, it is 
noticed that a luminous spot appears, due to 
the action of the alpha parti'* Ics. Examining 
this spot in a microscope, Crookes observed it 
to pi'esent the appearance of a shower of sparks. 
Strutt has devised a most ingenious perpetual 
n clock [268], consisting of a gold leaf 
electroscope, L, suspended on an 
y "V insulating support, S, witli a milli- 
s gram of radium enclosed in the tube, 

T, ending ip a brass box, B. The 
beta rays emitted from the radium 
1 carry away negative electricity, 

t" I leaving the electroscope positively 

A f I charg^. So its gold leaves gradually 

I diverge until one of them touches 
against a plate of foil, F, connecU*d 
to the earth. This contact dis- 
' charges the electroscope, and the 
leaves drop down ; but they slowly 
open again until they again dis- 
charge ; and so on, indefinitely, at 
jierfectly regular .intervals of time. This 
“ clock will go on until the radium loses its 
activity — a process probably requiring thousands 
of years. 

Energy of Radium, Beside these rays, 
radium and its compounds — for example, the 
solution of chloride of radium — slowly give off 
a heavy vapour, called the eTnaruitvm, which 
forms deposits on the surrounding surfaces and 
makes them also radio-active. More surprising 
still, ra^um is found to be always slightly warmer 
than its surroundings, and is therefore con- 
tinually giving out energy. To account for this 
apparenuy perpetual supply of energy, Ruther- 
ford him suggested that the atoms of radium 
are themselves slowly disintegiating, this disin- 
tegration being accompanied hy an evolution 
of their intrinsic energy. In fact, the emanation 
slowly cl^nges and evolves the gas helium. 


brought near it, the rate of the discharge so 
produced being notinl. 

Besiih's uranium and radium, another heavy 
metal, thorium, poHsesKCH radio-active projwrtics 
and emits rays. 

According to Ramsay, w’hen an atom of a metal 
loses an electron it is transfornud into some oihi*i* 
element, but may go through a series of transfor- 
mations. No atom can lose or gain an electron 
without experienciim a change in its properties. 

Matter and Electricity. It is then 
seim that electricity, though usually associated 
with the molecules and atoms of mattcM*, can—at 
l(‘aHt. in the nigative state — be recognised as 
existing in minute quantities or corpuscles having 
apparently a mass 1,000 times smaller than th<» 
atoms of matUT. Moreovi^r, it has been shown 
that when incandescent bodies are emitting light, 
that which sets up the light waves in tlu* eth‘‘r 
is the movements ot the negative electrons in 
vibration. What the precise relation of the 
electron to the ether itself may be is a matter for 
speculation. A further speculation is that all 
mass— that is, all matter — may consist of 
systems of (‘lectrons. Professor J. J. Thornton 
has Hugger.tcd that the atoms of the ordinary 
elements as known to the chemist may consist 
of systems of negative corpuscles grouped abo it 
a central mass of positive electricity, some such 
groupings being stable, others unstable. Any 
unstable groups might readily emit some of their 
corpuscles and change to other more stable form^ 
of lower atomic weight. This might account for 
the singular transformations of radium and the 
electric phenomena ac(*ompanying the emana- 
tions and rays which it emits. We may bo yet 
very far from having arrived at any final know- 
ledge of these relations ; but this is at least clear , 
that a great deal more is now known about th(^ 
nature of electricity itself than was known 
ten years ago. 


Continued 
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Contiiincd fnmi 

Brushing and Steaming. The Machines and their Operations 
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By W. S. MURPHY 


COME classeB of cloth arc finished in the 
factory ; others are handed over to out- 
side specialists, such as bleachers, dyers, 
and calenderers. W(' cannot lay down any 
invariable rule, however, because practice 
vanes indefinitely. It can only b<‘ said with 
certainty that the separate* finisning operations 
may be studied to best advantage under special- 
ised conditions. We purpose, therefore, con- 
sidering the textile finishing operations in two 
divisions ; first, as a factory process, directly 
succeeding the weaving ; secondly, as a special 
process, carried on in establishments wholly 
separate from the spinning and weaving factories. 



188. St'OURINO MA(UiINE 

Even this division may involve us in repetition ; 
but theoretic consistency is not esteemed a 
virtue in practical mdustry. 

Course of Operations. Our aim in this 
finishing process is to produce a cloth of solid 
body, unshrinkable under water and changes of 
temperature, with a fine nap lying evenly on 
the surface, which does not spot or allow dust 
to penetrate the fibres. We want, in short, a 
cloth which wears well, and keeps its fresh ap- 
pearance after a considerable amount of use. 
The means adopted to accomplish these objects 
vary a good deal ; but the following operations 
are generally employed: Braying or sconring ^ 
hurling, first darning, fulling, milling, second 
darning, scouring, Centering, teasling, cropping, 
brushing, steaming, darning, damping, and 
pressing. Some manufacturers repeat these 
operations, or some of them, several times ,* 
others go straight through, relying on the effi- 
cacy of the one operation. 

Braying or Scouring. When the cloth 
is taken off the loom it is full of size and oil. 
Having served the purposes for which they 
were employed, these substances must be got 
rid of by the operation we name braying or scemr- 
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ing. Any machine which will hold the detergent 
liquid, and carry the cloth through it, serves our 
purpose. A solution of 2 lb. of soda to 1 lb. of 
soap forms a good scouring liquid. AfU^r being 
run through the scouring machine [188] for 20 
minutes or so, the cloth should be rinsed in waU*r 
and cleared of soap On the end of the rinsing 
machine a pair of squeezing rollers take away 
the superfluous water, and then the cloths arc 
laid in the centrifugal drying machines, or 
whizzers, as they are called. These and the 
other finishing machines illustrated are made by 
Messrs. Wm. Whiteley & Sons, Ltd , Lockwood 

Burling. Scouring should have cleared 
away the size and grease and loft the cloth 
bare. Our object is to detect and remedv any 
defects which may be in the cloth, such as knots, 
scobs, flying threads, flecks, and breaks in weft or 
warp. Over the roller hung in a good light the 
cloth is run, while wo watch its surface for faults. 
The light penetrates the cloth and shows up every 
flaw ; here appears the glittering point of a burr, 
there the soft cloud of a scob, and there the 
flying end of a loose thread. As each flaw comes 
into sight it must be picked out, or marked for 
the first darners. The work of burling requires 
quick eyes, a good knowledge of cloth, and deft 
hands. 

First Darning. Sometimes very serious 
defects occur in the cloth. Warp and weft may 
have broken at one point, or the tied knot of the 
mended thread may have slip^^d, leaving a hole. 
As each fault of that kind is detected in the 
burling, it is marked, and the cloth is handed 
on to the darner. On the darning table we find 
several rows of skeins of woollen or worsted 
thread wound on cards. Curiously enough, this 
device of the factory has become domestic, and 
house-mothers buy similar 
skeins from the hosiei to 
mend the stockings of the 
family. First darning, how- 
ever, is more than covering 
up holes. We must imitate 
in every particular the 
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weaving of the warp and weft so as to make 
the dam imperceptible. 

Felting Cloth. Few operations in the 
woollen trade have been the occasion of so much 
speculation and controversy as this one of 
felting. Everyone agrees that woollen cloth has a 
felting property, greater in some wools than in 
others ; but there are wide differences of opinion 
as to what constitutes the felting property. Yet 
the facts are plain and simple. The woollen 



thread, as we have noted often, is loose and 
open ; wetted wool becomes flaccid and tends 
to cling. Wool fibres have serrated edges. Sup- 
pose the wool fibres have been soaked, and they 
are clinging together for mutual support, by 
bringing pressure to bear on them we can con- 
firm the cohesion. But the fibres may tend to 
return to their former relations when dry. Some 
other factor must lie brought in, and that factor 
IS the serrated character of the wool. The scales 
of the outer skin of tht* fibres he over each othei 
like little plates of armour. When th(* wool is 
dry, the scales stand out, and under wat(‘i tend 
to lie flat. Moreover, the scales are elastic, and 
spread out under a sharp blow or sudden pres- 
sure. Our fac^tors arc all gathered, and we shall 
try how they work out the theory. Fill up the 
cloth with a greasy sulistanoe easily discharged 
and of wateiy consistency ; put the fabric under 
pressure at once elastic and firm. The fibres 
cling ; the pressure brings the loose thread 
close ; the serrations grip into and hold on to 
each other with a thousand little teeth — the cloth 
is felted. 

Fulling. Soft soap is the greasy substaneo 
used for fulling out the cloth for the felting 
machine. The soap greases the fibres, making 
them slip easily over one another, acts as a kind 
of protecting pad to the threads under pressure, 
or .the blows of the milling stocks, and is easily 
discharged. The web of cloth is joined in an 
endtess band, and stretched on the rollers over 
the fuUing trw^ [189], where it is filled with the 
soft soap. Being so easily discharged, the soap 
requires to be renewed several times during the 
felting process. 

Milling Stocks. The oldest form of felting 
machine still in use is the milling stocks. 
A pair of wooden slabs, with large heads, are 
gemod on a frame above a sloping, narrow 
trough [IM]. The heads of the stocks rest on 
the bottom of the trough, and the function of the 
gearing is to pull down and let go the end of each 


stock alternately. By this action the heads of the 
stocks fall by their own weight on the sloping 
bottom. When the cloth has lieon filled with 
soap it is laid on the fore-end of the trough, and 
as the stocks beat alternately upon it, it is slowly 
drawn to the other end. Here we have all the 
requisites of felting — the soap, the wati^r, and 
the elastic boating of the fibres into close 
union. 

Milling Machines. The stocks have failed 
to satisfy the needs of woollen manufacturers 
in a variety of ways. Probably the most serious 
objection to them is that they are slow in action 
New forms of milling machines have been placeil 
at our disposal, very similar in structure though 
differing in minor details Examining one wc 
obtain on idea of the whole class. On the fore end 
of the machine [191] is a slotted guide board, wita 
stop motion ; above it is the guide roller, beyond 
which extends the contracting tube ; the felting 
rollers arc geared behind, forming the end of 
the machine. Two kinds of felting rollers may lie 
used in the same machine if desired. Most 
commonly the under roller* is flanged at the sides, 
while the upper roll(‘r is jilain. But, to harden 
the grip on the cloth, one roller is sometimes 
made convex and the other concave. When 
working, the soajied web is laid on the guide 
board and led up over the guide roller, through 
the contracting tube, and between the felting 
rollers, whicli draw and felt the cloth, drawing 
the fibres closer and clost^r. On this machine the 
soaping must be frequently renewed and care- 
fully watched so as to prevent friction. 



191. MILLING MACUINU 


Shrinkage. The degree of felting uepends 
a good deal on the character of the cloth. The 
amount of shrinkage generally aimed at is from 
6 in. to 7 in. on the widui of narrow cloth, and from 
10 in. to 12 in. on broad cloths. Fine twills and 
fancy woollens are seldom more than half milled. 
When a heavy cloth comes out of the felting 
machine neither warp nor weft should show a 
single open thread. 
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Milling Felt Clothe and Carpets. 

Felt clothB and felted carpets of all kinds require 
to be severely milled. Milling is an indispens- 
able part of the manufacturing process of felt, 
not a mere finishing operation. When the 
felts come from the sulphurising- 
room, they are rough, harsh, and 
dry. On the fulling rollers the 
pieces are literally filled with soap, 
to endow them with the needed 
'elasticity and to soften the fibrf^s. 

As a rule, felts are milled on the 
stocks, because the heavy mallets 
work slowly over every fibre of 
the fabric. It is absolutely im- 
perative that the milling of fine 
lelts should be repeated over and 
over again till not a loose hair 
is visible. Fine felt should be 
indistinguishable, in outward ap- 
pearance, from the finest superfine 
cloth. We have additional means 
of putting on a good finish, whicli 
shall be noted in time, but nothing 
can compensate for weak milling 
on the stocks. 

Scouring and Stentering. 

At this point the departures in 
practice are so numerous as to 
call for notice. We may combine 
scouring with milling, and many 
combined milling and scouring 
machines are in use. Again, 
some cloths are sent direct from the scour- 
ing to a drying and stentering, or tenteriwj^ 
machine, while others require more elaborate 
and careful treatment. One very common 
practice is to scour, half-dry, and then cuttle. 


or age. To cuttle, is to fold the cloth up in a 
damp condition, and let it lie for a few days. 
In any case we come to the stentering. 

This machine is used in many departments 
of the textile industry, and is worth detailed 
attention. The main object of all 
stentering machines, of whatever 
model, is to stretch the fabric to 
its utmost breadth and width, 
and to confirm its form. The 
main structure of the stentering 
machine is two parallel lines of 
framing, fitted with hooks or clips 
to grip the sides of the cloth. 
When the cloth is introduced, the 
ends of the framing arc so near 
to each other as to allow the 
cloth to be easily clipped in. But 
the mechanism is design(‘d to draw 
the frames apart whencv(»r the 
machine is started. While the 
cloth is being drawn in on the 
long frame, it is being stretched 
to its utmost width and length, 
and the relation of every thread 
kept true to every other. 

Teaaling, or Nap-raising 
The cloth yet lacks that smooth- 
ness of texture which is charac- 
teristic of a well -finished cloth. 
Viewed through a magnifying 
glass, it presents the appearance 
of a rain-swathed ancf unshorn 
meadow. It must be shorn level ; but if that 
were attempted without due preparation the 
result woulci be very unsatisfactory. To make 
sure that all the inequalities shall be removed, it 
is necessary to raise them all up. This operation 
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» accomplished hy the aid of a cone-shaped 
burr, spiked like the head of a thistle 1192]. 
The plant on which the burrs, or teasl^, are 
grown, named Dipaacus FyJhrum, is cultivated 
in France and England solely for the woollen 
industry. Y orkshire teasles are highly esteemed . 
Looking into the cones, we see that the spines 
are sharply hooked, and pointing downwards 
from the top. Smooth and elastic, the 
spines are evenly set, forming an exquisitely 
proportioned teaser which we have vainly 
sought to supersede by mechanical arts. The 
teasles are fastened in horizontal rows, two deej), 
on the frames of the gig cylinder. The raising 
gig is a simple machint* fl96J. The teasle frames 
are mounted on a wide cylinder composed of 
staves fixed on the spokes of a driving shaft. 
Close to the cylinder hangs the cloth beam, 
and extending over like a canopy is the frame 
which, in conjunction with a driven scray in 
front, holds the web taut, and sends it round 
upon the gig cylinder. The cloth frame and 
beam run in the direction opposite from the 



best and newest machines are different. Makers 
of cropping mocihines undertake to supply any 
form of rest or bed. 



195. HAISINU GIG 


from the fixed solid 
to the elastic rubber 
rest [197). Hard, 
heavy cloths can best 
be cut on the solid 
bed or ledger blades ; 
but the greater 
variety of cloths re- 
quire an adjustment 
more delicate. To 
obtain a smooth sur- 
fa(!C‘, the cloth maybe 
passed twice, thrice, 
or oftoner, through 
the ma(hino. 

Brushing and 
Steaming. This is 
the beginning of an- 
other stage in th(^ 
finishing process. 
The fabric; is smooth, 
but two special quali- 
ties arc; yet wantc;d. 
The; surface should 
be lustrous and resist 


motion of the gig cylinder, thus working the 
surface of the cloth against the teasles. 

Cropping. Looking along the surface of 
the raised cloth, we sec? the fibrc?s standing up 
irregularly, some long and floating, others stiff 
and sWt, and all mingled with fluff. To free 
the fibres and make them stand clear we employ 
what are called setting-up brushes. This may 
be done either on a separate machine fl96], or 
by brushes on the cropping machine 119^]. For 
the latter, which is the most up-to-date method, 
good madiines, resembling in framework the 
teasling gig, have been devised. The setting-up 
brushes occupy tlie position of the teasling 
cylinder, and beyond these is the spiral cutting 
roller. Knife-blades form spirals round this 
roller, which revolves on a cutting bed. Some 
of the simpler machines have ledger blades for 
setting the nap against the cutter ; but the 


the spotting of rain. In general structure 
the brushing and steaming macdiine [193] 
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closely resembles the teasling gig. The steam - 
box is placed in front of the main body 
of the machine, and the brushing rollers 
revolve behind it. A soray before, and a 
canopied frame, with rollers, above, carry the 
cloth round, bringing it over 
the steaming-box and through 
the brushing rollers. When it 
emerges from this machine the 
cloth has a superficial finish, 
which is to 1 k) deepened and 
confirmed. 



Worsteds. Except in one particular 
worsteds are finished by 'the same process as 
woollens. But this has to he specially noted. 
Worsteds are not felted ; the beauty of many 
worsted cloths largely consists in the patterns 
which the threads form on 
the surface ; if felting were 
resorted to all the weaver’s 
trouble would Ihj thrown away. 
But, as we have seen, all kinds 
of cloths composed of wool 
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By WILLIAM J. HORNER 

Joints Not in the Same Plane. We case a batten is nailed across the extension 

now come to a class of joints employed for the end piece to bear against. This practically 

more in small work than in large, and conse- forms a rebate on the outside which enables the 

quently more used in joine^ and cabinet- end to withstand outward pressure — just the 

making than in carpentry. 'Die weaker and reverse of 200, in fact. This is useful in work 

more refined forms, such as the secret dove- that is frequently taken apart, because the batten 

tail and mitre joints, are scarcely used at all strengthens and keeps the side from warping or 

in carpentry, but the rougher and stronger splitting. Fig. 203 shows a batten on the end 

ones are necessarily employed a good deal piece instead of on the side This is a method 

in all woodworking trades, and as we are dealing commonly adopted in making packing eases, 

with joints in general it would bo difficult to the end teing thus strengthened and the lap of 

select some and omit others that are in use, the joint increased. It is simply a repetition 

though only occasionally adopted in carpenters’ of the butt joint, but with the end thickened and 

work. The class of joints about to be Anicribed fortified. Another variation of this is shown 

are those employed in uniting wide and com- in 204, in which tlie joint is strengthened by a 

paratively thin pieces of wood at right or batten or block inside. Fig. 205 is a method 

other angles — as, for instance, in boxes and of making a comer joint with extended end so 

cases of all kinds, drawers, etc. that it will stand either tension or compression 

As in the earlier joints described, we have in any direction. It is done by making a 

first the simple butt joint 1199] held together veed or dovetailed rebate, into which the end 

by nails or screws. Glue is of no ust* for holding must bo slippy sideways. This involves more 

such a joint, though on rare occasions it might work in making than any of the preceding 

be employed as a slight reinforcement to nails joints, and for some purposes the extendea 

and screws. In such a case the pores of the end ends would be objectionable. It may be sim- 

grain must be stopped by a preliminary coat pliiied by dovetailing only one side of the rebate, 

of glue, which is allowed to dry before applying Fig. 206 shows another form of rebated joint, 

fresh glue to unite the parts. This, however, in which the rebate is made very ntoow, ex- 

does not make a strong glue joint, for that is tending from the inner face of the end piece 

impossible where end grain is concerned. Tlie to only about one quarter or a third of the 

ordinary butt joint, nailed or screwed, is com- thickness of the end, the latter being cut to fit it. 

monly employed for all kinds of rough work This allows end grain beyond the rebate without 

where ends meet at right or other angles. any extension beyond the outer face of the end 

Ordinary boxes, packing cases, etc., are usually piece, thus forming a very neat and satisfacdory 

nailed together with butt joints, as shown in joint not greatly inferior in strength to a full- 

199, the piece which laps over the end grain width rebate like 201. Another form of joint 

being usually the longer way of the box or not very often employed and suitable* only for 

other structure, and the piece between the rough work is that shown in 207. It is a simple 

shorter. If the box measures the same each half -lap joint, almost unrecognisable as such 

way, of course this rule cannot apply; but sides because of the gn*at depth of the members 
and ends are always kept uniform — that is, comjpared with their thickness, 
ends always fit between and sides lap over. Mitre Jolnta. Next in simplicity to square 

Improved Butt Joints. An improvement butt joints come mitre joints. As far as neatness 

on the plain butt joint is to rebate the end [200], goes, a plain mitre joint, like that shown in 208, 

thus forming a shoulder, which prevents the end is an ideal method of uniting two pieces of wood 

piece from ^ing knocked or forced inwards ; and meeting at an angle. In joining mouldmgs there 

as the side abuts against the end, both pieces are is practically no choice but a mitre joint, or the 

able to resist external pressure without injury more troublesome method of cutting the end 

to Ihe joint. If the relmte be cut as in 201, an of one piece to fit the contour of the other, 

inch or BO of wood Extending beyond the end This latter method is sometimes adopted, and 

piece, the latter will be able to resist also a great is called a scribed joint. 

^eal more internal pressure than if simply depend- WeakMsa of Mitre Joints. Unfor- 

ing on nails or screws, as in the two previous tunately, however, the mitre is too weak 

examples. Another advantage of the extended to be employed for anything where strength 

end is that the na ils are 1^ likely to split the is essential. Like the butt joint it always 

wood or break out of it. In many oases, how- depends entirely on something else as a means 

ever, there are serious objections to having such of holdmg it together, while at the same time 

an extension. Another joint with extended ends it is a much more difficult joint to hold than 

but without a rebate is shown in 202. In this a square butt Kails or screws can be used, 
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VARIOUS FORMS OF BUTT, REBATED, AND MITRED JOINTS UNITING 


In cabinet - maker's shops 
veneer is handy for this 
purpose. The grain of the 
inserted pieces must run 
transversely to the joint, 
otherwise they would be of 
little value. After the glue 
is set they are trimmed off 
flush with the outside sur* 
face. Another more trouble- 
some method less frequently 
employed is to cut slots 
across the joint for the re- 
ception of dovetail -shaped 
key^ which are glued in 
similarly to the thin slips 
and trimmed off after. These 
methods are rather unsightly 
and are adopted only because 
something is necessary to hold 
the joint together. In the 
comparatively few cases 
where the mitre joint runs 
with the grain of the wood 
[209], glue may be sufficient 
to hold it, or it may be 
strengthened by wood block- 
ing in the interior angle, as 
shown in the square butt 
[204], provided, of course, 
that there is no objection 
to the blocking. In an end 
grain mitre, like that shown 
in 208, the joint might be 
strengthened by nailing or 
screwing a block in the 
angle ; but it would not be 
advisable to glue it, because, 
as the grain would cross, 
unequal shrinkage would be 
almost certain to break 


PIECES AT RIGHT ANGLES 
but, owing to the inclination of the surfaces, 
they are troublesome to insert, and the joint is 
not strong when they are in. Moreover, as # 
mitre joints are used chiefly when appearance 
is the first consideration, nail or screw holes 
are objectionable. Glue holds slightly better 
on grain cut at this angle than on direct end 
gram, and it is generally used in a mitre joint, 
but always in conjunction with other fastenings. 
Pine nails are often used to hold mitre joints, 
and are driven in the same way as they would 
be into a square joint, the nail being entered 
at right angles with the face of th^ first piece 
and running into the other parallel with its gram. 
The mitred parts are held in position in a mitre 
cramp, or one is held in an ordinary vice and 
the other carefully kept in position by the hand 
while nailing. When screws are used they are 
generally inserted to go through the joint at 
right angles to its surface. 

A very common method of uniting a mitre 
joint is shown in 208. It consists in running 
sawcuts at an angle across the joint while the 

K rts are clain]|^ together, or after the joint 
8 been glue^ and gluing slips of wood of 
the same thickness as the sawout into them. 


hold of the glue. Frequently 
a tongue is inserted, as in 209, but in end grain 
especially this is troublesome to do without a 
circular saw and fixtures for holding and guiding 
the wood. Fig. 210 is a mitre joint which 
differs from the foregoing two in having a 
square shoulder or stop formed at the interior 
angle of one of the pieces, the chief reason for 
it being that the piece with the stop is thicker 
than the other, and it is desired to keep the 
mitre angle at 45 degrees. It also makes a joint 
slightly stronger and more convenient for nailing 
than a plain mitre. Fig. 211 is a more com- 
plicated form, eminently suitable for nailing, and 
very strong. In this casd the joint is mitred only 
for a ^ short distance back from its outer angle, 
the remainder being a rebate. Fig. 212 is a 
still more complicated form, often held together 
by glue only. 

All these joints are marked out with square 
and bevel, scribed lines being made, or if the 
dimensions of the work that is to be mitred 
together are .unimportant, plain mitres may be 
sauii against a mitre block [97, page 3755] ot 
in a mitre box [218] or cut with a mitre 
machine ; and usually are planed after to an 
accurate fit on a mitre shoot [214], of which 
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there are seyeral forms, 214 not 1t>eii» stdtable 
for long joints like 20S and M. The more 
complkatM forms have to be earefnhy marked 
out, and sawn and worked to the hnes with 
chisels and rebate planes. 

Lock Comer Joints* We now come 
to an important variety of joints differing 
from all the foregoing in being fitted to each 
other by a smes of projections and correspond- 
ing recesses, instead of a continuous projection, 
as in the case of a tongue and groove and others 
of similar character, or joints in which there 
are only one or two projections, as in tenons 
and laps. The simplest form of this class is 
the lock comer [215]. This is an excellent 
joint which, held by glue alone, is strong enough 
for almost any purpose. It is, however, not 
often made by hand because there is as 
much work m it as in dovetailing, and 
hand workers prefer the latter if a first-class 
joint is to be made. Lock comers, therefore, 
are almost invariably cut by machinery, but 
owing to the prejudice against their appear- 
ance they are employed only for a rough 
class of work. 

Dovetail Jolnta. V^y cbsely allied to 
the lock corner is the dovetailed joints which 
is oonsiderod the best possible for uniting ends 
of wood at right angles. Fig. 216 shows the 
ordinary form and proportions of dovetails, 
the two pieces being separated. Fig. 217 shows 
a form in which pins, and spaces or sockets are 
of equal width. This is sometimes called a 
ci^em dovetail, because it is used for wood 
cisterns and large heavy boxes. It is rather 
stronger than 216, but the appearance of the 
latter is ocmsidered better, and so it is almost 
universally employed for light and small work. 
Tlie ideal shape is considered to be dovetails, 
with the narrowest possible spaces between 
— that is, a space no wider at its narrowest 
part than the thickness of the saw ; and 
where appearance is of more importance than 
strength, this proportion is often adopted. 
But the usual proportion in ordinary work 
is that shown in 216, in which the dove- 
tails are about four times the width of the 
spaces between them, the measurement being 
taken on a line half-way between roots and 
points [A, B, 218]. The angle of the dovetaik 
is about ^ degrees with the ends of the wood. 
A more aotite angle renders that portion of the 
wood liable to shear away in line with the grain. 
As in the putting together of ordinary butt 
ends, like IM, so m do vetaikd ends ; if the box 
or frame be laaiper in one direotkm than in 
the other, the dovetails are out on the longest 
sides, and the pins which fit between them on 
the shortest. A gauge is set to the thickness of 
the wood that is to be dovetailed. In most 
oases, of course, sides and ends are of similar 
thickness, and the gauge is set to that dimension 
and used on the en£ of all the pieces alike, 
gai:^e lines being marked on both sides of each 
end where dovetails are to be out, and also 
continued over the edges, so that a line goes 
oon^tely round each end, indicating the length 
of the dovetails. 
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Mtarllffig Dovetail Joints. As one part 
is marked and outfirst and the part which has 
to fit it is marked directly from it, it is not 
essential that the marki^ out of pins or 
sockets should be done other than roughly by 
the eye, but usually it is done accurately by 
measurement. Some men start by marking out 
the dovetails or socketed portions, while others 
are in the habit of marking the pins first. It is 
not a matter of any importance, but the first 
method is preferable when a quantity of parts 
are being done, and it is desired to cramp and 
saw a number together. 

To begin by marking out the socketed part, 
the line A B [218] should be gauged or pencil- 
marked half-way between the roots of the dove- 
tails and the end of the wood. This is the 
line on which the divisions are made, the inclined 
lines of the sockets cutting through the divisions 
on this line and extending to the roots and 
tops of the sockets where the divisions to mark 
from could not be so conveniently made. To 
proportion them roughly one-third of the thick- 
ness of the wood may be taken as a suitable 
width for the sockets and four times that amount 
for the intervening dovetails. These divisions 
are made on the line A B, and modified to suit 
the width of the wood. At the edges of the wood, 
half dovetails are formed, or, if desirable, more 
than half, in order to give a reasonable thickness 
of material on the outside. A bevel is set to the 
angle of 80 degrees, and used against the end of 
the wood to scribe the lines in the same way that 
a square would be used for marking right angles. 
When, as is usually the case, two sideB have to 
be marked and out they are clamped or screwed 
together and treated as one piece, thus saving 
time. The bevelled lines of the sockets are next 
cut with a dovetail saw, or if largo, with a 
tepon saw, the wood being held end upwards in 
the vice, and the cuts being made down to the 
gauged line which marks the roots of the sockets. 

Dovetails are usually put together a sawn fit, 
only the end grain at the roots being finished 
witn a chisel. When sawn down there is a choice 
of two methods of procedure. One is to clear 
the sockets out first. This would be done with 
a bandsaw if one were available, but by hand 
they are either partially cut with a bow saw or 
else by mallet and chisel, workmg from each 
face of the wood in turn. In anv case a chisel 
must be used for finishing exacl^ to the gauge 
line. For this purpose a cl^el with sideB bevelled 
to the angle of 80 degr^ or more is more con- 
venient than a square-sided one. Then, the end 
to be fitted to it is placed in the vice and scribed 
from it, as shown in 819. The other method u 
to mark the and with a saw inserted in the saw 
outs before the spaces are cleared out [220]. This 
method would be decidedly better if the saw made 
represented exactly the cut, but to make the pins 
and sockets a close fit the saw must afterwards be 
kept a shade to one side to allow for the thickness 
of the out. Either method may be adopted, 
marking with the saw generally Ming prefeirA 
The pi^ are numbered or markm to show 
how uhey go, and then sawn down and cleared 
out with a chisel, and are ready to go together. 
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Lap Dovetails. Lap dovetails [221] are used 
chiefly for drawer fronts, the front being made 
to lap over and conceal the ends of the dovetails 
BO that the latter are visible only in the sides 
when the drawer is open. The thickness of the 
lapping or covering portion on the front is 
usually the difference in thickness between front 
and sides, generally about J in. or so. This does 
not materially affect the method of marking out 
and cutting them already described, except that 
the saw cannot be run through in cutting the 
front. 

Secret Dovetails. Secret dovetails [222] 
are concealed within what appears from the 
exterior to be a plain mitre joint. They are 
employed only in high-class work for the sake 
of appearance, the joint being weaker than 
ordinary ‘dovetailing, and more troublesome to 
make. The dovetails are simply gaiigenl liaek 
short of the ends of the stuff, and otherwise 
marked and worked in the ordinary u ay, exc^ept 


not struck directly with a mallet, for fear of 
bruising or splitting it if the pins do not go 
dowTi regularly, but a largo block of wood is 
laid on the surfac«', and blows with a mallet or 
heavy hammer delivered on this, changing the 
locality of the lilows as required. The nt, of 
course, must not be so tight as to necessitate 
very heavy hammering, or there w ill be a risk 
of splitting. 

Ornamental Angle Joints. Figs. 228 
to 227 illustrate methods of ornamenting and 
concealing joints in wood meeting at right angles, 
the forms of the actual joints not differing in prin- 
ciple from those previously shown in IM to 212. 

Joints at Other than Right Angles. 
These are frequently necessary, and there are 
two main varieties. One, in which the pieces 
mwq at right angles in one plane but not so 
m the other, 228 being an example ; and the 
other, in which they meet either at an obtuse 
or acute angle, 229 being an example of an obtuse 
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that they have to be cut out, chiefly by the chisel 
alone, because the saw cannot go through. I’he 
wood extending beyond the ends and sides of 
the dovetails is then bevelled to form a mitre 
joint. Another method frequently adopted, but 
not so strictly a secret dovetail as the preceding, 
is to mitre only the front and leave the ends 
square, which gives the joint an exterior ap- 
pearance like 211. It is, in fact, a double lap, 
instead of a single lap like 221, the comer being 
mitred to permit the laps to come together. In 
another form the lap is not mitred, but appears 
on the exterior as a plain lapped joint like 209. 

Dovetailed joints are usually held together 
by glue alone, though it adds to their strength 
if they are nailed as well. Before gluing, the 
parts should be tried together to see that they 
fit properly. Then plenty of glue should be 
appUed to the end grain of me i>in spaces, 
and a little to all parts that come in contact, 
using a small brush or thin slip of wood in the 
sockets. In finally driving together, the wood is 


angle. In either of these cases most of the joints 
already described arc applicable, making the 
necessary allowance for the different angle. This 
m most cases gives more trouble in making them, 
c^8[)ecially the dovetail. The pins rmd sockets 
m this case should Ik' parallel with the sides of 
the wood and not marked from the ends unless 
two bevels set to diffenmt angles arc used, for 
the angle of 80 degrees, sloping alternate ways 
from the end, would tilt the dovetails out of 
parallel with the sides. Such a joint would go 
together and is sometimes employed, but it is 
not the usual method. The extra difficulty, how- 
ever, in all points of this kind is more in the 
marking out than anywhere else. The square 
generally has to bo discarded and a bevel used 
in its place. Even in a simple butt joint [228], 
the fitting is considerably complicated by the 
slope of the sides and ends, which throw at an 
angle everything which in ordinary work would 
be cut square. This necessitates the use of the 
bevel, and careful marking out. 
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Fished and Scarfed Joints. These are 
joints used in lengthening balks and timbers 
of large section in heavy oarpentrv. In these, as 
in all others, the kind of jomt adopted depends 
on the nature of the stress it has to sustain, or 
whether it is for temporary work or permanent 
service. There are two main varieties of joint 
used for uniting large timbers end to end, each 
well adapted for resisting corresponding stresses. 
These are joints to resist compression, and those 
to resist bending and shearing and some amount 
of tension. The former are required for posts and 
vertical timbers, the latter for horizontal beams. 

Timbers which stand vertically and have to 
resist compression endwise should always have 
square jointt, never scarfed, veed, or sloping 
surfaces. The simplest way to joint for this pur- 
pose is to butt the squai*e ends together and bolt 
^h-plates to the sides, as shown m 280. Fish- 
plates may be either of iron or wood. In the 
latter case, to make the joint equal in strength 
to a solid timber, the combmed thickness of the 
plates should be equal to the thickness of the 
timbers joined. Iron plates are usually pre- 
ferred, sometimes laid flat on the surface, and 
sometimes with their ends turned in [280]. 

Fish-plates are generally made in length 
equal to about six times me thickness of the 
timber, hard wood requiring less length than 
soft. Fig. 281 is a joint connected by wood 
plates. The plates might be bolted flat on the 
surfaces without the indentations shown, but 
the latter enable it to better resist bendine and 
tension. Two methods of indenting are shown 
in this illustration. That on the left, where the 
plate is fitted into the beam, is known as 
tablmg, and that on the right, where separate keys 
are used, as cogging or joggling or ke^^g. These 
(preatly relieve strain on the bolts. A half-lap 
joint like 282 is neater than either of the pre- 
ceding, and in many cases would be sufficiently 
strong in itself without the addition of flsh-plates. 

Improved Fish Joints. A still better 
form would bo to cut the lapping ends in a, 
series of steps, which leave each timber thick 
where its reauction starts, and thin at its ex- 
tremity. Fig. 288 is a more complicated joint of 
the half4ap class, quite as strong in compression, 
but able also to resist more transverse stress than 
either of the preceding. It mav therefore be con- 
sidered superior in every way, out is more trouble- 
some to make. A furmer improvement on this 
is shown in 284, the joint in this case being 
tightened by driving a key through the slot cut 
in the centre. The advantage of this is that the 
joint can be more easily fittSi together, and can 
be keyed to a tighter fit than would be possible 
if the parts had to be driven together sideways 
and left at that. When a beam.has to be fortified 
against side strains as well as downward pressure, 
the joint is often indented longitudinally at each 
end of the lap instead of being out straight across. 

Scarfed Joiata. All the examples so far 
have been suitable for vertical timbers, but we 
now come to scarfed joints for tension and 
bending rather than oompressmn. 

A scarf is a bevelled or sloping joint [285 and 


886]. In its simplest form, which is not very 
strong, it is a plain, flat surface at -an angle. 
In compression the surfaces of such a joint would 
tend to slide over each other and so break the 
joint ; and even in more complicated form, with 
the surfaces veed, as at the lower side of 285 
and 286, there would be a tendency to split the 
recessed part out. But these joints are well 
adapted for beams which are subjected to com- 
hined tension and bending. As the upper part of 
a beam is in compression and the lower part in 
tension, the extremities of the scarf are generally 
formed, as in 285 and 286, to suit this, the square 
shoulder on the upper side being much letter 
for compression. Often short fish-plates are 
bolted across the under sides to assist m keeping 
the joint together, and sometimes also across 
the top joint to stiflien the beam. Sometimes 
fish-plates the full length of the scarf are em- 
ployed. Joints in l^ams should always be 
arranged to come on or near supports. Fig. 285. 
is tightened by one key, and 286 by two keys, 
its form being comphcated thereby. For rough 
temporary work, timbers m tension are often 
lapped Bide by side for several feet and bolted. 

The tabled and cogged joint [281] is adapted 
for resisting tension. Deeper notches might be 
employed if it were a joint for tension only, 
but this would make it weak laterally, and if 
carried too far, weak in every way. Generally, 
direct tension in a joint is so slight that the bolts 
alone can be relied on to resist it. In fished and 
scarfed joints bolt holes should be bored small 
enough for the bolts to be driven in a tight fit ; 
and, as in all other woodwork, the nuts should 
be tightened at intervals as the timber shrinks 
and accommodates itself to the compressive 
force of the bolts. 

Other Joints. When great lengths have 
to be made up, a number of deals are often bolted 
together, breaking joint with each other [287]. 
A very strong timW of unlimited length can 
be built up in this way. When a great number 
of deals are employed in this way in forming a 
single timber, the end joints would not be arranged 
symmetrically as in 287, but so that not even alter- 
nate ones came opposite each other. The buildmg 
up of a long timW is only one example out of in- 
numerable instances in which the principle of 
breaking joint is em- 
ployed in construc- 
tions of wood. 

Beams may be 

240. KSY FOR BEAMS increased in depth 
by jointing, as in 
288 and 288, the cogged oit serrated joint being 
necessary to prevent sliding. Iron plates may 
be employed as in fished joints to increase the 
strensth of a beam. Generally one plate only, 
called a flitch jAaJtt, is employed, the beam being 
split down the middle and the plate bolted 
l^tween. Steel girders or trussed beams are 
usually preferred to these methods. 

Fig. 240 shows the form of key empbyed in 
beams. It consists of a pair of folding wedges 
which, driven in opposite directions, tighten 
themselves in a parallel slot. 


Continued 
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ART IN GERMANY, FRANCE & SPAIN a*i 

Diirer and Holbein. The Fetes Galantes. Watteau, Boucher, " 

Fragonard, and Greuze. Hidalgo and Inquisition. Velasquez and Goya murniiwir ai 


By P. G. KONODY 


German Painters. German painting 
of the fifteenth century has been admirably 
summed up by M. Reinach : “ Italian art 
dreamed oi beauty and realised its dream. 
Flemish art was in love with truth and held 
the mirror up to Nature. German art rarely 
achieved either truth or beauty. But it succeeded 
in rendering, with a fidelity that was often brutal, 
the character of the Gorman people immediately 
before and after the Reformation.” Local 
schools were flourishing already in the fourteenth 
century in the various cities and districts, but 
comparatively few of the artists’ names have 
iMjen handed down to us, and modern rt»scarch 
has had to be content in many cases with identi- 
fying the painters as 
“ the master of such 
and such a picture.” 

The schools of Prague, 

Cologne, Augsburg, the 
Upper and the Lower 
Rhine abound in such 
anonymous masters, 
who generally contented 
themselves with setting 
their angular figures, 
which in movement and 
expression often verge 
on caricature, against 
a flat golden bac'k* 
ground, w ithout an 
attempt at landscape 
backgrounds, and with- 
out much concern for 
orderly composition. 

Yet there is an undeni- 
able naive charm in the 
sincerity of many of 
these works, though 
they have neither the 
beautiful colour, nor 
the tender sentiment, 
nor the delicate execu- 
tion of the contem- 
porary Flemish works. 

Diirer, Even 
Albrecht Diirer (a.d. 

1471-1528), the greatest 
German master, is no 
exception to the rule, and of pure beauty such as 
we have met in the works of his contemporaries 
in Italy but little is to be found in his pictures. 
He is intensely draniatic and serious, simple and 
direct, and combines to the highest de^ee all 
the qualities that are characteristic of the German 
Renaissance, a movement which was intellectual 
and moral rather than artistic [81]. Few, if any, 
artists could rival Diirer in the rendering of 
textures, and this refers as much to his line 


engravings as to his paintings ; few could invest 
every detail and ac’cessory introduced in a picture 
with more interest ; few there are that could 
depict a simple story with more homely, touching 
directness. 

Holbein. The second of the great masters 
produced by Germany was Hans Holbein (1497- 
154.3), the greatest of the Augsburg School, 
as Diirer had betm the greatest of that of Nurem- 
berg. Holbein is one of the few early Germans 
who is exempt from the chargi* of lacking the 
sense of beauty. He benefited by the lesson 
taught by the Italians as regards pictorial com- 
osition, and developed a noble free style M*hich 
ad none of the taint of German ugliness. At 
the same time he 
retained the typical 
German quality of 
careful, minute obser- 
vation, tempered by 
sympathetic insight into 
character. His portrait 
drawings, of which a 
vast number are pre- 
served at Windsor 
Castle — Holbein was 
Court painter to Henry 
VIII. — show his un- 
rivalled Hureness of 
touch and expressive- 
ness of line. Like most 
northerners, he loved 
to introduce a gn^at 
variety of detail into 
his pictures, but he 
always knew how to 
subordinate^ it to the 
main theme, A^hich it 
emphasises ratluT than 
detracts from. In such 
pictures as “The Am- 
bassadors ” at the 
National Gallery [82J, 
or the merchant 
“ George Gyze ” at *f he 
Berlin Gallery, all the 
accessories are fraught 
with meaning, but do 
not draw our interest 
from the personages depict^ed. And for perfect 
craftsmanship Holbein may be held up to every 
student as an example worthy of emulation. 

Janet. In France the chief representative 
of autochthonous painting in the fifteenth 
century was the illuminator Jean Fouquet, 
but the history of French painting may be said 
to begin with Francois Clouet (a.d. 1510-1572), 
better known as Janet, an artist considerably 
influenced by the Van Eycks, and one of the 
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trorld's grel^test miniature painters. His por- 
traits often bear a close resemblance to Holbem*8. 
His contemporary, Jehan Cousin, owed nothing 
to foreign teaching and acquired great fame 
as a painter of glass. 

Francis 1., in a.d. 1631, called Primatiocio and 
a few other second-rate Italian painters to his 
country to decorate his castle at Fontainebleau, 
and this led to the founding of the school of 
Fontainebleau, from which issued a number 
of pseudo-Italian mannerists whose pretentious 
work only delayed the development of national 
French art. Only, the early seventeenth century 
brought forth a few native artists of decided 
originality, notably the brothers Le Nain, painters 
of homely scenes and of camp life, who had di 4 - 
tinct affinity with 
the Dutchmen of 
the time, though 
their sombre colour- 
ing connects them 
with the Spanish 
school 

The French 
C 1 aeeicists. 

Nicolas Poussin 
(A.D. 1694-1666) 

studied in Rome, 
then considered the 
fountain-head of all 
art, and learnt the 
lessons taught by 
Raphael and 
Michelangelo, and 
even more by the 
antique. He was 
more classic than 
any of the Italian 
classicists, and his 
figure paintings are 
antique reliefs 
translated into 
terms of colour. 

His eclecticism de- 
barred him from 
seeing life, movement, and emotion in Nature, 
which, in his pictures, are merely superficial 
adjuncts to classic poses. But he was a master 
of the heroic ’’ landscape, a landscape that 
is based on noble arrangement and linear pers- 
pective, and not on colour and atmosphere. 
Gaspard Poussin, his brother-in-law, was inspired 
by Nicolas in his landscapes, though the younger 
master was a littb more concerned with light and 
air, and not so uncompromisingly severe. The 
same influence product the style of Claude 
Lorrain (a.d. 1600-1682), who is considered in 
the article on landscape art, and who was an 
artistic progenitor of the great Turner. 

Watteau and the ** Rococo** Period. 
Another pupil of Poussin, Charles Lebrun (a.d. 
1619-1690), became Court painter to Louis XIV., 
and ruled as a veritable autocrat over the art of 
his country, which degenerated into mere 
theatrical pathos. He was not onljp' entrusted 
with all official commissions for pamrings, but 
was made Director of the Gobelins Tapestry 
Works, and supplied desi^ fmr sculptors, 
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cabinetmakers, and metal-workers. "'His paint- 
ings belong entirdy to the literary order, and have 
little to do with art. The real national tradition 
was perpetuated to a certain extent by the por- 
trait painters Mignard and Rigaud, and, above all, 
by Antoine Watteau (a d. 1684-1721), the great 
painter of the F^tes galantes,” the typical 
artist of the ** Rococo” period. His arcadian 
scenes — ^French courtiers and amorous dames 
masquerading as harlequins and shepherdesses 
in delicious gardens — ^have not a trace of cold 
classicism, and hold up a faithful mirror to 
the idle, gallant life of eighteenth-century 
society. The life he depicts is essentially artifleial, 
but there is nothing artificial in his stylo. 
With all their beauty of arrangement, his scenes 
do not appear to be 
constructed accord- 
ing to a formula, 
but have a con- 
vincing air of 
reality ; and, above 
all, he is a painter 
who revels in the 
precious quality of 
the pigment and 
who allows air and 
atmosphere to enter 
into his landscapes 
His followers, 
Lancret and Pater, 
degenerate into a 
coarse suggestive- 
ness which is quite 
in accordance with 
the immorality of 
the Court of 
Louis XV. 

Immorality in 
Art. This ten- 
dency reaches a 
climax in Fran 9 ois 
Boucher (a.d. 
1704-1770), the 
“ Painter of the 
Graces,” who is the t^ical child of a period of 
demneracy, though his works, however objection- 
abfe they may appear from the moral point 
of view, have undeniable decorative charm 
and superficial beauty. His pupil, IVagonard 
(A.D. 1732-1806), is a brilliant delineator of 
the nude, an artast of great esprit, who con- 
nects the period of untrammelled lascivious- 
ness with the downfall of riie old regime 
brought about by the Revolution. Parallel 
with this current of art» which is essentially 
at the service of the Ck>urt, is another little 
stream which reflects the healthier life of the 
people. Chardin (a.d. 1699-1779) is a painter 
wh^ tendency is as decidedly moral and ser- 
monising as Boucher and his school are immoral 
and seductive. And just as the latter are ofl- 
shoots of the Italianiskg classicists, so Chardin 
is connected with Le Nain and with the Dutch 
small masters. Even more marked is the moral 
tendency of some of Greuae*s genre pjetares [88J, 
though in other works he appears to oat^ for 
the sensuality of the ruling classes. But neither 
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of the two was the founder of a school, and the 
Revolution directed the art of France into new 
channels. 

French Sculpture. The progress of 
sculpture in France during these two centuries 
was very much on the same lines as that of paint- 
ing. The master who dominates the seventeenth 
century, Pierre Puget (a.d. 1622-1694). did not 
receive official recognition, since he would not 
submit to the autocratic rule of Lebrun. His 
art was based on the study of the antique and 
of Michelangelo. The hold of the latter master 
over Puget appears most strongly in the “ Milo 
of Crotona ” at the Louvre. To the eighteenth 
century belongs Falconet, the author of the very 
academic equestrian statue of Peter the Great, 
at St. Petersburg ; Clodion, a boudoir sculptor, 

who expressed in marble 

and terra - cotta what 
Boucher and Fragonard 
expressed in paint ; 

Houdon, a brilliant model- 
ler of portrait busts, and 
Pigalle, who continued to 
follow the antique with 
exaggCTated elegance ot 
form. His nobh^t work 
is the tomb of the Marechal 
de Saxe, in Strasburg. 

What marks all French 
sculpture of this period is 
the striving after grace and 
elegance and d(M*orative 
effect, which frequently 
results in limbs of ex- 
aggf^'ated length and a 
certain dainty aff(*ctation, 
which is far from dis- 
pleasing. The character ot 
the period is certainly 
reflected in its sculpture 
as well as in its painting. 

But with the advent of gj ^sTENiNi 
the Italian Canova at (Waito t oiie 

the turn of the century, 

all character was lost in a soulless, cold imitation 
of all that is merely formal in the antique. The 
fame of this uninspired marble-carver spread over 
the whole of Europe, and acted as an effective 
check to all individual expression. In every 
country his fatal example was emulated — in 
Denmark by Thorwaldsen, in England by Flax- 
man, in Germany by Danneker, and in France 
by numerous sculptors whose fame has been 
oblitt^ratod by the great men who followed in 
the second half of the last century. 

Spanish Painting. The history of Spanish 
painting may be said to begin about the time 
when Granada was captured from the Moors, in 
A. D 1492. In no other country was the individual 
expression so severely handicapped as in this 
country, where for centuries tne Inquisition 
exercised a censorship which not only forbade 
the study of the nude and all other ** worldli- 
ness,*’ but interfered even in matters of detail. 
The slightest deviation from Scriptural truth 
or from Catholic dogma was treat^ as heresy. 
Thus in painting a “ Crucifixion ” every artist h^ 


to adhere strictly to the measurements of the 
cross, which had to be in the proportion of 
15 ft. by 8 ft. ; and the Italian sculptor Torri- 
giano, who was working in Spain, was actually 
imprisoned by the Inquisition for having, in a 
fit of passion, broken up a “ Virgin and Child ” 
wrought by his own hands ! 

Art Under a Shadow. Thie strict 
supervision by the Church, together with the 
serious, proud character of the Spanish race, 
produced an art of great sombreness and reserve, 
inspired by a passionate love of reality, an art 
which has dramatic* intensity, boldness, and 
strength, but never sounds a note of gaiety and 
joy, and is rarely occupied with beauty and 
graoe. It reflects the proud, hidalgic attitude 
to life, the grandoza and strict c'ercmonial of 
the silent Court, the iron 
rule of the Church and 
Inquisition. And through 
all the influences from 
abroad — from Flanders in 
the flfti*enth century (the 
Gothic period), from Italy 
in the sixteenth (’entury, 
and from France at the 
close of the glorious period 
which culminated with 
Velasquez — can be div 
tected the sombre glow of 
these national traits. 

Juan de Borgoiia and 
Pedro B(*rr(‘gu(‘te, both of 
whom worked in C’astile at 
the end of the fifteenth 
century, wi‘re among the 
i? first to introduce Italian 
methods, which took firmer 
root when Charles V. and 
Philip II. induced a whol(» 
band of Italian painters 
tu settle in Spain. Among 
aiBL, BY OBEUZE *'>•* , prominont Spanish 

ti«n,I-m.lon) "“''tf'' “f 'Wly , «'*• 

teunth cent ury are Luis do 
Morales, Pedro C*ampana, and Luis de Vargas, 
but their works, like those of innumerable other 
meritorious painters of theperiod, are practically 
unknown outside their native country. 

The Rise of the Spanish School. 
What might be called the “ historical ” period of 
Spanish art rises with the school of Sevilla, to- 
wards the end of the sixteenth century. Pacheco, 
from whom Velasquez nu c*ived his early training, 
was scarcely more than an able Italian man- 
nerist; but Juan de las Rwlas (a.d. 1558-1625) 
and Herrera the Elder (v.d. 1576-1656) intro- 
duced something of the sumptuousness of 
Venetian colouring into the sadness and dark 
shadows of the Spanish pah*tte. Francisco 
Zurbaran (a.d. 1598-1662) was a painter of great 
emotional power, almost ecstatic in his dramatic 
intensity, with a sense of pleasing form and line. 

An extraordinary genius, weird and passionate, 
was El Greco (154^1614), who, in his endeavours 
to escape from the convention and imitation 
which fettered his precursoi*s, arrived at a fren- 
zied, extravagant style, with figure's whoso limbs 
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are twisted into extraordinary oontorticms and 
of inordinate lengtiii, seen in a patchy lig^t that 
never was on sea or land. He was a rc^less spirit, 
but endowed with a noble sense of colour and 
with the gift of seeing the dreams of his almost 
insane imagination as a homogeneous whole. 

Velaaquex, King of rafnterA. With 
Velasquez (a.d. 1699-1660) we reach the apogee 
of Spanish art. He was not only the greatest 
master of his time, but opened a new vision 
to modem art, a vision in which the greatest 
painters of our own day find Ovation. No 
one has ever more completely realised the trutei 
of the saying that 
the greatest art 
IS to conceal art. 

Painted with an 
astoundin 
nosB an 
plicity of means 
— ^his palette is 
said to have con- 
sisted of only four 
colours — his 
pictures produce 
an amazing effect 
of reality. Histone 
values are perfect, 
and there is a 
unity of vision 
which places before 
one just what 
could in real life 
be taken in by 
one glance, leaving 
out such detail 
as would detract 
from the general 
impression, and 
yet never slurring 
over anything that 
is really essential. 

In his portraits his 
sitters seem to live 
in the atmosphere 
in which they are 
placed, and their 
Ufe is not only that 
of their body, but 
of the very soul. 

His psychological 
uisight IB the more 
marvellous, as he 
painted at a Court 
where everybody wore habitually a mask of 
cold dignity to conceal his real character. The 
realism of Velaiquez is of a kind that never 
stoops to an indiscriminate recording of Nature's 
accidental blqmirixes. If his pictures appear 
to be the spontaneous result of direct owr- 
vation, and have little in common with the 
studied arrangement of academic oompositums, 
he is BO perfect a master of sriection that there 
'is never a touch which would in the slightest 
degree disturb their quiet harmony and decora- 
tive spacing. [See illustrations paintings by 
Vetasquoz on pages 182 and 728.] 


Muritlo m 4 lUliera. The other name 
that is insoribed in letters of gold on the tablets 
of Spanish art is that of Murillo (a.d. 1617-1662), 
whose pictures have been ^itly called the 
embodied expression of Spanish CathoUcism. 
A charmmj; colourist and accomplished draughts- 
man, he is wholly lacking in inspiration and 
depth of thought. He clothed the holy legends 
in the garments of his period, using me types 
of the people by whom he was daily surround^, 
and thus translated the teaching of the Catholic 
Church into the vulgar tongue. One of his 
most familiar paintings is “The Holy Family” at 
the National Gal- 
lery, London [81] 
But fascinating as 
he is at times, he 
has little to add to 
the history of the 
artistic develop- 
ment of his 
country, or of the 
world at large 
Contemporary with 
Velasquez and 
Murillo was Ribera 
(AD. 1588-1666), 
who, trained by the 
Italian naturalists, 
became in his turn 
the paramount 
influence in the 
school of Naples. 
In spite of all that 
he derived from 
Italian sources, he 
always retained the 
ecstatic passion and 
the sombre shadows 
so characteristic of 
Spain. His favour- 
ite subjects were 
scenes of martyr- 
dom and physical 
pain. 

Goya the 
Satirist. With 
the death of Velas- 
quez and Murillo, 
Spanish art col- 
lapsed as suddenly 
and completely as 
it had arisen under 
their dual star. A 
brief renaissance of the ancient splendour was, 
however, brought about by Goya (a.d. 1746- 
1828), an artist of immense versatility and great 
genius, though frequently hasty mid slovemy in 
oxeoutioa. In his best work he almost rivalled 
Velasquez — fact, he is the one link that con- 
nects this great master with Manet and the later 
nineteenth century. He must be counted among 
the greatest etchem and lithogra{dieis of aU times, 
as Im was one of the greatest satirists; who defied 
Govemmout and Inquisition vdth Ids merciless 
exposure of the vice, ^oranoe* corruption, and 
inunoiality of his peri^ 
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will prepare the student^B idea of oausation for 
the demands which will be made upon it by 
sociology, in which causation is not only con- 
tinuotui but almost appallingly complex^ and 
contingent upon so many factors. There follow 
important chapters upon special preparation 
in biology and psychology — such, it may be 
hoped, as the reader has h^— and then the work 
is brought to a conclusion. 

The Sociological Habit of Mind. Our 
estimate of the book is that which is commonly 
entertained by sociologists in all countries, and 
we earnestly hope that what we have said will 
compel our readers to acquaint themselves with 
it. Having done so they will find themselves 
not only far more interested in sociology than 
they wore before, but also able without effort 
to look at things from the sociological stand- 
point. In short, to read this book is to acquire 
the sociological habit of mind ; nor is there any 
other means by which this may l)e so readily 
or so well acquired. Having read this book 
the student will welcome a brief account of its 
illustrious author — an account which we shall 
try to make consonant with his own conception 
of the value of piTsonalities and of the right 
kind of biography. 

It would be fair to say, perhaps, that the 
modern rational view of history in general 
regards it as a combination of descriptive 
sociology and scientific biography. Thus, to 
choose extremes, the geographical view of 
history and the great-man theory of history 
may take their due places in that comprehensive 
view which will be completely true. 

The author of the doctrine of universal 
evolution was bom in Derby in 1820 and died 
at Brighton in 1903. In his voluminous auto- 
biography he discusses, in scientific fashion, all 
the facts of his ancestors which could throw a 
light upon his own mental characters. It is 
quite plain that he belonged to an exceptional 
stock, the most noteworthy character of which 
was independence of thought. 

Herbert Spencer's Greatest Achieve- 
ment. Spencer, of course, was predestined to 
be a thinker from the first, but it was not until 
he w'as forty that the great work of his life was 
begim. Before that time he had written some 
remarkable essays, including the famous short 
paper in which he upheld the nebular theory 
against all the astronomical authority of the 
time, and the essay called ** The Development 
Hypothesis,” in which, in 1852, seven years 
before the publication of the “ Origin of Species,” 
the young author argued for the truth of the 
doctrine of organic evolution. Reference has 
already been made to the epoch-making “ Prin- 
ciples of Psychology,” which appeared in 1855. 
The great achievement of Spencer's life was, 
of course, the Synthetic Philosophy.* This is 
not merely the only philosophic system that 
any Englishman has given to the world, but — 
which is immeasurably more important — ^it is 
regarded as substantidly true by those com- 
petent critics who are acquainted with it. 

The doctrine of the synthetic philosophy is that 
the principle of evolution — this word having 
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been introduced by Spencer in 1857 — ^is the 
key to the problems of all phenomena. The 
Synthetic Philosophy consists of “First Prin- 
ciples ” (recently published in a cheap edition by 
Williams & Norgate); “Principles of Biology”; 
“ Principles of Psychology ” ; “ Principles of 
Sociolo^ ” ; “ Principles of Ethics.” The aim of 
the entire system was to establish the truths of 
morality upon the “ solid ground of Nature,” and, 
as the author became an old man, he feared that 
he would never reach the “ Principles of Ethics ” 
if he wrote his work in the logical order. He 
therefore passed at once to this final subject, but 
fortunately lived to return to the “ Principles of 
Sociology,” the last volume of which was pub- 
lished in 1 896 — thirty -six years after the inception 
of this magnificent enterprise. 

What We Owe to Spencer's Inspira- 
tion. Spencer is undoubtedly greater as a 
biologist, a psychologist and a moralist than as a 
sociologist. This, however, is not to say that 
his sociological work is not of the utmost im- 
portance. Many of his conclusions, however, 
like those of his predecessors, are invalidated by 
the inadequacy of the facts upon which they 
were based. 

If the history of science proves anything it 
is that there is no royal road to generalisa- 
tions, and sociology was yet too young for 
Spencer and his contemporaries to do the 
work which they attempted. This we must 
rt^cognise, even though we admit that the main 
lines of his conclusions were sound, and, 
pre-eminently, that his method and his con- 
ception of sociology, as dependent upon biology 
and psychology, were true and fruitful. Lastly, 
sociologists must pay him tribute as having 
done far more than anyone else in his time 
to disseminate the idea of sociology, to teach 
thinking people that there is or may be such 
a thing, to arouse tlnur interest, and to inspire 
the labours of thousands. Largely to such 
inspiration do we owe the fact that the socio- 
logical material at the disposal of the student is 
multiplying manifold with every decade and that 
the voice of trained thinkers is beginning to be 
heard even where politicians most do congregate. 

The Sociological Society. During 
the last few months of Spencer's life a few 
ardent students determined to form a Sociological 
Society in this co\mtry. Owing to tibe generosity 
of many persons, and especially of Mr. Martin 
White, whose name is well worthy of honour, 
this project was realised, and on November 
20th, 1903, there was founded, less than three 
weeks before the death of the great philosopher, 
the Sociological Society, which is loginning to 
count for something in English thought and has 
already done much for two great complementary 
studies of the first importance — Eugenics and 
Civics — which we shall afterwards have to 
consider. Some interest attaches to the fact 
that the first president of this society, the 
Rt. Hon. James Bryce, is now a Cabinet Minister. 
One wonders what some Cabinet Ministers of the 
past, such as Palmerston, with his “damned 
professors ” and his ignorant hatred of anythii^ 
like knowledge or learning, or the philosophic 



temper, would have made of a meeting of the 
Sociolomal Society. Mr. Bryce hi» been 
suooeedM Lord Avebury. To the sociologist 
who approaches the science, as we are doing, 
from me more fundamental sciences, especial 
interest attaches to the presence of Lord Avebury 
in the presidential chair of this society. In 
the first place, it is significant that sociology 
(should demand the services of a historian like 
lifr. Bryce on the one hand, and a biologist like 
Lord Avebury on the other. But it is particu- 
larly noteworthy that Lord Avebury symbolises 
the existence of the science which we here 
venture to call Comparative Sociology. To this 
subject we must devote at least a brief study. 

Human and other Societiea. The 
use of the term comparative is well recognised 
in all departments of the sciences that deal 
with living things. Comparative anatomy takes 
a wider view of anatomy than mere human 
anatomy. It deals with the anatomy of all 
animals, with a special eye to discovering the 
comparisons between the body of man and the 
bodies of the lower animals. If the doctrine 
of evolution means anything at all it must 
certainly mean that one cannot truly understand 
human anatomy without studying comparative 
anatomy. The same is, of course, true of 
comparative physiology. We arc just dis- 
covering that it is most conspicuously true of 
pathology and comparative pathology. A whole 
host of the most important diseases, which the 
study of man alone would never have elucidated, 
has already yielded or is rapidly yielding to 
the science which compares disease processes in 
man, monkey, and mouse. Yet, again, the im- 
portance of the comparative method is demon-' 
strated in the case of psychology. Spencer, as 
we have seen elsewhere, was the first compara- 
tive psychologist, the first thinker to abandon 
the false and proud attitude which assumed not 
merely that the psychical characters of the 
lower animals had no relation to, and no bearing 
upon, the mind of man, but even that the minds 
of savages, the minds of children, the minds of 
Orientals, ^e minds of women, needed no 
study and, presumably, had nothing to do 
with the particular mental characters of the 
adult Caucasian man — characters to which all 
psychologists hitherto had been complacent 
enough to attribute the magnificent term Mind. 

Social Instinct in Animals. Nor 
does the comparative method fail us when 
we come to sociology. When we speak of a 
school of whales, a shoal of fishes, a herd of 
deer, when we see the flight of birds across 
the sky, each bird falling into its own place in 
rank or file — ^in all such cases we recognise, 
though we may never have thought about it, 
that the social instinct is not peculiar to man. 
We shall afterwards see that the unit of society — 
or at least of all the higher forms of societies — 
is the family, and wherever there is the family 
there is at least the germ of a society. Now, 
the lower animals ato show the existence of 
the family in many cases. Furthermore, diere 
may be suggested the generalisation, which the 
present wxS^ is prepared to uphold, that the 


form of the family — ^the word being here used 
in its widest sense — will determine the form 
and the fate of the society. Where there is no 
family, as in the case of nearly all the fishes, 
the society can never reach any but the most 
rudimentary form. Where the family is that 
dep^dent upon jpolygamy, a human society — 
for instance — will differ in form and fate from 
that the unit of which is the monogamic family. 
Again, where the family — if family it can bo 
called — ^is so vastly different, as in the case of 
the hive bees, there the resulting society will be 
totally different in form and in potentiality. 

The ** Sub-Human ** Societiee. The 
comparative study of societies, then, or the 
comparative study of the family, must be of 
the greatest interest to the sociologist. And of 
all the sub-human societies which Intercast him 
none can for a moment approach in interest, 
in complexity of organisation, in wonder, in 
strangeness, and in significance, as well as in 
respect of the immeasurable gap which separates 
them from us, the societies o/ the social insects. 

Now, of these Lord Avebury is, us everyone 
knows, not only the greatest living authority, 
but the greatest authority of any time, and thus 
a very especial interest attaches to the official 
connection of the greatest student of sub-human 
society with the society that exists to study 
human society. It is now earnestly to be hoped 
that Lord Avebury may consider the desirability 
of adding a volume of “ Comi>arative Socio- 
logy ” to his already great record of literary 
work. It would be a pity if some student of the 
subject whose knowledge is less profound is com- 
pelled to do this piece of work, which, it seems 
to the present writer, urgently demands doing. 

Sociology and the Univeraitiea. 
Though there are six official teachers of sociolo^ 
in such a place as Chicago, and though Bruss^, 
for instance, has its magnificent Institut Solvay, 
founded by a man of wealth and wisdom, it was 
not until the end of the year 1904 that sociology 
obtained its first recognition in any univer- 
sity in the land of Spencer. The recent recog- 
nition of sociology as an academic subject by 
the University of London — which has hitherto 
been followed by no other university — is due 
to the work of the Sociological Society and the 
generosity of Mr. Martin White. Since that 
first step was taken there has also been removed 
the reproach that there was not a single recog- 
nised teacher of sociology in this country, it 
m true that this mighty and dominating science 
is ^et umepresentra by a Chair in any of our 
mnversities, including even the recent provincial 
universities, from which such great work will 
surely spring, and including even the University 
of London, which is at last bemnning to become 
a reality and not a name. But, at any rate, 
the University of London has instituted a l^tuie- 
ship— one solitaty lectureship — in sociology, 
and has appointed to it one of the very grea&t 
of living thinkers — ^Dr. Westermarck. It is 
significant that the first official teacher of soci- 
ology in this coun^ should be a foreigner. 
Dr. Westennaiok is known throughout the 
oivibsed world as the greatest authority upon 
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marriage — perhaps the only social institution 
that is worthy of the title fundamental. Since 
leaving his native Finland for this country. 
Dr. Westermarck has been at work upon an 
aspect of the evolution of ethics which is entirely 
new, and quite distinct from the wider conception 
of the evolution of ethics, which we owe, of 
course, to the apostle of evolution himself. 

Moral Ideas. In his book on “ The 
Development of Moral Ideas,** Dr. Westermarck 
concerns himself not with the gradual evolu> 
tion of morality from parentage and from 
sympathy, but with the actual history, so far 
as it can be ascertained, of the production and 
growth of moral ideas among the lower races of 
man — many or most of which, of course, when 
judged by true ethics, are immoral ideas ; 
and he is continuing his study of this subject 
up to the higlicst places. The moral ideas with 
which he is concerned arc, of course, quite dis- 
tinct from the true morality, which is grounded 
in love alone, but conforms more to the derivation 
of the word morals, w^hich, of course, means 
merely customs. These ideas, and the customs 
based upon them, have, however, played a 
gigantic part in the history of society, and very 
notably in the history of religions. It is some- 
thing that this great work is being done, though 
not by an Englishman, at any rate by the 
first academic sociologist in this country, and 
on English soil. 

The different standpoints from which sociology 
may be looked at are many and various. It is 
unique amongst the sciences in this respect. 
Every man*s conception of sociology differs fi’om 
his neighbours conception. The ecclesiastic, 
the psychologist, the physician,, the biologist, 
the social reformer, the moralist, and the de- 
tached student of the sciences in general — all 
these have their own points of view. Again, 
a man and a woman cannot possibly look upon 
sociology with the same eyes. Here, however, we 
have no space in which to discuss the relations 
of sociology to the social sciences,** or, indeed, 
what may be called the philosophy of sociology. 

There are two leading considerations, however, 
which it is impossible to omit from our intro- 
duction to the subject. In the first place, 
we must refer briefly to the relations of sociology 
to the sciences that are beneath it, and then we 
must eonsider its relations to the one supreme 
science which is above and beyond it. 

The Foundation of the Sciences. 
There is an aspect of sociology on which it is 
well that we should insist. The science has 
often been described as the crown of all 
the other sciences, and so, of course, it is. One 
readily understands how a complete sociology 
would include within its substance the whole 
tissue of, say, ph3rsics, biology and politics alike ; 
but, on the other hand, the present writer is 
coming more and more to be impressed by the 
si^ificance of another view of sociology — that 
which regards it as not so much the crown 
as the foundation of the sciences. Instances 
may easily be adduced. For some years the 
writer has thought, written, and spoken about 


infant mortality as if it were a medical problem. 
He has sought to eliminate heredity from its 
causation in any marked degree, and to attribute 
it to bad feeding and the like. It is only after 
reading Dr. Newman’s recent book on the sub- 
ject, which he describes as a social problem, that 
the present writer has realised how partial his 
analysis of the matter has been. It now seems 
'Self-evident to him that this is not a medical 
problem, but a social problem. 

DrinK is Society's Problem. Or, again, 
take the question of alcohol. In this case, as in 
the last, the medical sciences have done their 
work. The alcohol question was once, perhaps, 
a medical problem ; it is so no longer. On the 
contrary, medicine can hand it over to sociology, 
and say : “ This is your affair ; what are you 
going to do about it ? ** Or, yet again, take the 
question of the provision of meals for school- 
childi’cn. Hero, again, the medical problem is 
easy, soluble, and solved. The medical man knows 
how minute are the sums on which a child may 
be adequately fed. He knows how constantly 
thes(‘ and larger sums are spent on that which is 
not bread. 

The working-class family in this country spends 
on the average one-sixth of its total income on 
alcohol, as Messrs. Rowntree and 8 herwoll have 
proved. The problem of the physical state of 
these school-children is not to-day one for phy- 
siology or medicine, and is not to bo solved once 
and for all either by medical inspection or by the 
most scrupulous obedience to the science of 
dietetics in the provision of school meals. In 
reality it is a question for the sociologist, and its 
solution will depend, the present writer believes, 
upon the answer which is returned to the 
question : “ What is the unit of society — the 
family or the school ? *’ 

** The Causes of the Causes." These 
instances are typical. It is evident that the 
subordinate sciences, such as medicine and 
biology, have their place. It might also be 
proved readily enough that these sciences must 
be incorporate in a perfect sociology ; but it is 
also evident that these sciences alone are im- 
potent to cope with the questions which at one 
stage have to be referred to them. Faced, 
for instance, with “ physical deterioration,** 
they are able to analyse it, define it, and indicate 
its “ causes ** ; but — and this is the essential 
thing — the causes are only proximate causes. 
We who believe that the imiverse is a universe 
know that causation is universal and eternal, 
and that of any causes of an3rthing the philo- 
sopher must ask : “ What are the causes of 
these causes ? ’* For years the writer has 
contented himself with assert* ng and animad- 
verting upon the merely proximate and medical 
causes of infant mortality. He thought that 
one had merely to make these causes generally 
known to abolish the evil. Now, however. 
Dr. Newman has taught him, what he should not 
have needed to be taught, that these causes, 
though valid and essential, are only links in a 
chain which is endlesc, but the most essential 
links of which are not medical, but social. 
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A HEARTH, forge, or furnace is a structure in 
^ which ores and metals are submitted to high 
temperatures. A furnace is usually constructed 
of refractor} material on the inside, and of iron 
or ordinary brick on the outside. P\irnaco8 may 
be divided into three classes : (1) those without 
an independent fireplace, such as a blast furnace 
and a hearth ; (2) those with an independent 
fireplace, such as a reverberatory furnace ; (3) 
those in which the material is separated both 
from the fuel and from the products of combus- 
tion, such as a zinc retort. They may bo used 
with a natural draught, the r.ir being aspirated 
by means of a chimney, or the air may be forced 
in by moans of a blowing apparatus. In both 
cases the heat developed depends on the calorific 
power and weight of fuel burnt in a given time ; 
also on the mode of combustion, for if the com- 
bustion be complete, the whole of the heat may 
be utilised. 

Heartha. A hearth is a low furnace in which 
the material to be (merated upon is mixed with 
the fuel and flux. The heaps, stalls, and certain 
kilns for roasting ores are included under this 
title, as the fuel and ore are mixed, and the 
action is the same. The smith’s hearth is a 
familiar example of this type. 

Shaft Furnaces. A shaft furnace, 
commonly called a blast furnace, is a structure 
with the long axis vertical, and contains one 
common receptacle for the materials employed. 
Certain of them, as the kilns in which limestone 
or ore is calcined, are worked by a natural 
current of air, the furnace forming a large 
chimney. The forms of blast furnaces are very 
varied, according to the nature of the ore and 
fuel used. They may be egg-shaped, cylindrical, 
or conical. In roasting iron ores, for example, 
whore a large mass of material has to be ex- 
peditiously treated and where only a moderate 
temperature is needed, the diameter is greater 
in proportion to the height than in furnaces 
useddor the reduction of ores, in which case the 
height may be from three to five times the 
diameter, because it is necessary to have a high 
temperature in the region where the fuel is 
largely consumed, and the more fuel there is 
burnt in a given space in a given time, the 
higher will be the temperature. The fuel 
employed may be coal, coke or charcoal, because 
oxides or materials which have been oxidised 
by roasting are generally treated in this furnace. 

In the case of raw coal, it is decomposed in 
the upper portions of the furnace, sc that by 
the time it reaches the zone of combustion it 
is in the form of coke. 

Shaft furnaces for reducing ores are supplied 
with a forced blast, and may be theoretically 


divided into three parts: (1) the upper portion, 
where the ore is partly reduced without melting, 
the volatile matter is exiielliKi, and raw coal 
is converted into coke ; (2) the middle portion, 
which may be considered neutral, because the 
carbon aioxide formed by the reduction of 
metallic oxides in the lower part of the furnace 
neutralises the reducing gases; (3) the lower 
portion, where the temperature is very high and 
the atmosphere completely reducing. In the 
last, flux and earthy matters unite to form 
a fusible slag ; the metal is liquefied and falls 
to the bottom of the furnace, the slag floating 
on the top. Pig. 26 is an 

H T T example of a blast furnace 
used for load smelting. It 
is formed of two inde- 
pendent parts — the6odi/or 
stark, which is supported 
on iron pillars, and the 
hearth or crucible, which is 
surrounded by a double 
iron casing, through which 
water is made to flow in 
order to keep it cool. The 
blast is supplied through 
six or eight twyers. The 
throat is clos(‘d, except 
while charging, by a 
cylinder, and the waste 
gases are carried off by a 
side pipe. 

26. BLAST FCTBNAOB Reverberato^ Fuf- 

FOB LEAP SMELTINO facet, A reyerboratorv 
furnace is distinguished 
from the former typos in being arranged with the 
long axis horizontal, and in having an indepen- 
dent receptacle for the fuel. The fireplace is 
separated from the bod, or laboratory, as it* has 
bt'en conveniently called, by a fire-bridge, which 
is simply a wall of refractory brick, usually 
furnished with an air channel to keep it cool, 
and sometimes provided with orifices which 
admit air into the furnace. At the chimney 
end there is generally another bridge, termed 
the flue bridge. The chimney is connected 
with the laboratory W a flue of varying length, 
and more or less horizontal. The chimney 
serves the double purpose of producing the 
draught and of carrying off the waste gases. The 
roof generally slopes downwards from the 
fireplace to the chimney, so that the flame may 
be reverberated on to the material on the bed. 
The size of a reverberatory furnace is determined 
hy the kind of material to be operated upon, 
l^en ores are simply roasted, the length may 
be many times that of the fireplace, but when 
a high local temperature is d^red, as in the 
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case of puddling iron, the bed is not more than 
two to three times the area of the hroplace. 




27. RBVKRBERATORY FURNACE FOR REFINING 
COPPER 

Fig. 27 IS an illustration of a reverberatory fur- 
nace used for refining copper. 

Types of Reverberatory Furnaces. 
In cases whore the temperature need not be 
very high, as in the calcination of ores, the bed 
is built of common firebricks ; but in copper- 
smelting furnaces the bod is formed of two feet 
of sand rammed in tightly, and in puddling iron 
the bed is coated with a thick layer of oxide of 
iron and iron slag rich in oxide of iron. Tlie 
most important reverberatory furnace in which 
gaseous fuel is used is the regenerative open- 
hearth furnace of Siemens. The great advantage 
of this type of furnace is that a reducing, 
neutral, or oxidising atmosphere may be obtained 
at will by regulating tht* supply of air. 

The Bruckner Caloiner 1 28] is a special type of 
reverbetraory furnace used for roasting silver 
and copper 
ores. It con- 
sists of an 
iron revolv- 
ing cylinder, 
lined with 
fire br i ck , 
about 8 ft. in 
diameter and 
15 to 20 ft. 
long. At one 
end is the fireplace and at the other end is a dust 
chamber connected with the flue and chimney. 
The cylinder rests on friction rollers and is 
rotated by gearing placed on the exterior. 

Closed Vessel Furnaces. In this 
class of furnace the material to be heated is 
separated from the fuel by an enveloj^, in the 
form of a closed vessel. The vessel is heated 
by lK‘ing in contact with the fuel or with the 
flame developed by the combustion of fuel. 
The form of the vessel is determined by the 
work to be done. Thus, for simple heating, 
the muffle is employed, while for fusion, crucibles 
are used. For distillation and sublimation a 
retort is used. The ordinary brassfounders’ 
furnace may be taken as a type of crucible 
furnaces, and the zinc retort as a type of retort 
furnaces. Fig. 29 is a section of a Belgo-Silesian 
zinc furnace. Two retorts (A, B) are shown 
one above the other ; in these the zinc ore and 
carbon are placed, and the flame playing round 
them produces the necessary heat for the reduc- 
tion of the ore. The vaporised zinc is con- 
densed in the receivers, C, placed in front and 
attached to the retorts. 

Production of Draught. Natural 
draught is produced by means of a chimney, 
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which may be regarded as a vertical pipe con- 
taining heated and expanded gaseous products 
of combustion. The column of air in the 
chimney is lighter than the air of the same height 
at the ordinary temperature. Hence, there is 
an upward movement owing to the difference 
of weight, and as the air has to pass through the 
furnace, the draught will depend on the tem- 
perature of the fire in the fireplace, because the 
higher the temperature the more rapidly will 
the gases pass through the chimney, and a 
greater weight of air will be required to replace 
these gases per seeond. 

Forced draught in small hearths is produced 
by bellows, but for smelting furnaces, blowing 
cylinders are generally used. In the simple 
melting of metals and in some small blast 
furnaces a rotatory fan or blower is largely 
used. 

Hot Air. When hot air instead of cold 
air is supplied to a furnace the temperature of 
combustion is considerably increased, and as 
the waste heat of a furnace may be utilised in 
heating the air a great economy is effected by 
its use. A description of arrangements for 
heating the blast of air supplied to blast furnaces 
is given in the course on Iron Manufacture. 

Copper. ‘ The metal copper has been known 
from the earliest times, because it is found in 
the earth in the metallic state, and its oxides 
arc easily reduced. It has a red colour and 
brilliant lustre ; it is highly malleable and duc- 
tile, so that it can be rolled into thin sheets and 
drawn into fine wire. At temperatures near its 
melting point it is brittle, and may be readily 
powderea. The tenacity of cast copper is about 
8 ’6 tons per sq. in It m^^lts at a temperature of 
1,080° r., and is not sensibly volatile. Its specific 
gravity is 8*82. The fractured surface of pure 
copper is of a fine salmon-red colour and finely 
granular, but after hammering it exhibits a 
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somewhat fibrous fracture, with a silky lustre. 
The conductivity of copper is very high, but is 
considerably reduced by small quantities of 
certain impurities. Of the impurities likely to 
be present, bismuth is the most injurious ; anti- 
mony, arsenic, iron, tin, pbosphprus, and 
manganese, also largely interfere with this 
property. 
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Chopper is unacted on in air at ordinary 
ten^MratureB, but rapidly oxidSseB at a red heat. 
In moist air it acquires a coating of carbonate. 
It iorms with oxygen both cuprous and cupric 
oxides. 

Native Copper. The ores of copper are: 
Native copper, of vaiying degrees of purity; 
cuprite or red oxide (CugO) ; black oxide (CuO) ; 
copper glance (Cu^); copper pyrites (OuaS 
FcjOs)* copper ore is a mixture of the 

sulphides of copper, arsenic, antimony, and iron. 
Blue and green carbonates, known as malachite 
and azurvte^ M*e composed of OuCO^ and CuH 20 ^ 
For smelting purposes, copper ores may be 
classihod as oxides and sulphides. The most 
abundant and poorest ore of copper is pyrites, 
since the iron and copper occur in almost all pro< 
portions from a trace of ooppei* up to 56 per cent., 
as in peacock ore. Copper is extracted by both 
diy and wet methods. The diy method is 
further classlBed into reverberatory and btaet 
fumaoe processes, although the main principle 
is the same in each case. 

Copper Extraction Ihc Welsh or rever- 
beratory method was formerly conducted in 
six or eight stages, according to tht^ richnesH 
of the ore, which is chiefly pyrites. The process 
consists ol alternate roastings and meltings m 
order to oxidise the impurities and pass them 
mto the slag, while the copper is concentrated 
as a regulus or sulphide. When this con- 
centration is oonstdei^ sufficient, the copper 
sulphide is partially roaated, so as to form a 
mixture of oxide and sulphide. Then these are 
allowed to react on each other at a higher tem- 
perature, and liberate the copper in an approxi- 
mately pure condition. This reduced copper is 
refined in a special reverberatory furnace [27]. 
The cakes of copper are gradually melted, during 
which oxides are formed, including the im- 
purities. These oxides unite with silica (sand), 
and form a rich slag. The metallic copper is 
covered wath anthracite and a pole of wood is 
inserted. The carbon and gases from the wood 
reduce the oxides of cemper, and bring tlie iq\- 
purities to the surface. lAhe podiag is insufficient, 
the copper is dry in appemnoe and brittle. 
When the right degree ot polk^; is attained, the 
copper is said to be at tough pitch.*' If the 
poling is carried too far, the oxides of the impari- 
ties are also reduced and pass into the cem^er, 
making it brittle. Another method of remiiig 
copper, largely practised in America, is 
means of ^cStrolysis. It is cast into slabs, placed 
in a copper sulphate solution, and a current of 
ciectricitT paoBM through until the copper is 
deposited. Bttch copper is remarkal^ pure. 

C0f>pnr Ikeduction* In the blast fumaoe 
jMiothndfi, the roasting is often done in heaps 


or kilns, but the more modem plan is to 
use large revolvi^ oyibiders or large fixed 
chambers, in which the charge of ore, or 
regulus, is automatically stirred and carried for- 
ward by mechanical arrangements. The blast 
furnace for copper extraction is generally built 
of iron, tapering slightly, so that the top is 
wider them the bottom. The iron casing is 
double, with a space between, so that water can 
circulate througli in order to keep down the 
temperature. The regulus oollects in a special 
reeoptaele called a fore-hearth, and is withorawn 
when d(*sired. liriek furnaces are also extensively 
used. The regulus, or matte, is again roasted, so 
as to form oxide, and the oxide is reduced by 
carbon in a second blast furnace treatment. 
The refining is the same as in the Welsh method. 
The blast furnace process differs, therefore, from 
the reverberatory process in that the oxide is 
finally reduced by carbon, and not by reaction 
between oxide aM sulphide. 

The Bessemer converter is now largely used 
for obtaining copper from regulus (sulphide). 
The blast of air oxidises the sulphur, forming 
sulphur dioxide gas, which escapes, and partially 
oxHlises the regulus. The oxide and sulphide then 
react on each other, producing metallic copper, as 
in the Welsh method. The wet process of copper 
reaction depends upon the principle that a stil- 
vent first dissolves the ore, which passes into 
solution, and the copper is tlien preeipitatod 
by means of iron. The precipitate* is finally 
refined. 

Electrol^lc Copper. The a])plication 
of electrolyBis to the refining of crude copper, 
rc'forred to above*, has greatly inerc*ased of 
late years. If a current of electricity pass 
between two copper plates immersed in a solu- 
tion of sulphate of copper, the anode rapidly 
dissolves, while an equivalent woiglit of copper 
IS deposited on the cathode. If, then, an impure 
plate of copper be used as an anode, the copper 
will be dissolved, and with it some of the im- 
purities, but so long as there is a good excess of 
copper present, and the right strength of current 
IS employed, the copper alone will be deposited. 
Bismuth, tin, antimony, and arsenic remain in 
part insoluble ; platinum, gold, and silver are left 
on the anode as a sHmy deposit. The crude 
copper is cast into slabs, imich are suspended one 
behmd the other in lead-lined vats, all of them 
being oonneoted with the positive pole of the 
pneratr^ dynamo. Alternately with them are 
hung thin sheets of pure copper, which are con- 
nected with the negative pole and on which the 
pare copper is deposited. 

The varieties of commercial copper are : Oement 
oopper, Japan copper, cake ana ingot copper, 
bean short and feat^r^ shot copper, electrolytic 
copper, and best selected oopper. 
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substance has a well recognised formula, and may 
be regarded as methane, the hydrogen atoms of 
which have been rej^ced by ethyl groups and 
methyl groups, togeuier with an oxide of sulphur. 
For some time sulphonal ranked as one of the 
best of all hypnotics for certain purposes. It 
was very widely used, and sometimes unfor- 
tunately abused. Then it was found that a 
modification might be made in sulphonal by the 
insertion of three ethyl groups instead of two in 
the molecule ; or four ethyl groups might be in- 
serted. The substances thus formed are known 
as trional &nd tetronal respectively. Of these the 
first, trional, is in every respect without exception 
markedly superior to sulpnonal. If trional had 
been discovered first and sulphonal later, no 
one would dream of employing sulphonal to-day. 
In course of time tlio diethyl compound will be 
entirely superseded by the triethyl compound. 
The tetraethyl compound, tHroncd, is dangerous, 
and should not be used. 

And now it appears that, directly in conse- 
quence of a research initiated by Fischer, trional 
itself will have to be superseded and replaced by 
a new synthetic product called veronal, which, for 
a very large number of cases, may be looked 
upon as, at any rate, all but the ideal hypnotic. 
This last drug is, so to speak, an instance of the 
survival of the fittest. During the last ten years 
the number of possible hypnotics of synthetic 
origin must have reached scores. As each new 
one comes out its effects have to be tried, 
and it is only now and again that one is 
found capable of replacing the drugs already 
known. 

What the Chemists are Learning. 

Both in this case, however, and in the case of 
the production of artificial scents, colours, and 
other products, the purely experimental method 
is yielding to something of a higher scientific 
order. At one time the chemist worked almost 
in the dark ; he ber-jm with some suitable sub- 
stance, such as benzefftj, perhaps, and then tried 
to fit various atoms or combinations of atoms on 
to it in the hope that something would turn 
up.” Now, however, this purely empirical 
method is being superseded. Chemists arc 
learning, as we have seen, not merely that there 
is a necessary relation between molecular con- 
stitution and physical action, but also what the 
exact relation is in a number of cases, and so 
now the work can be done more methodically. 
Time need not be wasted by the mere manu- 
facture of one compound after another — ^its 
novelty being the first consideration, but the 
chemist can work in definite directions, keeping 
firm hold, so to speak, of molecules or radicles 
which he knows to be valuable, and aiming only 
at the production of new molecules in which 
those properties will be retained. 

So much by way of illustration ; but we try to 
number ourselves, readers and writer, among 
those who, as Spencer puts it, search for the 
wider meanings of facts,” and we cannot leave 
this subject without reference to what we may call 
the philosophy of it. If we venture to employ 
such a during term as creative chemistry, or to 
speak, as has elsewhere been done, of *‘the 


chemist as creator,” we must inquire into the 
meaning of that term. 

Nature ia Commanded by being 
Obeyed. In a great epigram which we have 
quoted more than once, Bacon has summed up 
all the facts of the case and more. Nature 
is to be commanded only by obeying her.” 
Now, words like creative and creator may 
legitimately be applied to man in many of 
his acts. A great musical composition — such 
as, let us say, the third or fifth or seventh 
symphonies of Beethoven, or even a simple 
folk-song, may properly bo called a human 
creation ; so, also, is a chair, a house, or a foot- 
ball ; BO, also, is “ Paradise Lost.” Man may 
be looked upon as the creating animal. 

Now what does the word mean ? We who 
are students of science clearly recognise what 
the word does not mean. First, the chemist 
or the poet does not make something out of 
nothing, and, in the second place, whatever 
ho makes, does, or creates, ho remains the 
servant of Nature, to use Bacon^s phrase, as 
well as lier commander. The greatest genius 
cannot modify by a hair’s breadth the smallest 
of Nature's laws. Not in this sense can Nature 
be commanded, and not in this sense can man 
create ; but if man choses to observe Nature’s 
laws, to obey Nature, then he can command her 
in this limited sense. Thus the synthetic 
chemist will fail, and continue to fail, if he 
tries to make compounds in defiance of Nature’s 
laws. If it be a fact of Nature that carbon 
and oxygen have an affinity for each other, 
there will never be any making of a compound 
which depend for its existence upon an antag- 
onism between those two elements. If, on the 
other hand, the chemist will accept Nature’s 
laws, then his intelligence is capable of directing 
them to his own purpose, and so producing now 
compounds which Nature luTself would not have 
made, but which yet are made in obedience to her. 
This saying of Bacon’s is one of the profoundest 
that ever emerged from a mighty mind. 

Natural Law and Creative Works. 
Or turn from chemistry to poetry, or music, or 
art in general. There are artists in all ages and in 
all kinds of art who have never had a glimmering 
of the truth which Bacon stated. They think 
that they can create works of art without any 
reference to Nature. They think that they can 
use pigments, or sounds, or human emotions-- 
which are all natural products — and create woi ks 
of art therefrom without any reference to the 
laws of chemistry, the laws of vision, the laws of 
ac^oustics, or the laws of psy(;hology. Contem- 
porary musicians might be named, and poets 
and painters, who think that because they did 
not defy Nature, Beethoven and Wordsworth 
and Velasquez were not great men and were not 
creators. But these mighty geniuses did not 
set up their puny wills against the laws of the 
Universe; they obeyed Nature; they obeyed 
her so well, and loved her so well — ^Wordsworth 
says that Nature never did betray the heart 
that loved her” — that she allow^ them to 
command her, and so they produced works of 
creative art which can never die. 
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The same is striotly true of every kind of 
Boientific invention and creation, as well as of 
the creations of synthetic chemistry. All the 
men, without one solitary exception, who have 
commanded Nature in the past — the man who 
made the wheel ; the man who built the Forth 
Bridge ; the creator of the steam engine ; Pasteur, 
the conqueror of disease; Galileo, the inventor 
of the telescope ; or Perkin, the creator of the 
coal-tar dyes — ^have commanded Nature by 
obeying her. Only in virtue of their obedience 
are they creators. The countless men who have 
failed and are forgotten, or are remembered with 
scorn or pity, alike in science and in art, are those 
who either were unconscious of the existence of 
Nature’s laws, and so fought against them 
unknowingly, or those who thought that they 
themselves were superior to the mighty universe 
of which they formed a part, and so fell ; for 
Nature never forgives and never forgets. She 
accepts no excuses, she makes no exceptions, 
and the mother of all wits has never yet been 
outwitted. 

Chemistry and the Imitation of 
Nature. And now lei • us consider the 
second of the great directions in which syn- 
thetic chemistry is advancing. The writ^er 
is endeavouring to invent easily memorable 
names which will aid the reader, and perhaps 
the term imiUAivt chemiatrif will form a useful 
contrast to cracUive chemistry. The very bast 
that the most brilliant chemist can accomplish 
is very little compared with the achievements 
of the living cell, which is the supreme chemist. 
An insignincant red cell, one of five millions 
that are to be found in t-wo pins’ head 4 space 
of the blood of Professor Berthelot-, or Professor 
Fischer, is capable of making the compound 
hsDmoglobin which those two great creators, 
aided by all the other chemists in the world, 
could not begin to imitate. Nevertheless, the 
chemical synthesis of vital products is making 
rapid advance, as we have already seen, and 
it is by no means inconceivable that even 
hiomoglobin, which is believed to be the most 
complex chemical substance known, and to 
contain more than a thousand atoms in its 
molecule, may some day be manufactured on 
the laboratory table at perhaps a thousand 
times the difficulty and expense with which it 
is manufactured m the blood of the boy who 
dusts that table in the morning. 

The Lrimit to ImltatlTe Chemistry. 
As in the last case, any detailed discussion of 
the accomplishments of this imitative chemis- 
try is out of the question. Tnere is no need to 
refer the reader a^ain to Professor Meldola’s 
recent book on this subject, but we must ask 
him to turn back to the quotations from that 
book which have already been made and to our 
comments thereon. 

For it has clearly to be recognised that 
imitative chemistry, as at present practised, 
is imitative only m so far as the results are 
concerned. The chemist can imitate alcohol 
and vaiious carbohydrates, for instance, and 
his products are identical in many cases with 
tliose of the plant. But the chemist does not 
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imitate the processes of the plant. His methods 
are the same as those employed in ** creative 
chemistry.” Now the many successes of imi- 
tative chemistiy must not blind us to the 
fact that, despite them, this imitative chemis- 
try is not the real thing. While Nature’s 
results ore obtained, her processes are ignored. 
Hence we may be certain that there must be a 
limit to the artificial synthesis of the vital pro- 
ducts, and that limit may soon be reached. 

Chemistry Muat go ** Back to 
Nature.’* demists may find that they can 
go a long way in the manufacture of a large 
number of compounds which are produced by 
living cells for their own purposes. But it is very 
likely that the imitation of the most essential 
compounds found in living matter, the com- 
pounds which most truly express and perhaps 
condition its life, may be found impoisible so 
long as chemists continue to employ processes 
which are not, of course, properly speaking, 
unnatural, since the laws of chemistry are always 
ob''>erved in making them, but which, at any 
rate, are not the processes which Nature chooies 
to employ. 

It seems probable, then, that if this branch of 
chemistry is to achieve its utmost it must go 
“back to Nature,” and attempt to imitate the 
processes which she prefers, though they are 
evidently not the only processes she permits, 
for the making of these compounds. It might 
then be found — in fact, nothing else could bo 
found— that the adoption of the processes 
employed by the living cell would enable imita- 
tive chemistry to do iHl that the living cell can 
do. But there is a great difficulty in our way. 

What we are asking chemists to do is to 
imitate the unknown. No chemist in his senses 
would dream of employing high temperature.^ 
and powerful reagents for the manufacture of 
these compounds if he were able to employ the 
cell’s own processes. He uses his own methods 
merely because he cannot<lraitate methods which 
he docs not understand. Indeed, the supreme 
problem of chemistry at this hour is the under- 
standing of the chemistry of life, and to this 
topic we must soon turn. 

Can We Make Radium ? But before 
we pass to this difficult and fascinating sub- 
ject, allusion must be made to a new kind of 
synthetic chemistry, of which chemists are be- 
ginning, just in these last few months, to per- 
ceive the possibility. It need hardly be said 
that it is radium which has opened out this 
now prospect. 

The synthetic chemist^ of which we have 
been speaking is the synthesis of compounds, 
and, of course, anything which is the product of 
synthesis, or putting together, must necessarily 
be a compound. Offiy a few years ago, to speak 
of the synthesis of the elements would have been 
considered as foolish and meaningless as to 
speak of their analysis. The essential idea of 
an element was of a something which could 
neither be put together nor taken to pieces. 
But we now believe that the atom of any efeinent 
is not really atomic or indivisible. It h^ been 
conclusively demonstmted that the atom of 
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radium, for instance, is capable of analysing 
itself, 80 to speak, into smaller parts, among 
'which in all probability five atoms of helium 
may be numbered. It seems to be impossible 
to control the analysis of the elements, but it 
is certainly possible to observe it. 

Now, this necessarily suggests to the mind 
the possibility of the converse process. If 
radium be capable of analysis, may it not be 
possible to build it up by synthesis of its parts ? 
This conceivable synthesis of the heavier ele- 
ments is the new possibility which, like its prede- 
cessors, is certainly worthy of the name B 3 mthetic 
chemistry — far more worthy, indeed. 

The Genesis of Radium. These words 
are fortunately written just late enough for 
reference to an extremely important controversy 
on this point, which was started by Lord 
Kelvin in a letter sent to the ‘‘Times” in 
August, 1906, and which called forth the most 
recent views of such distinguished workers in 
radio-acthrity as Sir Oliver Lodge, Mr. Frederick 
Soddy, and" the Hon. R. J. Strutt. If the 
reader will recall what was said when we were 
discussing radium, or will turn back to those 
sections of our course, ho will be able rightly to 
value the remarkable suggestion made by Lord 
Kelvin in his third and last letter. 

Lord Kelvin accepts the statement that the 
life of the radium atom is finite (perhaps 1,800 
years, which is Professor Rutherford’s latest 
estimate), and yet ho is inclined to question the 
belief of workers at the subject, that radium is 
an evolutionary product of uranium. Mr. Strutt, 
therefore, asked him what theory he held as to 
the origin of the radium now existing on the 
earth. No one would suggest that this radium 
was made by “ special creation ” 1,800 years ago, 
and if it is not derived from the uranium, with 
which it is always associated, whence comes it ? 
In reply to this. Lord Kelvin suggests that the 
radium atom may be formed by a “ concourse of 
atoms ” crushed together, so to speak, in the 
course of the condensation of the nebula from 
which the solar system and all the parts theivof 
are formed. 

Did the World Begin as One Huge 
Atom 7 In other words. Lord Kelvin sug- 
gests that the large compound atoms, as we know 
them, may have been formed by a process of 
natural synthesis, and this is a suggestion 
worthy of the most careful thought. The 
reader will remember that hitherto opinion has 
been inclined — accepting the view that large 
atoms, such as those of uranium and radium, 
break down into smaller ones — to suppose, as 
Professor J. J. Thomson puts it, that the known 
universe must have begun as one huge atom, 
of which all contemporary atoms are disinte- 
grated parts. 

The idea suggested by Lord Kelvin is that the 
process of atomic evolution has two phases, and 
may be, indeed, a balanced process. Without 
making any assertions as to Lord Kel vin’s beliefs 
(which, it must be confessed, are somewhat 
difficult to define), we may, at any rate, realise 
the possibility that atomic synthesis as well as 
atomic analysis— -building up as well as brealdng 


down — ^is occurring at the present time. The idea 
that the whole history of the universe is a con- 
tinuous process of the analysis and disintegration 
of one mighty atom is bieset with a thousand 
difficulties, and yet wo have seen that it has 
been suggested as the apparent inference from the 
facts of the natural analysis or breaking down of 
large atoms, which have lately been discovered. 

Breaking Down and Building Up 
Atoms. It seems to the present writer that 
these difficulties disappear if we conceive that 
both processes may be in operation according 
to the conditions. On the one hand, there may 
be breaking down of large atoms into more 
numerous and smaller ones ; but, on the other 
hand, there may bo a reciprocal process of natural 
synthesis, or “ concourse of atoms,” to use Lord 
Kelvin’s phrase, whereby numerous small atoms 
are merged into one another so as to form larger 
and more complex ones, such as the atom of 
radium. Indeed, to the present writer it seems 
that there is no warrant for the assumption that 
the atom of radium must either bo formed by 
analysis of the larger atom of uranium, or else 
must have been formed by synthesis of, probably, 
one atom of lead and five atoms ot helium. 
Lord Kelvin staled : ” Radium (atomic weight, 
226) may be a compound of five atoms of h(‘lium 
(atomic weight, 4x6) and one atom of leail 
(atomic weight, 205).” Why should we be ask(*d 
to take one of these views as true and reject the 
other as false ? There is nothing contrary to what 
is known in the belief that both views may be 
true. In the case of such a compound as carbonic 
acid we know perfectly well that it may be forrmnl, 
on the one hand, by the decomposition or analysis 
of a carbonate, or, on the other hand, by synthesis 
of carbon and oxygen directly. Similarly, then» 
is no reason why, under appropriate conditions, 
that complex compound which we call the atom 
of radium should not bo formc^d by analysis of th(^ 
still more complex compound called the atom 
of uranium ; or why, under other conditions, it 
should not be formcjd by concourse or combina- 
tion of atoms of lead and helium —which may, 
perhaps, be a synthesis as natural as the synthesis 
of oxygon and carbon to form carbonic acid. 

An Artificial Concourse of Atoms. 
Though Lord Kelvin would seem to be the first 
to have suggested the natural synthesis of the 
elements, a year or two has now passed since 
Sir William Ramsay recognised the possibility of 
the artificial s 3 nithesis of heavier atoms by means 
of lighter ones. We already know that the 
transmutation of the elements under certain 
conditions is a fact, but the only transmutations 
we know are those of larger atoms into smaller 
ones, incredible quantities of energy being 
meanwhile evolved. We know no instance as yet 
of the new synthetic chemistry which would 
consist of the making of large atoms from small 
ones. There is a fundamental distinction between 
the two processes. In the former, energy is 
evolved ; in the latter, which as yet we can 
only imagine, energy — and in enormous quanti- 
ties — womd have to be supplied. 

Now, it looks as if the supplying of energy for 
the purpose of this “concourse of atoms,” or 
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atomic synthesis, whether natural, as Lord 
Kelvin supposes, or artificial, as Sir William 
Ramsay expects to achieve, must involve an 
infraction of that law of the dissipation of energy 
and its loss of availability, which Lord Kelvin 
himself first discovered, and which has been dis- 
cussed in the course on Physios. 

We cannot here expect, however, to anticipate 
all the discoveries and solutions of the future, 
and so we must now leave imperfect — ^like all 
other human knowledge — the study of sjmthetic 
chemistry in its various forms. 

The Chem*stry of Living Things. 
Two great subjects remain for brief treatment 
ore we conclude this course. Of these, the first 
is the chemistry of life and living processes. 
Incidental reference has often been made to vital 
chemistry in preceding pages, but here it will be 
well to state the main facts in a systematic way, 
and, first of all, as to what constitutes the 
peculiar character of vital chemistry. 

The first proposition which must here be 
repeated is that all the known laws of general 
chemistry are strictly and rigidly observed by 
living matter. No form of living matter that 
we know is capable of annihilating or creating 
an atom out of nothing, or of destroying or 
creating oneigy. Tlie law of the conservation 
of matter, with the rec^ervation involved by 
the stud\ of radio-activity — is ob'^erv(*d in the 
chemical processes of living creaturei», and so 
also is the law of the conservation of energy. 
Secondly, no clement is found in living matter 
that is not found elsewhere. Thirdly, the 
elements found in living matter are in every 
respect identical with other specimens of the 
same elements ocouning elsewhere. Fourthly, 
no procc8s<*B arf* known to occur in living 
matter (hat cannot be imitated more or less 
successfully outside it. This is true even of 
the remarkable process called fermentation, which 
is very extensively employed by living matter 
for its own pur]ioscR. 

Having insisted on the ultimate identity of 
the laws that govern all chemistry, including the 
chemistry of life, let us now state the general facts 
which the world of life displays to the chemist. 

The Wonderful Cycle of Life. For a 
very long time the vegetable and animal king- 
doms have been regarded as forming the two 
divergent limbs of the great V of life — both 
kingdoms having their origin, it was supposed, 
in some primitive organisms that wore neither 
animal nor vegetable. This conception, however, 
which involves much confusion from the chemical 
point of view', must be modified not only for 
that reason but for other positive and final 
reasons which it is not our business to discuss 
in this course. On the contrary, we may be 
assured that the first living things were essen- 
tially vegetable and that the animal world is an 
offshoot from the vegetable world. If we 
clearly retain this idea, we shall be ready to 
understand the next paragraph. 

In considering the chemist^ of living things 
wo must plainly begin with the plant, which is 
not only tho ancestor of the animal, but is also 
the necessary source of its food ; for, even if wo 
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are not vegetarians, what is the ox but trans- 
formed grass ? 

Let us consider, then, the typical plant. 
It displays in its vital functions that transfonna- 
tion of energy with which the student of physics 
is always familiar ; but we have already stated 
that the plant, though a living thing, offers no 
exception to the law of the conservation of 
energy. Whence, then, is the energy which the 
plant transforms ? 

Transformed Sunlight. The sun is the 

source of the energies displayed by all living 
things, whether animal or vegetable. The 
motion of the eyelid which intermittently 
cleanses your eye-ball with a tear as you read is 
transformed sunlight. Now, let us see how 
this works out. 

The energy which constitutes sunlight — 
including many rays which are invisible to our 
eyes — is focussed, so to speak, by the chlorophyll 
of the plant leaf. In virtue of this influx of 
energy, the living protoplasm of the cells of 
the leaf is enabled to effect that extraordinary 
dissociation of carbonic acid which we have 
already discussed. On the other hand, tho 
plant elsewhere obtains water and inorganic 
salts, which include among their constituent 
elements nitrogen, sulphur, and phosphorus. 
The upshot of the plant’s activities is the forma- 
tion from these food materials — on which we 
should so soon star<?^e — of the countless complex 
organic compounds, a few of which we have 
already discussed. In them the kinetic energy 
of the solar radiation is still conserved in the 
form of what we call potential chemical energy. 
I’he plant does not create energy, but it is an 
incomparable collector of it. 

The Energy of the Plant. On the other 
hand, the plant, like every living thing, is 
also a dissipator of energy. Living proto- 
plasm, whether found in the plant or in 
the animal, must breathe — must take in oxy- 

f en and give out carbonic acid and water, 
lut the breathing of a plant, though necessary 
to its life, is a very much less rapid process 
than the breathing of an animal. The plant 
has not much occasion for the using up of eneigy. 
One great distinction between the plant and the 
animal is that the food of the former comes to 
it while the latter has to find its food. Thus, 
the plant is not under the necessity of using up 
much energy for purposes of locomotion, whereas 
the animal, which has muscles and uses them, 
must breathe extensively in order to obtain 
the oxygen which bums^up its food within its 
body with the transformation of potential 
energy into kinetic energy. 

Therefore, though we must never forget that a 
plant breathes and must breathe, we look upon 
the plant as, on the whole, a synthetic chemist 
— converter or transformer of kinetic into 
potential energy. 

The Anceetor of Ue All. The sun 

shines upon animals as well as plants, but 
animals nave no apparatus whefreby they can 
transform the kinetic energy of sunlight into, 
for instanoe, the kinetic energy of muscular 
motion. The carbonic acid of the atmosphere 
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and the nitrates and phosphates in the soil 
furnish no diet for the animal. The animd 
world is absolutely depefuiefU for its existence 
upon the vegetable world, not only because the 
vegdable loorld is its ancestor but becxtuse the 
vegetable world is its daily bread. Now, just 
as the plant is typically a synthetic chemist 
so the animal is typically an analytic chemist, 
breaking down that which the plant built up. 
The potential chemical energy thus obtained, 
which, be it remembered, is transformed sun- 
light, is converted by the animal into kinetic 
enersy which, in some oases (as, for instance, 
the Bght of the glow-worm) may be absolutely 
identical with part of the light which it originally 
was. But muscular motion is the most common 
form which this energy assumes. Lastly, the 
animal dies and returns to the dust. There its 
body is resolved b}^ microbes or bacteria — the 
indispensable part played by which in the 
existence of man himself upon the earth must 
be discussed in the course on Bacteriology — 
into simple sulphates, phosphates, and nitrates 
which wc call manure, in which form they are 
again taken up by the plant. So said Tennyson : 

“ And from his ashes may be made 
The violet of his native land.” 

Perhaps the writer may be allowed to quote his 
own previous expression of the significance of 
this : “As wo dwell, we living things, in this 
our ‘ Isle of terror,’ each of us is inalienably 
bound to all the rest. So you may be selfish 
for a century, but at the last others will 
claim your dust. For altruism is the law of 
Nature.” 

The Chemistry of Food : A Life for 
a Life. Many a large volume might be written 
upon the chemistry of diet ; hero we are merely 
concerned with the principles, and must en- 
deavour to reduce the multifarious diet of the 
many kinds of animals that inhabit earth and 
sky and sea to their simplest terms. 

Every animal (as, for instance, a man or a 
sea-anernone) must have a supply of water 
and a supply of certain inorganic salts. In so 
far as these two items are concerned the needs 
of the whole living world are identical, for 
plants also must have water and salts. But 
if the plant has water, salts, and the ordinary 
gases of the air, it has enough or a feast. On 
the other hand, the animal, and this is true of 
all animals, must have some kind of proteid 
and, in the last resort, this proteid is invariably 
a vegetable product. The plant made it out 
of its raw materials — having easily solved the 
problem at which synthetic chemistry is still 
heavily labouring — ^and the animal uses it. For 
our present point of view it matters not a straw 
whether the animal be a cannibal who obtains 
his albumin by eating the muscles of a fellow 
man, or be a cow munching grasses. In the 
last resort, the vegetable world is the source of 
all proteids for all animals, and we are not hero 
concerned with the appalling morel questions 
which arise in relation to Nature’s apparent law, 
a life for a life. 

Animal life can be sustained on water, salts 
and proteids. If the diet contain these three 


constituents alone the animal body will yet be 
found to contain fats, and carbohydrates such as 
sugar. Now, we know for certain that the 
animal is incapable of synthesising fats or 
sugars from their elements or from simpler 
compounds, and we have clear evidence that 
when proteids, salts, and water constitute the 
whole diet, the proteids supply the source of 
the carbohydrates and fats wnich the animal 
body displays and utilises. This one fact will 
give us some little idea of the almost incalcu- 
lable complexity of the proteids, and the appall- 
ing nature of the task which the synthetic 
chemist essays when hc‘ attempts to synthesise 
an artificial proteid. 

The Three Eeeentiale to Life. But in 

actual practice it is found that the animal, 
including man, takes carbohydrates and fats 
as such in its diet, and so we have five distinct 
items constituting the food of a man : proteids, 
fats, carbohydrates, salts, and water. In certain 
cases the second may be dispimst^d with ; in 
certain cases the third ; life may continue if 
both second and third be omitted ; but if either 
the first, fourth or fifth b<» withheld death 
necessarily follows. 

The vegetable body rc'quires food, partly for the 
accumulation of tissue and partly as a source of 
energy ; but we have seen that the vegetable body 
spends scarcely any ent^rgy. Th(' animal body 
also requires food for two purposes, and two alont» 
— the making of tissue and the supply of energy. 
The water and the salts are necessai’y for life for 
a number of reasons, though they cannot 
clearly and definitely be included under either 
of these purposes. The animal’s expenditure 
of energy is extremely high, and by far the 
greater part of its food is required for this pur- 
pose. The fats and carbohydrate's are the 
principal sources of the potential chemical 
energy, most of which the animal will convert 
into motion. These failing, the proU'ids will 
bo used, but when a suitable diet is employed 
the proteids are vt^ry little used for this purpose, 
their main concern being to replace waste of 
tissue. Prot(*id8, indeed, are the chief con- 
stituent of all protoplasm. Vegetable protoplasm 
makes them and animal protoplasm snatches 

them, ready made, from the vegetable. 

Proteins — the Principal Food Sub* 

•tances. We are using the term most 
commonly employed in this country for those 
extraordinarily complex compounds which, in 
certain varieties, are the chief constituents of 
all living things. At an important sclent itic* 
meeting in Canada, in the autumn of lOOfi, 
some steps were tak(*n, however, to obtain a 
greater uniformity in the nomenclature. At 
present, ^e words proteid, albumin, and albu- 
minoid, are frequently used interchangeably, 
but the splendid work of Emil Fischer has 
necessitated a more precise nomenclature. 
It is therefore desired by those in authority 
that the term protein should be employed 
as the general name for all those substances. 
It is at present so used in America and to 
some extent in Germany. These proteins, 

then, as they will be commonly called before 
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long, may be divided, largely in consequence of 
Fischer’s work, into about seven grouiM, or 
sub-classes. It is possible to make artincially 
certain substances which belong, or all but 
belong, to the simplest of these sub-classQs — 
the group known as the protamines. From 
these, which arc relatively simple, we pass 
in increasing complexity through a special 
nSbumin^ such as egg albumin, through such a 
substance as gelatin, which is rather more 
complex still, on to the gluco-proteins^ such as 
mucin, the characteristic constituent of the stuff 
called mucus, which is produced by mucous 
membranes, on to the mt4;leo’protein8, and at 
last to the coloured or chromo-proteins, the most 
celebrated and complicated of which is hsemo- 
globin, the red colouring matter of the blood. 

The Moat Familiar Proteins. Of 
course, it will be some time yet before the 
term proteid is discarded. It is the generally 
recognised word in this country, and we have 
employed it everywhere except in the last 
paragraph. But we desire that the reader should 
not be confounded when he meets the word 
protein, as he certainly will do more frequently 
everv succeeding year. 

We may quote from Sir William Ramsay a 
very brief description of the most familiar sub- 
class of the proteins. It contains the main facts 
in very small space. 

“ Albumins are the chief constituents of 
animal organisms. They are soluble in water, 
but are precipitated by warming their solution, or 
by the addition of strong acids — copper sulphate, 
mercuric chloride, basic lead acetate, ofc., and 
also by tannic acid or alcohol. They turn 
yellow wlien boiled with nitric acid ; give a red 
colour vith Millon’s reagent (a solution of 
mercurit nitrate containing NgOj) ; and violet 
with caustic soda and a trace of copper sulphate. 
They co.nbine with both acids and alkalies. 
They contain sulphur. When hydrolysed by 
boiling w ith baryta- water, the chief proaucts are 
amido-a( ids, such as amidoacetic acid (glycocoll), 
amidocaproio acid (leucin), etc. They are con- 
verted by gastric juice (pepsin) into a soluble 
grey mass, named peptones, which are not 
coagulated on boiling.” 

Chemical Processes in Liwing Matter. 

Utilising the Greek word Bios, life, chemists now 
frequently speak of bio-chemistry in order to 
indicate the study of the chemical processes 
that rtccur in livmg matter. This term has 
the advantage that it is almost identical in all 
languages — an advantage common to words of 
Greek origin and largely explanatory of their 
wide use — and it has the further advantage that 
it avoids the term vital ; which is apt to suggest the 
theoiy of Vitalism, unless that theory has been ex- 
plicitly discussed and abandoned, as in our case. 

The study of the proteins is the cardinal 
necessity for the bio-chemist, and in our brief 
discussion of the subject we shall utilise the 
volume just published by Mr. John Murray, 
under the title “Chemistry of the Albumins,” 
by Dr. S. B. Schryver. This volume consists of 
lectures delivered before the University of 
London, and is one of the quite invaluable series 
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of such volumes which have been issued under 
the auspices of that great institution since it 
became a teaching reality and not a mere 
examining body. It is necessary to add that 
Dr. Sohryvor uses the older terminology, and 
that what he calls albumins, for convenience, 
are now to be known as proteins. 

We cannot here discuss the modem theories as 
to the constitution of the various albumins, the 
possibility of the crystallisation of some of them, 
as, for instance, haemoglobin, or the extremely 
important question of the various degradation 
products of the albumins, recently studied with 
splendid results by Fischer and his pupils. 
Briefly, we merely note that among these 
degradation products are included fats and carbo- 
hydrates. These are demonstrated chemical 
observations, and are in strict correspondence 
with what was said above when we were dis- 
cussing the dietary groups. Also, we can only 
refer the reader to those extremely valuable 
lectures for a discussion of the chemistry of 
hemoglobin, with the importance of which tlic 
reader is already acquainted. 

Three Fundamental Facta, Here, 
however, we must attend carefully to the theories 
of bio-chemical action, which the author discusses 
in his concluding lectures, and which are of 
transcendent interest on every ground. And 
first, as to definite f»w)ts. Tnero are three which 
are obvious and fundamental : 

1. That the organism is in a state of constant 
change. “ To live is to change,” says Cardinal 
Newman, somewhere ; and this is true not only 
of the psychical life, but also of the physical. 
Ceaseless change in the molecules of living 
protein is a m*cessary condition of life wherever 
it is manifested. 

2. The molecule of the albumin, which performs 
the normal chemical function necessary for the 
maintenance of life, compared with ordinary 
molecules, is of enormous size and very unstable ; 
it loses many of its properties on the application 
of a very moderate amount of heat. 

3. The chemical reactions necessary for the 
maintenance of life take plaoe within very narrow 
limits of temperature, il^rthermore, these tem- 
peratures are very much lower than those which 
are otherwise found necessary. For instance, 
a commonplace in bio-chemistry is the oxidation 
of fats and carbohydrates by means of the 
oxygen of the air at the temperature of the body. 
“ Hence,” says Dr. Schryver, “ we are dealing 
with abnormally large molecules which are 
constantly bringing al^ut chemical change at a 
temperature of about 37® C., which changes occur 
irt vitro (that is, in a test-tube) only at higher 
temperatures, and with the use of energetic 
chemical reagents which do not exist in the 
body. We are forced, therefore, to seek for some 
special explanation of bio-chemical reaction.” 

Life **A Series of Fermentations.” 
Now, it appears that the explanation of the 
possibility of these reactions under these con- 
ditions must ultimately bo expressed in terms of 
what we know as /ennen^oiton— in short, putting 
the matter unphilosophioally, crudely but 
memorably, ” life is a series of fermentations,*^ 
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The technical term employed is caldlysia or 
caUdylic action. This term is rather wider 
than the term fermentation, but all fermentation 
comes under its heading. 

A ferment is a substance which induces 
chemical change by its presence, without itself 
undergoing any change. The most familiar 
instance is the pepsin which Sir William Ramsay 
mentions in the quotation above. More powerful 
than the pepsin of tne stomach is the trypsin 
which is produced by the pancreas or sweet- 
bread. These substances, without themselves 
undergoing any change, are capable of breaking 
down the ordinary albumins of the food in such 
a fashion that they are afterwards capable of 
absorption into the blood. 

Ferment Action. A ferment, or enzyme, 
as it is often called, is a product of the living cell, 
and is highly complex in composition, but it is 
possible to find outside the living body parallels 
to the action of a ferment. For instance, wc know 
that the peroxide of hydrogen, in the presence of 
platinum black, is decomposed with the evolution 
of free oxygen, while the platinum remains un- 
changed at the end of the reaction. Various 
theories of ferment action have been advanced, 
but it suffices for us to note here that the 
reactions due to ferments in the body are rarely, 
if ever, much more complicated than this catalytic 
decomposition of peroxide of hydrogen ; ind(‘ed, 
we may say that oxidation, reduction, hydrolysis, 
and dehydration will include all, or practically 
all, the forms of ferment action. Furthermore, 
the chemical changes induced by ferments are 
usually such as would be apt to occur in any case 
though not at such a speed. This will explain 
the important definition of Professor Ostwald, 
who is one of the greatest Jiving students of the 
subject : “ a catalysor is a body which, without 
appearing as an end-product in a chemical 
reaction, alters its velocity.” 

Theories of Blo-chemical Action. The 
oldest theory of bio-chemical action contains 
as its essential part the proposition th«< the 
living molecule (as, for instance, in the con- 
tractile cell of a muscle) is capable of taking up 
oxygen into itself, which is thereby held at the 
disposal of the organism for the purpose of oxi- 
dation. The reader is familiar with this theory. 

We have referred to the next theory, that of 
Pfluger, which assumes the truth of the theory 
of intra-molecular oxygen, and the special 
character of which is its insistence upon the 
potential energy in the cyanogen group assumed 
to occur in the living albuminous molecule. 
Many subsequent observers have restated this 
theory in various forms. 

Later, we have the remarkable theory of 
Ehrlich, who conceives of the whole protein 
molecule as having a ferment-like action, part of 
it being specialised for the purpose of anchoring 
oxygen to the molecule, and another part being 
specialised for the purpose of anchoring various 
oxidisable substances, with obvious consequences. 
To Ehrlich we owe the idea of specialisation of 
function within the molecule. This is a very 
great advance. The theory is often known as 
the aide-chain theory. 


Then, only three years ago, Professor Verwom 
combined the side-chain theory of Ehrlich with 
the theory which assumes the existence of sub- 
stances which can act as oxygen carriers, and 
with the theory of intra-molecular oxygen. 
This, which is Imown as the hiogen theory, will 
undoubtedly require much mochheation, but at 
the present time it may be regarded as the 
best working hypothesis available. 

The Chemistry of the Stars. Space 
does not here avail of the discussion of what 
is usually known as physiological clkjcmisiry, which 
discusses the particular chemistry of the various 
organs and tissues of the body ; we have preferred 
to discuss the more fundamental subject of bio- 
chemistry in general. 

And now we must turn from the chemical dis- 
cussion of life upon our little earth to a study of 
the chemistry of the illimitable heavens. This 
is a subject for volumes, and hero wo must 
merely state the main outstanding facts. Else- 
where in this course, and in the course on Physics, 
the reader has made acquaintance with the 
method by which many facts of the chemistry of 
sun, stars, comets, and nebula) are as positively 
known as if portions of those heavenly liodies 
had been sent by celestial post to the chemist's 
laboratory. We know that there is no more 
certain evidence of the identity of the atoms 
of any substance than the characters of the 
light which those atoms give out when the sub- 
stance becomes luminous. Thus, by means 
of the spectroscope and spectrum anal3r8ig, 
we have acquired knowledge which some ot the 
wisest thinkers of not so long ago declared to 
be forever beyond the reach ot the human mind. 

la Evolution Universal ? The first 
amazing, yet utterly natural, fot’t is that the 
elements of which our own bodies and our 
surroundings are composed also constitute the 
heavenly bodies. In the light of the most 
recent ^owledgo it is, perhaps, not possible to 
say without some qualification that we know 
of no elements in the heavens that are not found 
on the earth. We may undoubtedly Ixilieve 
that there is no kind of celestial stufl which is 
utterly distinct from terrestrial stuff ; but it is 
quite possible that there may be represented in 
the heavens, stages or forms of atomic evolution 
with which we do not happen to be familiar 
in this our little moment of time, and upon 
this our “ lukewarm bullet,” as Stevenson 
called it. In Sir Norman Lockyer’s opinion 
there is, for instance, an element characteristic* 
of the corona of the sun, and this element is 
known as coronium. But though this were 
BO — and a thousand instances Inside it — the 
fact would remain that there is a real identity 
of composition alike in heavens and earth. 
may also remind ourselves of the celebrated 
case of helium, discovered about a quarter of 
a century ago in the sun, and named accordingly, 
but now known to occur upon the earth also. 

The study of inorganic evolution in its widest 
sense incluaes the study of the evolution of atoms 
and the evolution of planets, suns, and stars. 
But we must not confine ourselves merely to 
atomic evolution as it has lately been recognised 
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in the laboratories of earth. It is surely ex- The Temperature of the Stare. Now» 
tremely proljable that atomic evolution also this last fact leads us to a brief discussion of 
oc3urs in the heavens. Our minds having been the great theory of Lockyer. that atomic 
prepared by recent knowledge, we should think evolution in the heavens is an orderly and con- 
it veiy strange indeed if no case of atomic tinuous process, dependent upon orderly and 
dissociation could be recognised in the sun. continuous changes of temperature in the sta^. 

Evolution in tho Heavens. Now, Sir The study of the light given out by various 

Norman Lockyer has devoted a great part stars seems to show quite clearly that they va^y 

of his life to the study of this subject. He has in temperature, and Sir Norman Lockyer has 
shown, what is now a commonplace, that the dividea tho stars into three groups : gaseous 
spectrum of an clement alters with alterations of stars, metallic stars, and carbon stars, the first 
temj^rature ; and no modern student of radium group being of tho highest temperature and the 
and its revelations can doubt that these changes last group of tho lowest. We may say, in a 

are due to atomic changes within the luminous word, that tho evidence of comparative tern- 

substance that is examined, and. in tho upshot, peraturo depends, as in the case of a heated 
that these atomic changes are duo to atomic poker, upon the comparative lengths of tho 
dissociation. Thus, in the case of iron, which spectra given out by tho stars, 
is known to occur in the sun. there is reason to Examining the sta»*8 in this fashion, Sir 
believe that such atomic dissociation occurs. Norman Lockyer finds that the chemical com- 
Says Professor Duncan : “In one part of the position oi a star varies with its temperature, 
sun, called the ‘ reversing layer,’ the spectrum The hottest gaseous stag's seem to consist of 
of iron is represented by nearly a thousand lines, comparatively few gaseous elements ; then it 
In another part of the sun, called the ‘ chro- would appear that as the star cools there occurs 
mospherc,’ which is apparently at a much higher some such “ concourse of atoms “ as Lord Kelvin 
temperature, the spectrum of iron is reduced to has lately been writing of. 
two lines only. It is difficult to see what other Fascinating though it be, chemistry is not tho 
explanation we can assign to this remarkable only subject neodod to make an educated man, 
fact than that at the higher temperature of tho and we must bring our present study of it to a 
chromosphere the atom of iron is decomposed close We have merely opened the door to endless 

or dissociated into some simpler constituent wonders, and have peeped in for but a moment, 

which appears at that point. This explana- The Future of Chemistry. In arranging 
tion is rendered additionally valid by the the proportions of our vast subject we have 

further fact that in sun-spots one set of iron deliberately recognised the all but overwhelm- 

lines is found, and in the chromosphere, quite ing importance of recent work in chemistry 

another.” These and other reasons lead us to We have not at all followed the orthodox lines 

suppose that in the sun, as I.<ockyor says, “ we of an elementary chemical textbook ; but the 

are not dealing with iron itself, but with primi- tmth is that those orthodox lines will very soon 

tive forms of matter contained in iron which cease to be orthodox, and that a vast propor- 

are capable of withstanding the high tempera- tion of the reactions and technical processes, 

ture of the sun after the iron, observed as such, descriptions of salts, and so forth, which now 

has broken up," Similar evidence can lie od- occupy so much of the chemical textbooks, 

duced to show that other elements, such as will be regarded as no more worthy of a 

magnesium and calcium, are also dissociated place in a discussion on chemistry in general 

in parts of the sun. than, let us say, the minute details which 

A Constituent of the Hottest Stars, distinguish tho muscular anatomy of the taU 

The stars also yield evidence of the same thing, of one kind of fish from that of another 

not only in the case of these metals, but also kind of fish will be deemed worthy of a pla^'o 

in the case of many others, such as copper, chro- in a general textbook on biology. Though 

mium, and strontium The term proto has been pinciples depend upon details, and though one 

applied (until further knowledge) to the names little fact is quite sufficient to overthrow the 

of the dissociated constituents of the element greatest of generalisations, yet we must recognise 

OR they are found in the sun and stars. Says that for the purposes of education tho details 

Professor Duncan : “ A very important proto- are but means to an end, and that that end is 

element is proto-hydrogen, disooverv»d by tho knowledge of principles. 

Professor Pickering of Harvard University,” in Tho writer takes leave of his readers with the 
a certain star. “ The spectral lines representing utmost regret and with the earnest hope that 

this substance Pickering at first supposed to here and diere he may have iinpaHed to them 

signify a new element ; but he was able to show some of the interest which his fresh review of 

later that they belonged to a new series of hy- the subject as a whole has excited in him. 

drogen lines constituting a form of hydrogen Ho can scarcely think that anyone has enjoyed 

unknown on earth.” This proto-hydrogen has reading this course as much as ho has enjoyed 

since been discovered in other stars, and it writing it, but at least he hopes that the pleasure 

is extremely noteworthy that the stars in which has not been aU on one skle. And we may 

it occurs ore the hottest stars known. hope, also, to meet again ! 

* Chemistry conduded; followed by 

Applied Chsmistby 

For the Best Book^ on (Chemistry the student should see the discussion at the end of Phyucs. 
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By W. S. 

Top Boots. Wlien it coasod to tho 
ambition of every rcjspectablo young man to 
posHcss a pair of fine top boots the bootmaking 
trade declined in its most artistic and profitable 
branch. A top boot is a big job, and c%11s for 
patient ca’*e, deft hands, and a good eye for 
effect. We do not refer to the coarse things 
that are made for odlers and stable-boys, but 
to tho boots of gentlemen. This trade is still the 
mainstay of many hand- working shoemakers 
Riding, "cavalry, and livery boots have all special 
models, and the civilian top boot differs from 
them ab. What distinguishes tops from every 
other form of boot is the long leg and the pUm 
front. Horsemen’s boots of the lower class are 
simply plain-frontod boots with leather stove- 
pipes stuck on to them. But the best class tops 
are one piece of fine leather from head to toe, 
with side-seams joining backs and fronts, lined 
with fine chamois or morocco, and topped vnth 
a broad band of soft leather. 

MaKing the Top Boot Upper. When 
measuring for top boots, the length and thick- 
ness of tho leg must be taken as well as the 
proportion of tlio ankle. Every frnetion of an 
inch in the limb has its graduation to be accounted 
for, if tho boot is to fit properly, (^utting tops 
is anxious work, and can be safely undertaken 
only by skilled workmen. The best way of 
acquiring the requisite skill is study of good 
models and instructions from a practical man 
while he is at the work. Having got all your 
stuff gathered for the tops, the next business is 
to sew and shape it. Tne long side-seams, the 
stiffening of the backs, the shaping of tlie iioiits, 
the fine adjustment of tho linings, take much 
p\tienoe and skill. Then evei^ seam must be 
flattened out to almost invisibility. But when 
all is done, the result is worth tho pains ; you 
have a splendid boot, fit to bo worn by a king 
— that is, always provided that the soles and 
heels are worthy of the tops. 

No matter how well it has been sewn, the 
boot top is rather an unshapely thing , but we 
have the remedy. Made of hard wood, and 
fashion«3d to the shape of the human f<x>t, the 
last is the mould of tne boot. The best kind of 
last [88] is in two parts, tho lower half repre- 
senting the body of the foot from the middle of 
the c^lo, the upper part giving the front of the 
leg and the instep. Over this block the top is 
stretched and shaped. 

Stock of Looto. Lasts are cheap, and it 
pays to ke^ a large stock of them. In Edition 
to a pair of lasts for every size, it is good policy 
to keep ^eoial lasts for paHicular customers. 
A tot-elass shoemaker generally has a laige 
number of lasts rented or owned by customers. 
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for wlioai they have been specially prcpa»*cd 
and kept. 

Shaping the Last. With the measure 
and notes in hand, we go to tho last rack and take 
down the lasts required. If no size corresponds 
exactly witli the measures, wc take tho nearest 
in size, and begin to work. For lengthening, 
put a neatly pared piece of leather on tho hocl, 
like a pad ; lay a toe-cap on the toe. For n 
higher instep, cut a neat long patch and put it 
on the instep, and so on for all other peculiarities. 
Tlie pieces must be finely graded or skived, so 
as to fall in with the general outline of the last, 
and p isted firmly on. The ideal last is flat on 
tie* lieel and under the toe- joints, and finely 
tapered on tho top of <^!io toes. 

Cutting Out. If a shape be not already 
in existence for this last, we have to cut on^ 
exactly the size and shape of the sole as a guide 
for finding the size of the insole. With this and 
<rir measures we go into the leather store. 
Insoles should be of good l>ody, but thinner than 
soles, th^ leather from the shoulder of an average 
hide suiting well, (’ut out to shape from the 
hide, reserving scraps for packing. From the 
same hide cut the stiff<*nera. 

Sole Cutting. Next lay thi* hide of so^*- 
leath'^r on the cutting table and cut off rigid 
and left so’es rough to measure. This lea*h(*r 
should b‘ stout, firm, yet flexible, of a 
b Ornish buff colour shading to dull white. 
I^st an* th^ welts So no bootmakers buy these 
ready-made, of an oil tannage ; but they may 
be cut fro'u a well-tanned English shoulder 
that has been shaved evenly. Tut strips o/cr 
J in. broad, th^^ cross-way ol the hide. Gather 
the stuff together, and fling it all into a tub of 
w’ater, sousing well over. When all have been 
thorouglily soaked, take out everything but the 
welts, an4 lay out in an op “n place to dry free 
from water. 

Blocking the Ineole. While still damp, 
the insoles are scrap3d and lightly beaten 
smooth with the broid liammor, stretched on 
the lasts, talked down, and left to dry in shap''. 
As soon as they arc firm, th(» insoles arc cut 
neatly to th^> edge of the last, the solo lined 
across into three pirts— -the heel, tho waist, and 
the fore pi'-t — and skived away finely at tho 
waist. Keep the curve well within the sides of 
last, cutting deeper to the inside of the foot. 
Tne insole has to be 8<*wn to the upper, and the 
operation is a delicate one. To make it as cosy 
as possible, we hole the insole by itself. Round 
the edge of the insole make a ^vel, or feather, 
about % in. broad, cut sharply half through the 
leather at tho inside, and tapering to the edge, 
forming a comer all round the sides of the insoio. 
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Take the awl and strike holes from the face of 
the insole to the surface created by the feathering. 
It is plain that if a thread is passed throu^ 
those holes, a strong catch will be formed. 

Lasting. Lace the top neatly with a strong 
leather lace up to the bend of the foot. Sit down 
on the bench, put the last between your knees, 
heel to the left, place the top evenly on the 
last, and pull it strongly do^vm,' drawing more 
to the toe than the heel. This done, turn the 
last sole upwards, and take the heel between 
your knees ; pull the toe of the upper over the 
loe of the last and tack it into place. Watch 
carefully that the top is centred on the last, and 
then begin tacking all round. For pulling down 
the top we are provided with a pair of fine strong 
pincers. Begin round the toe and work evenly 
along both sides to the heel. Before fixing up 
the sides, however, we put the side linings in 
between the linings of tne tops. When the top 
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is being folded down on the last, wrinkles and 
pipings naturally form ; these must be beaten 
out and tightened over, or unsightly work will 
be the result. Sometimes the last is hard to 
drive into the top, and we have many recipes 
for overcoming me difficulty easily ; but we 
know of none like intelligent ingenuity and 
patience. The top has to be made smooth over 
the last, and the job can be done. 

Welting. From lying in the tub all this 
time, the welts are soaked with water ; strike 
the surplus liquid out by rubbing down with 
a hammer handle, or anything handy ; then 
skive tlie inner edges on the grain side. Take 
the one you are going to work with, and fit it 
round the sole of the last, marking; where the 
creases caused by the turnings are behest. Cut 
the creases out, tiddng care not to lessen the 
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strength of the welt. A welt properly shaped lies 
as fiat and keen as a knife blade. The welt should 
come up the sole to about the end of the waist, 
and no further. If too long, cut off the ends. 

Sewing and Stitching. Our work up 
to this point has been preliminary ; the serious 
and important business begins now. Have 
ready several threads, seven-ply, well waxed, 
and with strong bristles on the en^ ; put on the 
sewing-mittens — skeleton gloves that leave the 
fingers and thumb bare, and protect the palm and 
back of the hand ; sot the boot between the 
knees, heel outward, and bring the belt over the 
waist of the boot, tightening it with your left 
foot on the buckle. Start sewing on the sidt‘ 
nearest the left hand ; drive the long point of 
the awl through the hole in the insole, through 
the welt, and bring it out through the top or 
upper, and up through the welt. Send one end 
of the thread the same path, and draw till half 
is on one side and half on the other. Pierce 
with the awl again ; put the bristle in the right 
hand through from above, and the bristle in the 
left hand through from below ; grip the bristle 
coming up with the right hand, and the other 
going down with the left ; draw firmly yet 
gently, windmg the cords round your hands to 
get purchase, and then tug once, twice, thrice, 
with a swimming action, to drag the threads 
through [84], and give a last firm tug to tighten 
the stitch. For this operation strength and in- 
telligence are required in equal proportions. 
Mere force will break the insole or tear open 
the path of the thread. After careful practice, 
the art comes naturally, and the skilled boot- 
maker mechanically forms the stitches firmly and 
accurately. In this way the whole welt is sewn, 
and the insole, top and welt, all firmly joined 
together. 

Sewing Round the Heel. On the heel 
we have no welt, and the top must be joined 
in some way to the insole. Nothing could 
be simpler. Take a new thread, send the awl 
curving as before through insole and top, sew 
strongly round, and secure by a knot at the end. 

Trimming. As stitch after stitch was made, 
the tacks hold^g the top to the last were taken 
out ; but there are yet other trimmings to be 
done. Rough edges come up from the upper, and 
the welt protrudes over the waist. For hunting 
and other classes of heavy boots, the welts are 
left on ; but in ordinary boots the welts are re- 
duced at the waist. All the superfluous stuff on 
top and welt has to be finely pared off, but not 
so closely as to weaken the ttitching. I^en this 
has been done, the seams should be hammered 
down smooth with the flat head of the broad 
hammer, care being taken to avoid bruising the 
stitches. 

Soling. Between the surface of the insole 
and the level of the welt there is a difference 
which must be filled up. A padding of felt is 
favoured by many shoemakers, ahd for light 
boots it does very well ; but soft felt cannot Md 
anything to the strong^ of a sole, and our duty 
is to m&e it as strong as possible. Scraps of 
good leather, skived to a uniform thiclmess and 
neatly built to each other, form a strong packing. 
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Paste all over the insole with thick, strong 
paste, and lay in the packing, pressing down 
smooth Over this brush a coating of paeie, and 
fix on the sole. 

Beating the Sole« Before putting on the 
sole, however, we subject it to some hard treat- 
ment. Lift the heavy iron lapstone on to your 
thighs, smooth face upward; take the broad- 
faced hammer in your right, and the sole in your 
left hand ; lay the leather, flesh side upward, on 
the lapstone, and hammer firmly and evenly from 
the centre of the sole outward. Our object in 
the operation is twofold — first, to weld the fibres 
of the leather together ; second, to give the sole 
a smooth surface on both sides. 

Shaping. Another point should be men- 
tioned here. In heavy boots th3 sole is put on 
just as it is with, of course, the necessary paring ; 
but light boots and those to bt' finely shaped 
have soles skived on the under side of th^* shank, 
a broad crescent on each side thinning the leather 
towards the edges. 

Laying on the Sole. Laid evenly on, the 
sole is tacked down, a tack in th » centre of the 
toe, one in the middle of the sole, and two at the 
(md, near the seat of the hoel, securing it firmly. 
Now brace tha boot between the knees, and 
himmer smooth and flat all over the sole. Turn 
th'^ boot top up, and take a cold iron and smooth 
down the welt, setting it at right angles with the 
upper. 

Paring. Our boot begins to take shape, 
and th3 thought is an inspiration for the deft 
and delicate work of paring and shaping. All 
round, and at toe and waist especially, the sole 
stands out rough and rugged. Those rough edges 
and comers are to be cut off, but be sure you 
realise what is to be aimed at in th^ cutting. 
Many a million boots have been spoiled in the 
trimming. Mark lightly the outline of the sole 
with the back of the knife, and then, with wrist 
braced, and fingers steadily guiding the blade, 
cut away the rough edges round the sole, and 
show what a fine shape it was designed to be. 
That is good art and fine craft, and now we pass 
on to the art which conceals craft — make the 
channelling that conceals the sewing of the sole 
to the wolt. 

Channelling. This is not a simple matter 
of drawing a line round th^ edge of the solo ; 
it must be graduated from in. at the sides to 
I in. at the shank. Having drawn the lines with 
a pair of dividers, take the knife in the right hand 
like a pen, slant the point into the sole, and make 
a cut on the line that raises the surface of the 
leather. Deepen the channel with the slanting 
blade of the prick-stitch, and hft the flap wide, 
so as to be out of the way of the stitching awl. 
Turn over the boot, and run the fudge wheel 
along the welt, as a guide to stitching. 

Stitching. If it be desired that the stitching 
should be shown up, make a thread of yellow flax, 
and wax it with wmte wax. The thread should, in 
any case, be formed of the finest hemp, and 
waxed sparingly. Set the boot, side up, between 
the knees, and bind firmly in position with the 
belt over the shank and under the foot. With 
the stitching awl, make a hole through welt and 


sole, bringing the point of the awl out in the 
channel cut in the sole, and so begin the work 
of stitching. The rest is obvious, and further 
detail is ne^less ; but a hint or two may be of 
R3rvice. When about to make a stitch, set the 
curve of the awl against the upper and the point 
on the flat of the welt, drive the point quickly 
through the leather, bringing the elbow down 
with the stroke, lifting the ellww again to with- 
draw the awl. To aid the awl, the loft thumb 
should push the sole at the moment of the stroke 
against the point. As the wax wears off the 
thread, always renew it on the side furthest from 
the boot, so that none of the wax may fall on the 
upper and spoil the work. After stitching, the 
channel is closed over the stitches. 

Building the Heel. The leather for the 
hecJ must bo hard, thick, and firm in fibre. For 
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an ordinary square heel, we require a seat-piece, 
two pairs of lifts, and a sole-piece. Cut wide, 
so as to cover the heel -stitching, the seat-piece 
is pegged on and made square with the end of the 
solo. Next, the pair of split lifts have to be platted. 

M aking Splits. Split lifts are formed out of 
a solid piece of butt leather, 1 in. broad, 7 in. 
long, split into two wedges by a simple process. 
Lay the leather flat, holding it down with the 
left thumb in the centre. Put the knife into 
the head of the strip near the outer edge, and 
make a slanting cut down almost to the other 
side ; then draw the knife evenly down, and the 
leather will be split in equal wedges. Soak the 
splits in water, and bend the ends together 
vertically, and they will form a ring with the 
inner edge curling. Hammer down the raised 
edges, and a heel-piece will be formed. 


4180 


LIATNBK 


on Split Lifts. Rasp the seat- 

piece roughly, and cover with paste ; lay on the 
split lift, and tap down with the hammer ; repeat 
the process, and put on the second split lift ; 
pack in the centre with leather. Now put on the 
solid lifts and top piece, pegging them down. 
Thus firmed, the heel is ready for sewing. Ex- 
cept that the heel is harder and deeper than the 
sole, there is no difference between welt sewing 
and heel sewing. The awl, of course, is straight. 

Shapes of Heels. No one knows the 
variety of taste there is in regard to heels except 
a bootmaker with a good class of trade. Square 
heels, round heels, high heels, pegtop heels, and 
many modifications of these puzzle the boot- 
maker^B wits. Let no one imagine that it is 
merely a question of a different form of heel ; 
the kind of heel frequently determines the whole 
(character of the boot. A high heel makes a long 
angle which must be compensated for somehow, 
or the tips of the toes and edges of the heels are 
certain to get the whole weight to carry. The 
last must he modelled according to the height of 
the heel. There are various ways of doing this, 
the most common method of accommodating 
high heels being to shorten the arch of the foot 
and heighten the instep on the last. Other 
methods are adopted, but these are special to 
different makers. 

Finishing the Heel. The heel is the last 
to be made, and the first to be finished. In spite 
of all our care, the edges of the lifts show, and 
the ideal heel is a solid block. First round ofi the 
top piece with the knife, and then out the lower 
la^rers of leather to an even shape. This is called 
knifing , and the succeeding peening process is an 
apparent contradiction of it. With the peen, or 
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buffing knives — ^flat pieces of soft steel given a 
turned edge that scrapes the surface of the leather 
evenly.. ^ over the sides of the sole and heel 
with the knife, making a clean, hard surface. 

Sand-papering. We have done with the 
tools that cut, and take w the rubbers and 
smoothers and polishers. First of these is the 
sandpaper, a strong flexible paper covered with 
sand siuoate. Take a bit of this paper about the 
size of your palm, clothe the tip of the thumb 
with it, and rub over sole and edges, imparting 
to the whole of the bottom of the boot a smooth, 
uniform colour. 

Irona. Like our neighbours, the tailor and 
the shirtmaker, we have smoothing and polishing 
irons, but between our little irons and the tailor’s 
goose the contrast is very great. Our irons are 
little metal blocks, an inch in depth, varying in 
breadth and thickness according to the purpose 
for which they are designed. The large glazing 
iron is 2 in. broad, dome-headed, and 1 in. 
thick ; on the other hand, some of the waist 
irons are about the dimensions of a common file. 
A gas burner or a spirit lamp should be near at 
hand, for heating the irons. Needless to say, the 
irons must never be made so hot as to scorch 
the leather, but the caution is one to be kept 
in mind. When brought to the proper heat, 
the irons are applied to the waist, the sides of 
the sole and the heel, and to the top of the welt, 
rubbing to a firm smoothness. 

Inking. Before applying the blackening 
ink, rub over the parts to be blacked with a 
little weak ammonia, and then brush on the ink. 
Now is the time for using the glazing irons. 
Kept at a good heat, the irons are rigorously 
rubbed on the surface of the leather, bringing 
it to a high polish. 

the 


together, and when the rasp has been applied 
and has cleared away the dents, a smooth, solid 
surface remains. 

Smoothing Edges. We leave the heel in 
that state for the present, and take up other 
parts of the boot. Apply the sharp knife to the 
shank and sole, clearing away the rough edges 
and stiff corners, till the outline of the boot runs 
clean and smooth from waist to toe. Now the 
edge of the sole has to be peened and rasped in 
the same style as the heel. Keep the stroke of 
the peen well in the centre of the sole, for the 
edges are tender and may be frayed. Similarly, 
in rasping hold the sole steady with the left hand 
and rub the rasp firmly along the centre, taking 
about 3 in. at a time. One side of the rasp is 
sharp-toothed, and the other is a fine file. With 
the file side go over all the rasped parts and 
smooth them down. 

Buffing is the next process, and is designed to 
clear away whatever marks, scratches, or stains 
the leather may have taken on, as well as to give 
a new surface. Before the age of machinery, 
the buffing tool was a piece of glass ; now we have 
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tions. After the work of polishing and finishing 
has been done, a very important and troublesome 
job remains, and that is the taking out of the 
last. Perhaps the last comes out with little 
bother, but if it is stiff, get the last-hook. Hav- 
ing cut the laces that held the fronts together 
during soling, we put the last-hook down into 
the hole above the heel of the last. Lay the 
long double handle of the hook on the floor, and 
set the feet on it, one on each side of the stalk. 
Grip the boot firmly under the toe with the left 
hand, and with the right take hold of the back of 
the heel. Pull hard at the^heel, working the toe 
up and down. In ordinary cases the lr.it yield's 
and comes out ; but sometimes we have long and 
sore work to get the boot clear, and the reason 
is not always obvious. 

When you have put in the sock soles, blacked 
and polished the boots, and duly parcelled them 
for the customer, you are entitled to think that 
you have performed a service to the industrial 
world, and!, it may be, the world of art as well, 
though the Royal Academy may not acknow- 
ledge it. 


Conftnued 
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OPTICIANS 

The meaning of optician as defined by Johnson 
is “ one skilled in optics,” which includes not 
only the making and fitting of spectacles but 
sight-testing. The business is a very old one, 
as may be judged from the fact that the Spectacle 
Makers' Company was established by charter 
in Ixindon as early as 1629. This company 
still survives, and is one of the City (Companies 
that is trying to retrieve the inaction of a couph' 
of hundred years by devoting its energies to 
a scheme of optical examination 

Revival of the Bualneaa. Of latf* 
years a great revival has taken place in the 
optician's business, partly due to improved 
methods of sight-testing, p,nd partly to the 
fact that the importance of correcting errors of 
th^ refraction of tlv‘ eyes is more generally 
recognised Formerly, the universal pra'’tice, 
when one wished to obtain spectacles, was to 
try on a number of pairs one after the other, 
and to choose the pair which s«emed b'st to 
correct the failing or ailing siglit Now, however, 
the application of scientific principles to sight - 
testing has completely altered the routine. A 
Sight- testing Opticians’ Bill was introduced into 
the House of Lords in 1906, and had for its 
object the registration of opticians in much the 
same way as dentists and pharmacists have 
been regulated. The Bill, which wxmld probably 
have had to be much altered before it would have 
been accepted by the Legislature, was withdrawn 
but may be ro-introduced when the dissensions 
in the optical industry have disappeared Wt* 
mention those points to show that the businesn 
of an optician is one which has good prospects 
of being an increasing one in the future 

Apprenticeship. There arc compara- 
tively few persons solely employed as sight 
testing opticians, the business l^ing more often 
carried on in conjunction with oth<»r trades 
such as that of a chemist, jeweller, photographic 
apparatus dealer, or scientific instrument dealer. 
As a consequence, apprenticeship to a sight - 
testing optician is not at all general The youth 
is usually apprenticed to a business in connection 
with which the sale of spectacles is a side line, 
and if his inclinations tend that way he studies 
and obtains one of the optical diplomas. Tlie 
youth who desires to be an optician must have 
a natural taste for mathematics, and must sec 
in figures more than a more collection of ap- 
parent^ meaningless symbols. He should also 
have a taste for making models of small objects, 
and apUtude in mechanical manipulations. 
The parent diould see that the business to which 
his son is to be apprenticed is a large one, in 


wbich not only is a retail trade done but, in 
addition, a certain amount of manufacturing, 
apaH from the fitting up and repairing of 
s^ctaclcs A premium of from £20 to £50 will 
be needed, and this is generally returned in the 
form of a small salary. 

Education. Apart from the education 
imparted during the course of the apprenticeship, 
a youth should attend suitable science classes 
If in ].iondon ho will bo able to take a course in 
technical and practical optics at the Northampton 
Institute, (^IcrkenwoH, K.C\ This institute was 
the first to establish classy's in applied, visual, 
and physiological optics and optical instrument 
construction Day and evening classes arc 
an’angcd, and the fees, which arc moderate, 
depend on the j.imc devoted and the number 
of subjects studied. The day course extends 
over two years, the fees being £15 a year ; but 
as such a course necessitates attendance daily 
from ton to five on five days of the week it 
cannot be taken by apprentices The evening 
classes are, however, very convenient for tho8t‘ 
engaged during the day. Optical classes arc 
also held by the Scottish Optical College in 
Glasgow and Edinburgh, and there are privaii' 
instructors in London and some provincial 
towns. 

Examinations. At the end of a course 
of study, it is advisable to sit for a diploma of 
one of the optical examining bodies The two 
existing bodies arc th(i British Optical Associa- 
tion and the Spectacle Makers’ Company. Th(‘ 
British Optical Association was established in 
1895, and has its headquarters at 199, Piccadilly, 
Ixindon, W. It was the iirst to establish a 
complete examination for sight-testing opticians. 
There arc two grades of examination, the 
dioptric and the fellowship grade, the fees 
b?ing three and five guineas respectively. 
Each examination is divided into throe sections. 
In th'' dioptric the s'^ctions are lenses and 
frames (occupying two hours), subjective sight- 
testing and dissection (half to one hour), physical 
optics, physiologic optics, anatomy ana physi- 
oiogy, pnotometry and ctliics (four to six hours). 
The fellowship examination can lie taken only 
by holders of the dioptric certificate. Tlic 
three sections are practical dissections or 
microscopic demonstrations (30 minutes), objec- 
tive and subjective tests (two hours), physiologic 
optics, embryolo^ and physiology, ethics and 
etymology, ophthalmoscopy, prismetry (five to 
seven ana a half hours). 

The examination scheme of the Spectacle 
Makers' Company was brought out and the 
first examinations held in 1898. The scheme 
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was, in 1904, enlarged so as to embrace sight- 
testing. As at present constituted, there are 
three divisions of the company's examination : 
(1) the special examination ; (2) general ex- 
amination ; and (3) sight-testing examination. 
The first, or arts division, is a written examina- 
tion in elementary mathematics, light, optics, 
theory of optical mstruments, and heat, with a 
viva voce examination in the use and adjustment 
of the camera and projection apparatus, the 
telescope and binocular, the microscope and 
sextant. Certain parts of this examination are 
excused to those bolding Oxford or Cambridge 
Local Examination certificates and matriculation 
or similar certificate ; and in the case of phar- 
macists the examination need not be taken, 
as they have already passed a more stringent 
test. The general examination is in three 
sections: (a) a written examination in general 
and visual optics ; (h) viva voce in the same 
subjects ; and (c) a practical examination 
in the optical analysis of lenses, knowledge of 
materials empWed, and workmanship and 
frame fitting. The sight- testing examination 
deals with all sides of the subject of sight- 
testing and the instruments used. The fees for 
the three examinations are: (1) £2 2s. ; (2) £3 3s. ; 
(3) £2 12 b. fid. The headquarters of the 
Spectacle Makers’ Compaq are Temple House, 
Temple Avenue, Ixindon, E.C. These examina- 
tions are the favourite ones with opticians as 
diplomates can take up the freedom of the 
company and of the City of London on payment 
of £i and £1 Is. respectively. A freeman 
may become a liveryman of the Company on 
payment of £22. 

Capital. The ambition of every young 
optician is to have his own establishment ; 
but before doing so he should take care to enlarge 
his experience in practical work as much as 
possible. It is advisable to serve as an assistant 
in at least two positions, and the modern tendency 
is to let at least one of these be with a large 

store” BO as to widen the ideas as much as 
possible. An assistant who has been only in 
a small retail business has often little grasp 
of the extent of the trade done in the palatial 
store businesses of the present day. 

Buftineas Premises. In regard to the 
best position for an optician’s shop this may be 
considered as following the rule of businesses 
depending on public support. By that is 
meant that the best positions for other 
businesses ai'e also the most suitable for the 
optician. When the business is solely devoted 
to that of a sight-testing optician, the shop need 
be only of modest dimensions, but a good space 
is required for the testing-room and a smaller 
room will be needed as a workshop. The space 
availabie will largely influence the apportion- 
ment of these various departments. For instance, 
it is not difficult, by screening a side of the shop 
partially, to carry on sight-testing in the same 
room as serves for retaiung, and in many cases 
the workshop portion is advantageously carried 
on in a part of the shop. 

Capital. The amount of capital reouired 
may be stated at £250, but the b^inner should 
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bear in mind that an optician's business is 
slow in growth, and that it will probably be 
three years before he can judge of the progress 
he has made. For this reason it is well on 
taking premises to stipulate for a three years’ 
agreement, and not to enter upon a long 
lease. The agreement should contain a clause 
giving the tenant the option of taking out a lease 
at an agreed rental. The following is how the 
capital can be roughly apportioned : 


Window fitting and outside signs 

.. £20 

Shop fitting . . 


40 

Stock 


.. 100 

Testing-room fittings . . 


10 

Testing appliances 


15 

Work-room appliances 


5 

Advertising 


10 

Working capital 


60 

£^W 


The outside of the shop of an optician is usually 
painted in black and gold, or at least, some 
dark colour. There is a tendency to create new 
titles for the optician’s shop which, in the 
infancy of the business, is not altogether to be 
regretted. Some opticians give their premises 
such titles as “ Ophthalmic Institute,” “ Sight- 
testing Parlour,’' “Refraction Rooms,” but as 
long as the public can be made to imderstand 
what is meant it is quite open to the optician 
to invent any title he may choose. 

Outside signs in the form of largo gilt spectacle 
frames are good for appealing to the public. 
Such a sign costs from 20s. to 40 b. Enamelled 
copper spectacles (costing from 38. fid. to lOs.) 
may also bo affixed to the window in addition 
to a small amount of copper lettering. A popular 
ornament for an optician’s shop is the coat-of- 
arms of the Spectacle Makers* Company, or the 
crest of the British Optical Association. These 
are obtainable in oast iron, painted in colours, 
or as glass tablets illuminated in colour. The 
last-named are frequently placed inside the 
window along with, or in place of, the optician’s 
diplomas, which the beginner should possess. 

Window Display. The diplomas issued by 
the examining body are handsome productions, 
and, if expos^ in the window, are calculated to 
impress the public. The interior of the window is 
arranged with either ebonised fittings or draped 
with purple velvet. Formerly there was a dearth 
of suitable articles for window display, but of late 
years the problem has been amply solved by 
the wholesale houses. Among the window' 
attractions may be noted models of the human 
eye (costing from 5 b. to 40s. J, charts of the eye, 
wax busts and faces upon which spectacles 
and eyeglasses are fitted, and cards showing 
spectacle in various stages of manufacture. 
The last-named applies partioularly to pebble 
spectacles, lumps of Brazilian c^tal also forming 
a great attraction. Prismoidal glass bloo^ 
of various colours have become a recognised 
ornamentation of the optician’s window. These 
are obtained in sets costing about 30s. per dozen 
pieces. Folders and spectacles are displa 3 red 
on velvet stands which cost from Is. each, and 
sets of lenses showing the various kinds are 



mstrttotive, or, at least, impress the public 
with the fact that the construction of spectacles 
is not BO simple a» it looks. A Crooke*s radio- 
meter never fails to attract passers-by, and it is 
difficult to convince some j^ople that light is 
the only agency that spins the vane. An astig- 
matic clock always attracts. Window tickets 
and a handful of artificial eyes complete the 
F>evereRt fitted window, but the practical man 
will not omit to show such things as reauling 
lenses, eyeshades, lorgnettes, motor goggles, 
and spectacle cases. 

Fittings. In regard to the shop fittings, the 
walls may be utilised for the display of charts and 
diagrams of the eyes, or, better, for showcases, in 
which goods should be arranged The counter 
Fhould be covered by a glass case, in which are 
shown spectacles. Tnese cases may be used for 
the stock of speH^tacle cases and chains, but at 
all times representative samples should be 
exhibited so that the public can see that these 
goods are made in a great variety of kinds. 
A stereoscope may be placed on the counter; 
this and some form of zoetrope is often found, 
particularly in the shops of opticians who sell 
1 cientific instruments. 

Stock. As regards the stock carried by the 
optician, a practical man will have no difficulty 
m apportioning the suggested £110 amongst 
the following items : Spectacles in gold-filled, 
and steel frames, folders, astigmatic clips, eyo 
preservers, coloured glasses, motor and cycling 
goggles, single eyeglasses (rimless, framect, and 
with gallery), lorgnettes (m celluloid and tortoise- 
shell), f hooting spectacles, pocket magnifiers, 
reading glabses, tripod magnifiers, linen pro vers, 
cyegla 8 cords and chains, spectacle and eyeglass 
cases (including chatelaine cases), artificial eyes, 
eyeshades, eyebaths, and lens cleaners. 

Sight>testing Room. This room re- 
quires to be from 10 ft. to 15 ft. long, but by 
using reflected test typos, this distance can be 
halved. The walls should be paint '^d in a dull- 
lead coloured paint, and there should be no 
pictures to dhtract the customer who is having 
the sight tested. The test charts are hung at 
one end of the room, and the patient sits at 
a distance of 10 ft. away, the chair lx*ing ad- 
vantageously placed on a platform. The test- 
charts need to be well illuminated, and if natural 
light be not available in sufficient quantity 
shaded gas jets or electric light must be arranged 
Fo that uniform illumination is given. The most 
important item in the test-room is the trial 
case of lenses, llie beginner is recommended 
to spend at least £10 on this item, as upon the 
accuracy of trial lenses depends Hul^equent 
success in spectacle adaptation. Some opticians 
would include an ophthalmometer as a necessity 
in the sight-tester’s armamentarium. There is, 
however, a difference of opinion as to the use- 
fulness of this expensive item, so that it has been 
thought well not to include it in the estimate. 
The trial case should be placed on a small table 
by the side of the testing cha^r. Reading type 
vml also be needed as well as a trial frame, 
optician’s rules, face measures, and prescription 
l)odk in whidi to record residts. An ophthal- 


moscope may also be included, and in this case 
allowance must be made for the ophthalmologioal 
lamp, which should be of the wall bracket variety. 
A hand mirror must be provided for lady 
cuBtomors, who should be given the oppor- 
tunity of rearranging the hair, which may have 
become dishevelled auring the testing process. 

Practical Sight-testing. This will be 
a convenient place to give an outline oi 
routine adonted in testing sight. The optician 
should staua beside the customer, who is seated, 
and should adjust the trial frame on the face, 
being careful to sec that it is comfortable. As 
each eye is separately tested, an opaque disc is 
put in front of the left eye. The customer is then 
asked to look with the right eye at the test chart 
hanging on the wall, and to indicate which letters 
he can read. If he cannot read as much of the 
type as he should be able to, a f 0‘5 D lens is put 
m the trial frame before the eye that is being 
examined The customer then indicates whether 
he can sec better or not. If the Ions improve the 
vision, the case is one of hyperopia, and the 
operator continues to substitute stronger lenses 
until the one is reached which gives per loct sight. 
If, however, the customer could not see so well 
when the weak lens was used, it is changed for a 
— 0 51) lens, and if this improve ^ matters, it 
will indicate myopia, and the operator will pro- 
ceed to increase the strength of the minus lenses 
until the proper one is reached. It will l )0 under- 
stood that the left eye is afterwards sopa»*«toly 
tested in the same manner. 

C’asos occur, however, in whioh the patient 
does not sec clearly all the radiating lines of an 
astigmatic ^hart, and the ordinary spherical 
lenses must l>e replaced or reinforced by the 
cylindrical lenses. The method is similar to 
that given above, except that the cylinder lenses 
are used and rotated until all meridians of the 
chart are clear to the eye. Presbyopia, or old 
sight, is te8U5d for by the hand-reading typo, but 
astigmatism, liyperopia, or myopia, may also 
present, and hence the distance typo should also 
be employed as indicated above. It is not within 
the scope of this article to include muscle testing, 
or the objective method of sight-testing. Infor- 
mation on these points is to be found in some* 
of the books in the list at the end of this article. 

Workshop. Here the loose lenses are 
kept cither unedged, or of the interchangeable 
variety. The latter are very convenient, but 
not universal, hence it is necessary to stock both 
kinds. Lens testers, opticians’ pliers, screw- 
drivers, soldering apparatus, tweezers, screw' 
extractors, lens drills, a grindstone, and spare 
parts of spectacles and eyeglasses, arc some of 
the articles which are allowed for in tho estimate 
given. A bench will be needed, and if much 
mechanical work is rlonc, a lathe, lens surface 
grinder, and similar larger tools must bo added. 
It is not advisable for a beginner to overstock 
himself with tools, as the wholesale opticians 
undertake to do repairs and Ions fitting 
promptly in cases where these are beyond tho 
mechanical skill of the optician. 

Adwertlslnx. The item included under 
this head is intended to be snent in developing 
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the business and in letting the outside public 
Imow that there is an optician in the town. 
Electros of suitable blocks for newspaper illustra- 
tion or bills cost Is. each. The distribution of 
booklets on eye-defects or test cards is an 
effectual way of advertising. Spectacle lens 
cleaners (made of chamois leather and lettered 
with the optician's name), and placing the name 
of the optician on spectacle cases, are proper 
methods of advertising. The Spectacle Makers’ 
Company do not allow their Fellows to advertise 
in a way which may seem to infringe the province 
of an oculist. 

Profits. The profits of the optical business 
are good, but far from abnormal when one con- 
siders the limits which sight-testing imposes 
upon one individual. Some opticians charge up 
to three guineas for a pair of spectacles, but such 
a fee includes the most scrupulous attention to 
detail in sight-testing, and the finest English 
workmanship in the frame and lenses. A sum 
of ISs. to 21s. is, however, usual for a pair of 
gold-filled folders or spectacles, but steel-framed 
glasses are supplied to workmen and to the poor 
at fees as low as 2s. fid. Prescription work — 
that is, the filling of the prescriptions of oculists — 
is a part of the business that is worth cultivating, 
as not only does such work bring the optician 
under the notice of an oculist, but it makes the 
customer return when repairs are needed. On 
fancy goods such as the optician sells a profit 
of at least 25 per cent, is obtained, these goods 
including spectacle cases, lorgnettes, and mag- 
nifiers. The business is, or should be, a cash one. 
It is this feature that makes an optician content 
with what is otherwise a slow-moving and 
somewhat tedious business. 

Trade and Technical Literature. 
The following are the chief books and trade 
journals of interest to opticians : 

“ The Optician,” weekly ; ” The Dioptric 

Review,” monthly ; “ The British Optical 

Journal,” twice monthly ; Hartridges’ “ Refrac- 
tion of the Eye,” fis. (Churchill, London) ; 
Taylor & Baxter’s “Key to Sight-Testing,” 
7s. fid. (Taylor, Birmingham) ; “ Opticians’ 

Handbook,” 3s. fid., (“ The Optician ” Office ;) 
Druiff’s “ Refraction,” 10s. fid, (Anglo-American 
Optical Co.) ; Thorington’s “ How to Refract,” 
7s. fid. (Rebman, London) ; Blair’s “ Errors of 
Refraction,” 2s. fid. (Bailliere, London) ; Mad- 
dox’s “ Golden Rules of Refraction,” Is. (Wright, 
Bristol). 

For the academic part of the Spectacle 
Makers’ Examination special books are recom- 
mended, a list being given in the syllabus of the 
examinations. 

PAINTERS AND DECORATORS 

Painting and decorating is a business in 
which both artistic and commercial ability 
should combine to produce a good income and a 
satisfactory position. Artistic ability is essential 
to the higher ^ades of the business, though a 
secondary consideration in more ordi^ry grades 
where sufficient guidance is furnished by wents, 
who may show passably good taste in their 
selections from ready-made materials. Com- 
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mercial ability is essential to success in all grade 
of this business, for special reasons. First 
there is an extremely busy season during foui 
or five months of the spring and summer, i 
moderate season of one or two months in the 
autumn, and a universally slack season for foui 
or five months in the winter. 

Organlaing the Work. In these circum' 
stances a good organiser will constantly aim at 
modif 3 rmg the extremes, often securing, by judi- 
cious argument, the indulgence of his client as 
to time for the commencement of work, enabling 
him to maintain with fair regularity an efficient 
staff of men upon whose services he can depend 
to carry out the operative part of the business 
with credit and profit. Bad management in 
this detail would involve the necessary employ- 
ment of unknown workmen at critical times. 
In estimating the cost of work, also, there is a 
point which the indifferent manager may over- 
look, and that is the wear and tear of brushes, 
tools, and plant, which should be charged on 
an average at from 7J per cent, to 10 per cent, 
of the separate net value. Another point of 
commercial value is the economical manage- 
ment of material. So important is this point 
that in some large successful firms a special 
clerk is engaged to watch and record the use 
of materials only. 

The Composite Business. The busi- 
ness pays well in the season if well managed, 
but the winter slackness has to be reckoned 
with and in one way or another provided 
for. Sometimes another business is run in 
conjunction with painting and decorating, such 
as plumbing, which is usually busy when 
painting is quiet. Some of the most successful 
concerns, however, have been built up without 
the aid of any other trade, except such as may 
be described as auxiliary to that of the decorator. 

The employment of competent workmen to 
effect the operative part of the business will give 
some concern to the beginner. Personal super- 
vision of work in progress is always advisable, 
either by the master or by a competent foreman. 

Capital. On the subject of capital, an 
important point is that it is usual to extend a 
term of credit to a very considerable section of 
the trade’s supporters — namely, house agents, 
whose custom is to have current accounts, and 
to pay quarterly, or at other periodical intervals. 

Contrary to the usual run of shopkeeping, 
capital in this trade is not wanted chiefly for 
goods in stock for sale, nor for materials to be 
used on the work, but will be required to pay 
the wages of operatives while work is in progress. 
Wages in the painting trade average from ^ per 
cent, to 75 per cent, off the net cost of the work, 
which may not be returned for some months. 

It has b^ said that a small business could 
be started on a capital of £fi0. From the 
foregoing particulars it wfil be clear that the 
sum nam^ would suffice only for the smallest 
possible business with barely such equipment as 
would serve the req^uirements of two or three 
workmen at most, without margin for extension 
of credit and ordinary risk on occasion, and 
without stocking any materialB. 
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For a concern capable of dealing independently 
with the average requirements of a moderate 
class business in the present day, it will be 
readily admitted that a sum of at least four 
times that named above, or, say, from £250 to 
£300, should be available. 

Credit. A partial set-off against the credit to 
be given is that when a business is well estab- 
lished the manufacturers and merchants who 
supply the trade offer similar credit for materials 
us^ It follows, therefore, that with reasonable 
good fortune a business should adequab^ly finance 
itself after, say, the first year, with reasonable 
progression. 

A considerable part of preliminaiy outlay will 
be for painters’ brushes, tools, and scaffolding, 
such as step-ladders, planks, long and short 
stave-ladders (for outside painters’ work), hand- 
carts, etc., none of which will be directly cliarge- 
able to any client's account, and can be recovered 
only by tlie charge of a proper percentage already 
named for indispensable wear and tear. It must 
also bo remembered that the master is responsible, 
under the Employers’ Liability Act, for the safe 
(‘ondition of all scaffolding, and must lie pre- 
pared to compensate any workman who may 
receive injury through defect therein. This is 
usually covered by insuring, and the premium 
paid must be charged to the account for main- 
tenance of scaffolding. 

l^eliminary expenditure on materials may 
be limited to the needs of the \\orkshop, as the 
modem custom of ki‘eping little or no stock of 
paperhangings or other decorative fabrics, now 
mainly sold from the attractive pattern books 
supplied (freely as a rule) by the merchants, 
leaves the investor free to apply that capital 
in other (lireetions. 

New Work. On account of special con- 
ditions as to weekly payments, up to about 
SO per cent, of the value of work accomplished 
lieing usually negotiable for painters’ work on 
new buildings, beginners find this class of i/iork 
a conveni*)nt stepping stone to more desirable 
imgagements. But the same ready money 
prospect also operates in the cutting down of 
prices, until the older firms decline to tender 
for new work as there would be no profit out 
of it to them, while the smaller master would 
probably work personally with his staff, and 
by watching every point of vantage or chance 
of leakage with a zeal not to be expected from 
the best of foremen, may secure a profit at a 
price low’cr than would be accepted by his 
competitors. 

Showroom. A minor business such as 
that quoted at £60 may possibly be conducted 
without the c sbablishment of a showroom, but 
not so the moderately good class business, with 
a progressive future. It has already been 
mentioned that the modem custom of selecting 
wall-papers and other decorative fabrics from 
the l^dsome sets of pattern-books supplied by 
the wholesale merchants has largely cusplacea 
the old custom of keeping a vari^ stock of 
saleable (and unsaleable) g<K)ds. 

The h^her class goods are made up in large 
“stand” books that may be displayed in an 
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upright position on the floor of the showroom. 
For convenience of carrying to clients’ own 
addresses for selection to be made, some 
merchants supply also a smaller-sized pattern- 
book of the same contents, and this will rest 
on the showroom table among other similar- 
sized books containing patterns of the various 
grades of lower class goods. It is the general 
custom for the merchants to mark on the back 
of each pattern the full retail price, from which 
a substantial discount of 33,^ per cent, is 
allowed to the trade, no part ot w'hich should, 
in justice to the responsibilities of the business, 
be sacrificed to the client. 

Both merchants and manufacturers supply 
the trade in this way, but the merchants will 
be found the most convenient to the beginner 
as their selections are made annually from the 
various manufacturers’ productions and arranged 
in harmonious ” sets,” thereby presenting ^eat 
variety. Their pattern-books are distinguished 
generally by vague titles, such as “ Royal Court ” 
wall-papers, or other fancy name, the identity 
of merchants being known only to the trade. 
Every pattern inserted in the liooks is kept in 
stock during the season — extending generally 
from September of one year to September of 
the following year — and sometimes a successful 
pattern may be carried forward from one season 
to another. 

Showroom Fittings. The walls and 
ceilings of the showroom should be decorated with 
different materials in a variety of styles to show, 
say, three methods of treating a drawing-room, the 
same number dining-room schemes, and a fewer 
numlx^r of schemes for other apartments as space 
may allow, separating these into sections by the 
us#' of mouldings that may be shown as samples 
of panel, picture, dado, or other mouldings used 
in similar positions occasionally by the decorator 
in the conduct of his business. These s ‘ctional 
f'xamplcs sliould each bo a display of good 
taste and careful workmanship, to inspire con- 
fidence in the customer as A^ell as suggesting 
suitable modifications and colour harmonies, 
blending or c-ontrasting, brilliant, mc'dium or 
sulidued in tones, light and airy or d(‘op and 
rich, as occasion may require. Examples of 
painted woodwork should also be found in 
some variety in every showroom. These may 
take the form of doors, panelled on both sides, 
and hung upon (losts between the sections of 
wall decoration so as to swing cither way and 
display suitable varieties of painting in harmony 
with the wall schemes. On<^ side of a door 
may be finished in a variety of grained woods, 
such as oak, mahogany, walnut, pitch-pine, 
maple, etc., as the painted imitation of these 
woods will be occasionally called for. 

Fitments, such as a cosy comer,” where 
clients may sit while selecting their wall-papers, 
etc., and an arched screen between showroom 
and office, from which artistic drapery may 
hang, and in which ornamental stain^ glass or 
leacm lights may be effectively displayed, 
should find room when possible, because it 
frequently comes within a decorator’s province 
to recommend and supply such fitments to 
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complete the decorations of a house. These 
are usually white enamelled with good effect. 
The screen need not bo liigher than seven or 
eight feet, allowing ventilation and light over 
the top. In front of this screen there may be 
brass rods, fixed several inches from the wood 
over which sample rolls of wall-papers may be 
hung for display when required. 

A long, low table with shelves underneath, for 
the display of smaller pattern -books, colour 
studies, etc., a few comfortable chairs, and the 
indispensable good carpet or linoleum on the 
floor practically completes the up-to-date sho\^- 
room. 

Special Discount off Showroom 
Goods. It may bo noted that manufacturers 
and merchants to whom the decorator will give his 
orders for wall-hangings will usually supply all 
necessary wall-papers, relief materials, etc., for the 
decorative display above recommended, or to be 
fixed upon the showroom walls and ceiling, at 
the exceptional discount of 75 per cent, from 
list prices. 

Shop Window. It is generally to the 
advantage of a good class decorator's business 
to make but little display of goods in the window. 
A white enamelled screen (hviding the window 
from the showroom may be made to support 
a simple pleated curtain of unobtrusive art 
shade as a background, and a linoleum of sub- 
dued contrasting colour on the stage flooring, 
with one stand pattern-book opened at a pleasing 
decorative scheme, showing perhaps a deep 
attractive frieze with harmonious filling, and 
maybe a yard or so of rich brocaded silk draped 
over one end of this, will as a rule impress the 
right people in the right direction for good class 
business far more than a heterogeneous assort- 
ment of many samples. A pretty and always 
attractive addition to the window display is an 
ornamentally-designed easel, upon which rests 
a picture* or a small-scale dra>\ ing of an interior, 
drawing or dining-room, billiard-room, hall, or 
other example of decorated work in colours, 
which may be obtained from the trade journals 
or from special artists if the decorator does not 
produce such drawings himself. 

Wall-paper Stock. Where business 
prospects reasonably demand the keeping of a 
stock of wall-papers, this stock should generally 
be confined to the more ordinary kinds and lower 
qualities, in the sale of which there is less 
fastidiousness to contend with than in the 
higher-priced goods for best rooms. 

The manufacturers and merchants quote 
specially low prices for “ stock ” orders, in 

bales ” of stated quantities, as a minimum 
total. This compensates the decorator for 
special risks and^ enables him, when his stock 
patterns are selected from the pattern-books, 
to net an extra profit, while losses upon rem- 
nants costing, say, from 2^. to 6d. per roll of a 
dozen yards — of which the average room requires 
from seven to ten pieces — ^will never amount to a 
very large sum. 

A moderate outlay on these goods, say £30 
or thereabouts, would be adequate for a start and 
might be made to embrace 70 or 80 varieties 
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in lots of 25 or 30 of each, with a total of about 
2,000 rolls in all. These will be renewable as 
required during the current season, and renewals 
should always be compared for exactness of 
shades before placing into stock, and any 
variation should be kept apart from previous 
stock. 

Bnclosed shelves or “ racks ” Mill be required 
for convenient storage of these jpods. The 
carpenter’s work for construction of such racks 
as usually made for the purpose, may be sot 
down at about 50s. per 1,000 rolls it is intended 
to place in stock. Each division of square 
shelving should hold about 30 or 50 pieces for 
careful and economical manipulation. 

Sale-shop. In connection with a good 
class business in large towns there is very Tittle 
cash trade usually carried on over the counter 
in the form of sales of mateiials only, though 
when a stock of paperhangings is laid in it 
becomes a paying department in a district where 
there is a considerable section of the public 
accustomed to buy these goods, arranging 
elsewhere for fixing. This is especially the case in 
country market towns. 

Ready-mixed Paints. A profitable 
addition to this department will be a stock 
of ready-mixed paints in lever-top tins of 
saleable sizes, such as, 1 lb., 2 Ib., 4 lb., 
and 7 lb. These are obtainable in various 
qualities from most paint manufacturers. A 
good quafity sold at a fair price will be the most 
profitable in the long run, as the commoner 
qualities have poor covering power, and are apt 
to liecome viscid by remaining in stock. 

Paints ground to a stiff paste in linseed oil, 
such as white lead, ochres, umbers, reds, blues, 
greens, etc., may be likewise saleable, and could 
be kept underneath the sales counter in small 
kegs, covered with a little water (renewed daily), 
and a small wooden spatula kept in each would 
serve to supply the required quantities. A 
horizontal scale or spring balance for weighing 
these will be required. 

Oddments of Stock. Painters’ oils and 
varnishes will form other items of probable 
sales in this department. These are sold by 
measure, usually by the gallon, half gallon, 
quart or pint. In varnishes the sales will 
generally be confined to three or four varieties, 
such as pale and hard oak varnishes, black Japan, 
stains, etc. Makers supply these made up in 
small sized sealed tins, for convenience of sale 
Painters’ oils and spirits are not put up in this 
form, and must be sold from bulk. 

Painters’ brushes, tools, and sundries are 
likewise saleable stock, and may generally be of 
cheaper qualities than used by the trade work- 
men, as those who buy for a mere temporary 
purpose can seldom be induced to pay the price 
of the quality necessary to the expert. 

Glass-cutting may also be a profitable branch 
of the sales department, but would be best 
conducted in the workshop. 

Profita. It will not be found profitable to 
conduct this business on a margin of less than 
33^ per cent, gross — ^that is, one-third of the 
selling price — ^to represent profit, which is the 



trade discount officialiy arranged by the mer- 
chants and manufacturers in pricing their 
pattern- books. 

Workshop and Stores. The store and 
paint-shop may be together or separate ; the 
workshop is better separate where space permits. 
They are usually situated in back premises, 
and should be convenient for delivery and des- 
patch of heavy loads by horse vans, with, if 
possible, a good yard for storage of long ladders, 
planks, scaffolding, hand-carts, empty paint 
casks, etc., and a “ lime-pit ” for slaked “ putty 
lime ” (used in repairing plaster work prior to 
painting and paperhanging, and for lime wash- 
ing) ; covered sheds are usually provided for 
these items. In the stores, shelving, in several 
tiers above a bench, fitted around the walls 
may contain all the dry colours — in tins or strong 
pajper bags, as delivered, the more expensive 
coloured pigments ground in oil and tur- 
pentine, such as lakes, siennas, Vandyke brown, 
drop black, and decorators’ large tube-colours, 
also the stock of varnishes, enamels, and the like, 
while from hooks in the ceiling should be hung 
the reserve stock of empty paint -kettles. 

Storing Stiff Paints. The heavy paints 
for ordinary use ground to a paste with 
linseed oil, such as white lead, ochre, umlier, 
reds, blacks, driers, etc., may lie stored under 
the lienches, where they are easily obtained 
as required by opening the kegs, keeping 
a little Mater on the top of the paste to prevent 
it drying, and Mith a trowel or strong wooden 
spatula in each A good spring balance should 
find a place on the bench, so that every artick* 
taken out may be weighed and booked, to- 
gether with the name of the client or job for 
which it is taken, the same care being taken to 
book all returns, with similar particulars, adding 
the dates in each case. Near the scale on the 
bench should bo a small desk, on which is always 
to be found the “ workshop day Ixiok.” specially 
reserved for the entries just named, from Mliich 
the general liookkeeping of the business nia\ 
from time to time Ihj accurately made up. In 
the centre of the store a square table coveied 
with baize should be reserved for glass-cutting, 
and in a safe corner racks provided for glass. 

The workshop should be fitted with lienchch 
with one or two shelves alxive, and drawer^ 
beneath, occupying two sides of the room, 
preferably with north and west aspc'cts, as it is 
desirable to avoid direct strong sunlight for 
paint mixing. Some pigments are of a more or 
less gritty jioMder, and occasional grinding of 
these call for the provision of a paint-mill (small 
hand-power cone mill), usually screwed down on 
the bench of the workshop, and also of a paint - 
slab, with a stone muller ” or hand-grinding 
stone upon it. A good slab is one of thick plate 
glass, ground to a veiy level surface, and set 
in a bedding of cement or white lead putty, 
with its frame bevelled off, and screwed down 
to the bench, A granite cobble stone cut into 
halves will make two good mullers or grinding 
stones. 

Oil StoraC^. In a comer of the n'ork- 
shop or stares a place must be found for 
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three oil -tanks, or a stillil |(4 on which the 
export barrels may be plao^ when received. 
The former is the best plan, as there is some- 
times leakage and loss from keeping the 
oils and turpentines in the wooden Imrrels as 
supplied by the merchants, due to shrinkage of 
the wood. Each of these tanks may contain 
from 50 to 150 gallons of liquid, and is fitted 
Muth a tap near the bottom for drawing off the 
oils as required. One will contain raw linseed 
oil, another boiled oil, and another turpentine, 
all of which are indispensable to the mixing of 
various paints. 

In another corner bins are required for the 
storage of whiting and plaster. These should bc> 
in the driest corner and kept dry by being 
slightly raised from the ground. 

A pickle cask, large enough to hold from 10 
to 20 paint -pots and kettles, should find a place 
under one of the lienches. In this a solution of 
strong soda or caustic soda should be kept, and 
dirty paint -pots be placed in it as returned from 
operative work. They may bo removed the 
folloMing day, and will easily ho made fresh and 
clean by washing in cU‘an water to be ready for 
further work. 


Smudge Pote. Any old paint mixed and 
returned as Huq)lus from work done should U* 
carefully saved, and cmptit»d mto receptacles kept 
under another Inmch for the purpose. Those ro- 
ceptael(‘R are called amvdge pita — one is rt'sorve 
for white, another for pale colours, another 
dark colours— and within a reasonable spM^i’bf 
time the contents of these smudge pots jply ho 
used for ordm..ry work, or at later perionform 
good addition to red lead paint for priJ^ new 
Mork. 

On the shelves above the paint- bei|ii(^iOB will Ik* 
kept small jars of all usual paint ingredients, to 
be handy for frequent use, also peuetto knives 
and cleaning rugs, of which there should bt' 
ample quantity, to prevent wasteful and objec- 
tionable untidiness. 

On one of the lienches small articles such as 


iiotic*t» boards, door-plates, etc., may bo painted 
and lettered, also any embossing or gilding on 
glass may be carried out, while the centre of the 
workshop may be reserved for pieces of furniture 
under pnK'css of painting, large simboards upon 
easels, for lettering, etc., and the two blank 
walls not yet dealt Math may be boarded and 
reserved for sketching out plans of wall or ceiling 
decorations from time to time, ns occasion may 
require, to facilitate the actual work when 
operations are commenced. 

In the drawers under the paint- benches may 
be kept the decorator’s fKmeils, tube-colours, 
palettes, etc., also stencil patterns, gilders* 
materials, and other small items of value, or 
for occasional usi*. 

In beginning business, so many articles are 
required that it is a matter of some difficulty 
to keep within small expenchturo. But 1^ 
first making sure of indispensable articles in 
minimum quantities, and by adding small 
quantities the remaining requirements, any 
short^e or omissions can be made up as 
occasion may require. 
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Stock for 3¥orhohop and Stores. On 

these lines, the following list may be taken 
as a minimum stock to start a business where 
work for at least half a dozen men and one 
apprentice may be anticipated. The prices are 
set down at fair averages, though some of 
the leading items are subject to considerable 
fluctuations according to rise and fall of markets. 


l*LANT i K. d. 

8 )on^ loddei's, OBHortod sizes, from 10 ft. 

to 40 ft. lenatli . . . . . . 7 0 0 

12 pair assorted stop ladders, 5 ft., 7 ft., 

and 9 ft, . . . . . . . . 5 0 

2 pair 9 ft., and 2 pair 11 ft., pain*ors* 

trestles . . . . . . . . . . 4 HI 0 

3 doz. scaffold planks (2 in.), assorted, 

6 ft., to 16 ft. loupe S 10 0 

2 paperluingers* folding tables and trestles 2 5 0 

2 hand ]>arrc)WB, with steel springs . . 14 10 0 

WORKSHOP AND STORES FITTINGS 

(described above) 

CarpenUn's* work, say , . , . . . 16 0 0 

Paint mill, say . . . . . . . . 3 0 0 

Muller and slab, say . . . . . . 10 0 

2 strong easels, say . . . . . . . . 10 0 

(j|as, or electric fittings, suy . . . . 3 0 0 

3 oil-tanks, say . . . . . . . . 6 0 0 

Spring balance, and sundries, say . . 10 0 

STOCK OF PAINTS, OIM, VARNISHES, BROSHES, etc*. 

Turjientino, 1 barrel (3 owt.), say . . 6 10 0 

Raw linseed oil, 1 barrel (3 owt.), say . . 4 10 0 

Roiled linseed oil, 1 barrel, (3 cwt. ), say 6 0 o 

White lead ground in oil, 5 cwt. . . . . 6 5 0 

Zinc white, ground in oil, 3 owt. .. .. 3 18 0 

Patent driers, ground in oil, I cwt., say .. 10 0 


Oxford ochre, ground in oil, 1 owt, say T. 114 0 
Raw Uinbor, Burnt Umber, Venetian 
Red, Indian Red, Brunswick (Ireoiis 
(light, middle, and deep), and vege- 
table Black, all ground in oil, of each. 


1 owt. (at average prices), total .. 3 10 0 

Prussian Blue, Raw Sienna, Burnt> Sienna, 

Vandyke Brown, Orange Chrome, 

Lemon Chrome, ground in oil, of 
each, 7 lb. (at average prices), total. . 2 15 0 

Drop Black, ground in turpentine. 14 lb, 0 14 0 

DRY COLOURH. 

French ochres, Venetian Red, Raw Um- 
ber, Burnt Umber, Lime Blue, of ea<‘b 
I cwt. (at average prices), total . . 2 10 0 

Indian Red, Lime Qroeiis, Vormiliorietto, 
and Ultramarine Blue, of each 7 lb., 
total . . . . . . . . . . 110 0 

Vermilion (Genuine) 7 lb. . . . . , . J 6 0 

Lemon Chrome, Orange Chrome, Middle 

Chrome, of each 7 lb. . , . . 15 0 

Dry white lead, dry red lead, of each 14 lb. 

total . . . . . . . . . . 0 10 0 

10 cwt. best Paris whiting .. .. 10 0 

VARNISHES AND ENAMELS 

6 gal. (in 1 gal. tins) best copal oak var- 
nish (for outside) 2 10 0 

5 gal. (in 1 gal. tins) best copal oak var- 

nish (for inside) . . . . . . 2 10 0 

6 gal. (in 1 gal. tins) common oak \ar- 

nish (hard) . . . . . . . . 2 0 0 

1 gal. (in 4 gal. tins) decorators* carriage 

varnish . . . . . . . . . . 0 16 0 

1 gal. (in 4 gal. tins) extra pale Maple 

vamisll . . . . . . . . . . 0 14 0 

1 gal. (ill ^ gal. tins) ivory white enamel 

(alow sotting) . . . . . . . . 110 

1 gal. (in ^ gal. tins) snow white enamel 

(slow setting) . . . . . . . . 110 
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I gal. (in 4 gal. tins) black Japan . . 0 16 U 

1 gal. (in I gal. tins) Brunswick black . . 0 8 0 

1 gal. (in 1 ged. tins) japanners* goldsize .. 0 10 0 

1 gal. (in I gal. tins) Terobine 0 10 0 

1 gal. (in j gal. tins) patent knotting . . 0 10 0 

WINDOW GTJLSS 

One crate, say . . . . . . . . 2 10 0 

SUNDRIES 

Putty (best), picked lump pumice stone, 

of each, j cwt. . . . . . . 10 0 

T’uinico stone powder, 14 lb. . . . . 0 7 0 

Glass paper, 1 roam, assorted sizes, (Nos. 

00, and 1) 0 15 0 

Powder size, ^ owt. (best quality) .. I 15 0 

Old oil goldsize, 1 lb. . . . . . . 0 3 6 

(tilders* oushiuns, knife and 3 tips . . 0 3 6 

Gold leaf, 6 books; transferred gold leaf, 

5 books . . . . . . . . 0130 

Filling uj) composition, 14 lb. . . , . 0 7 0 

Paint remover (solvent ), 14 1b. .. .. 0 7 0 

Spirit lamp for burning off old paint .. 0 12 6 

Paint strainers, 1 doz. (patent deiacliable 

gauze) . . . . . . . . . . 10 0 

Brush holders, 1 doz. (patent suspenders) 1 5 0 

Paint pots and kettles, 12 doz. assorted 

sizes, say . . . . . . . . 5 0 0 

Stencil pins, 2 doz. . . . . . . . . 0 10 

Steel graining combs, one set in cose . . 0 2 6 

12 covering sheets (rough sbootiiig, 2i yd. 

wide, cut into 5 yil. lengtlis) . . 3 0 0 

6 paleitf) knives, 3 ])Utty knives, 3 strii|)- 

ping knives, say .. .. .. 0 10 0 


PAINTERS* BRUSHES 

Ground brushes, size 4/0, 2 doz. (oval shape) 7 0 0 

Knglish sash tools, sizes, 2, 6, and 8, 1 doz. 

each (best) .. .. .. .. I 16 0 

Bevelled varnish brushes, size 3/0, best 

lily bristles, I doz. . . . , . . 3 16 0 

Bevelled varnish sash tools, size 5, best 

lily bristle, 1 doz, . . . . . . 0 12 0 

Distempering brushes, I doz. 2 knot, 8 

ounce, best quality * .. .. .. 2 15 <) 

Stipplers, 2 only, size 8 in. by 6 in. . . 1 8 0 

Hog-hair fitches (fiat and round), assorted 

sizes, 2 doz. . . . . . . . . 0 6 6 

Lining fitches, 1 doz. assorted, ] in., I in., 

and 1 in, . . . . . . . . 0 6 6 

Stencil tools, 1 doz. assorted J in., and 1 in. 0 10 0 

Graining mottlers, ^ doz. assorted . 0 6 0 

Graining ovorgrainer, assorted . . . . 0 3 6 

Badger softener, size 3 in,, best quality . , 0 10 0 

Dusting brushes, 1 doz. . . . . , , 10 0 

GRAND TOTAL about 170 0 0 

'J^otalling up the above figures, and adding the 
cost of fitting out the showroom and offices, 
apart from stocking the (optional) sale-shop, 
it will be seen that the preliminary outlay 
necessary to the independent conduct of this 
business in a moderately good way amounts to 
a round sum of £ 200 , or thereabouts, including 
£30 for the showroom and office decorating and 
furnishing, leaving a <noderate balance of £100 
in the bank out of the £300 recommended as 
starting capital with which to meet wages and 
other current working expenses, ^nding the 
receipt of cash returns, which should, with good 
management, steadily add to the capital avail* 
able for reasonable expansion of the business as 
the due result of technical and commercial 
ability on the part of the organiser, upon whom 
all depends. 


Continued 


4148 







MIOMAMIML INCIINnillilO 

corresTOnds with the different modes of actuating 
the chisel, that, namely, by percussion, with 
hammer or mallet, and that by simple thrust alone. 

Chisels. We shall now trace the elementaiy 
chisel form through numerous tools in which 
it is embodied, taking first the common chisels 
used by woodworkers [2]. In the firmer, paring, 
mortise, socket, or other varieties, the cutting 
angles vary but slightly, the difference in the 
tools consisting chiefly in length, substance, 
and method of handlmg. Also, in all these 
alike the whole of the bevel is imparted to 
the top or back face ; never in the least degree to 
the front, or cutting face. Directly, whether by 
desim or by inadvertence, that face begins to 
be dubbed up^ as the term is — that is, immedi- 
ately it loses its character of a perfectly flat 
plane — its value as a chisel is impaired, because 
it loses the property by virtue of which it is 
capable of producing a surface perfectly true, 
and for the production of which the chisel face 
must be a counterpart of that surface. Hence, 
in grinding a chisel the bevel is always given 
to one side only, and in sharpening, the bevel 
is renewed, or perpetuated on the one side only. 
For, though the carpenter rubs his chisel upon 
the flat face alternately with the back, he only 
does it for an instant, and for the purpose of 
throv^g back and detaching the fine burr, 
or wire edge^ that is product in the act of 
sharpening, and which, being thus removed, 
leaves a keen continuous cutting edge. 

Other Wood-cutting Tools. The same 
remark applies to the adze [8, A], which is 
ground ehisel-like, the whole of the bevel being 
on the inner or upper face. The face which 
lies against the face of the work is not bevelled. 
But it is not flat or straight like the face of 
the chisel, because the adze is not thrust along, 
o vertically downwards like the chisel. It is 
swung in a radius, and being used in this fashion, 
the face is convex, the radius of the face very 
roughly corresponding with the radius of the 
circle in which the tool is swung. Hence an 
adzed surface is never straight, but is formed of 
a sucicession of depressions like minute wavelets, 
differing in this respect from the surface left 
by a plane or a chisel. 

Taking the axes fS, B], we find that there is 
no flat face which corresponds with the face of 
the chisel or of the adze, but there are doubly 
bevelled and equal edges. Hence it is not 
possible with the axes to produce a true surface 
in the sense in which it is possible to do so with 
the chisel, because the guiae principle is lacking. 
And neither of these' tools could be us^ by 
simply push or thrust alone ; the actuating force 
must be purely percussive. 

These elemental^ ideas respecting the mode 
of action of cutting tools will be recognised 
again presently in tools the relations of which 
to the chisel are not at once apparent. We ^ve 
two elements — the evUing face and the cutting 
angle, the first practically coincident with the 
face of the material being operated on ; the 
second ranging from 20 deg. to 35 deg. or there- 
abouts in thinly ground and thickly sharpened 
chisels respectively. 
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Forms of Chlaalo. Looking at the group 
of chisels in 2, observe the high degree of 
snecialisation to which they have attained since 
the days of the old bronze users. The firmer, A, 
paring, B, mortise, C, socket, D, coachmakers', E, 
or millwrights’, carvers, F, and the turners’ [4, Al, 
are each different in substance, mode of hand- 
ling, and of use. 

fte only difference in the firmer. A, and the 
paring chisel, B, lies in the length. They are both 
thin and light, but the paring tool is about twice 
the length of the firmer, and is used for shaping 
over large surfaces, across which the firmer would 
not reach. The mallet is frequently employed 
to actuate the firmer chisel, but is seldom used 
for the paring tools. The millmigUa" chisels 
arc as long as paring tools, but about twice as 
stout, and they are employed for the heavy 
toothed-gearmg and other work about mills, for 
which the lighter chisels would bo unsuitable. 
The coachmalcers^ chisels, E, are a compromise 
between the millwrights* and tlie firmer tools, 
being used indifferently by hand thrust and by 
malleting. 

The mortise chisel, C, is, as its name implies, 
designed for cutting out the mortises in timber, 
and is always driven to its work with the mallet. 
The socket chisel, D, derives its name from its 
peculiar mode of handling. The tool, instead of 
being tanged, as is the case with all other chisels, 
is provided with a socket into which tlie handle 
is driven, in this respect being a' survival from 
the ancient days of the bronze users, for they 
socketed nearly all their chisels. F is a bent 
mortise chisel, the lock mortise or dog leg chisel. 

The turning chisel [4, A] is a p^uliar example, 
and forms almost a group by itself, the only 
tools approaching to it in form being the timber 
scribe, and carvers’ comer chisels. It is 
doubly bevelled like the axe, and its edge is 
bevelled transversely, so that the tool cuts in a 
diagonal direction. It is placed at a tangent to 
the work, and the action when in this position is 
purely cutting, never scraping. In skilful hands 
it is a most clean-cutting and efficient tool. 
A very wide chisel with a single bevel is the draw- 
knife, B, used for roughing down edges and narrow 
faces. 

There are a considerable number of chisels 
made for special trades, the most curious of which 
are comers^ chisels [6], in which, in consequence 
of the irregular character of the work, various 
outlines are given to them. The chisels art' 
straight, and bent [6], A, and right and left hand 
corner, B, and 0. ITie vee tools, D, E, F, or parting 
tools, are like double chisels, and are used for 
working out vee-shaped grooves and angular 
comers. These are also straight and curved, and 
of more or less acute angles. 

Chiaela for Metals. The engineers’ 
chisels for metal are all formed on the same type 
as the cold chisel [6, A]. This is a doubly bevelled 
tool, always driven by the percussive action of a 
hammer, as at F. It does not split at all, but cuts 
by the edge only, so severing just so much of the 
material as it is in actual contact with, differing 
in this respect from the axe and hatchet, which, 
operating on soft and fibrous timber, split and 
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divide the grain in advance of the cutting edge. 
Cast and wrought iron, steel and brass are attacked 
easily with the cold chisel. Its edge may be 
straight, or slightly convex crosswise, but never 
hollow, since &at would cause the tool to draw 
in. There are other chisels made on the same 
principle, but named according to their specific 
purposes or forms, as the cross cut or cape chisel 
the diamond point or nicker, C, th^ cow- 
mouth, D, the round nose, £ ; and the smiths' hot 
and cold setts \7, A to D], anvil chisels [7, E], etc., ' 
all of which are operated percussively. 

There is a group of turning chisels for wood 
which do not cut at all, but simply scrape, their 
faces being presented normally to the tangent of 
the surface of the work. These embrace the 
firmers, the round nose and side chisels, the 
hollow chisels, and other tools of special outline, 
the edges of which are the counterparts of the 
profiles of ornamental turned work in hard 
woods, ivory, and metals. 

Gouges. Gouges, which are a large family, 
arc strictly chisels, differing therefrom only in the 
plan view of the edge, which forms a curve or 
sweep, more or less flat, or quick. Hence the term 
“ hollow chisels ” formerly applied to them. 
Necessarily, gouges are made in an extensive 
range of curvatures. A gouge of veiy large radius 
is flat, one of very small radius is quick ; middle 
fht designates some intermediate curves. But 
there are six series of curves made, so that a 
gouge of any width can be had in six different 
curvatures. The widths made range from J in, 
to 2 in. Almost every type of chisel has its 
counterpart in a corresponding gouge, so that 
there are firmer [8, A], paring [8, B], carving [9], 
millwrights', turning, etc., all having the same 
characteristics as the chisels. There is one other 
distinction, however, of importance, and that is 
the division into inside and outside gouges, 
according as the bevel of the tool is ground off 
on the inside or outside sweep. Paring and 
millwrights' gouges are ground on the inside ; 
firmer, carvers’, and turners’ gouges upon the 
outside. The former are therefore used only for 
straightforward cutting ; the firmers and carvers 
are employed for shaping concavities. The 
turning gouge operates along a line simply, the 
work revolving. 

Handles. Tlie handling of these tools is 
that which is best adapted for their special 
work. The mortise and socket chisels [2, C, DJ 
awe provided with the stoutest handles of all, to 
withstand the shocks due to continued and hard 
percussion ; the firmer [2, A] and carvers’ and 
parting tools [5] are lightly handled, their out- 
lines varying with taste and convenience. The 
turning tools f4. A] have long handles to enable 
the workman to maintain firm grip and leverage 
against the shocks and forces tending to throw 
them away from, and to damage, the work. 

Planes. The tools hitherto considered have 
no control save that afforded by the steady 
coercion of the workman's hands, maintaining 
due pressure between the tool faces and the 
faces of the material. In the planes a great 
advance is made. Set and coerce a chisel in 
a stock of wood or metal, and we have the plane 
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which produces accurate surfaces, the stock 
exercising the necessaiy control. But in the 
planes we meet with an apparent c^parture from 
the principle previously stated that the cutting 
face of the chisel should be as nearly as ^ssible 
coincident with the face of the material. The 
cutting irons of most planes are set at an angle of 
4.5 deg. in their stocks [10], the exceptions being 
unimportant and few, chiefly aflecting planes of 
a special character, and some of those used for 
hard woods. In the spokeshave [11], which is a 
kind of bastard plane, exact coincidence exists 
between the cutting face and the face of the 
material, yet the spokeshave does not approach 
the planes in value. The reason is apparent. The 
want of coincidence of the faces of tool and work 
receives compensation in the planes by the stock, 
the long face of which coerces and controls the 
iron, rendering its cutting action practically 
identical with that of a chisel, while the spoke- 
shave embodies the guide principle only in a very 
minute degree — so little, in fact, that though it 
cuts sweetly, it is unable to produce accurate 
surfaces. 

The efficiency of the plane, therefore, is due 
to its stock, in the absence of which the iron, 
being set at an angle, would be drawn in, and 
follow the course of the timber grain, curly or 
otherwise, much as an unassisted chisel tends 
to do when working lengthwise of similar 
grain. But it would be impossible to remove 
shavings and produce a true face on curly 
stuff if the plane-iron were set like that of a 
spokeshave ; the timber would be torn up 
whenever the iron met with cross grain. Its 
action would be too wedge-like, too much like 
that of a knife. Actually, on very hard and curly 
material, the ordinary plane has to be set very 
finely, and used with care, and then to be followed 
by the scrape, in order to obliterate the marks 
of the torn up grain ; and for this reason planes 
used exclusively for hard woods are some- 
times made of a more upright pitch than those . 
for ordinary woods. For these reasons a 
plane whose iron should be set at a lower angle 
than that ordinarily employed would be useless 
for all except the softest and straightest grained 
woods. In veneers, which have very curly 
grain, the surface is prepared for the glue by 
a toothing plane, with the face of its iron per- 
f>endicular to the surface of the work, scraping 
it absolutely. 

Actually, however, the angle of the cutting 
face of a plane-iron is not so high as it might 
appear to be at first sight. The angle of pre- 
sentment of the iron is not that at which it 
is set in the stock, but that at which the bevel 
is ground and sharpened. The first is about 
45 deg., the latter seldom more than 10 deg. 
or 12 deg., oftener perhaps, 5 deg. or there- 
abouts, as sharpening is repeated. This, how- 
ever, would be quite enough to lead or draw the 
chisel edge inwa^ without the coercion afforded 
by the s^k. 

The Top Iron. Necessarily, the setting 
of the iron at an angle in the stock deprives 
its cutting edge of some measure of that support 
which the true chisel has when its face is 



* coincident vith the face of the work, and »o makes 
the action of the plane approacli remotely to 
that of sci*aping. But here two agencies come 
into play ; first, the rigidity of the stock itself, 
secondly, the influence of the top iron [10]. The 
latter is screwed tightly down on the face of 
the cutting iron, almost close dowfi to the 
cutting edge, and imparts such rigidity thereto 
that no chatter of moment takes place when 
cutting. This is one function of the top iron ; 
another is the breaking of the shaving, the 
shaving curling up the convex end of the top 
iron with the minimum of friction [lOJ. But 
when an iron stock is employed, it is usual to 
employ a single cutting iron only, which also 
illustrates the influence of the rigid top iron in 
lessening chatter ; for the iron stock is more 
rigid, more free ifrom elasticity and vibration 
tlian the stock made of wood, and there is thus 
less need to use a top iron, which is often then 
discarded. We shall meet with this question of 
rigidity and of curling off of the shaving again 
in the metal-cutting tools. 

The analogy between the plane and the chisel 
and gouge is seen further in the straight and the 
profiled forms imparted to the ec^es ot the 
irons. Planes producing straight faces are th(‘ 
jack, tiying and smoothing, the jointer, and 
panel, the rebates, ploughs, and filisters. The 
rounds and Jiollows 1 12, A and B] produce concave 
and convex edges ; the various maidding planes, 
<dgos of numerous profiles, i\ Difficulties in 
cutting arise in the last-named, because the 
proper cutting angle cannot be maintainod ta 
all sections of the profile, and the planes in 
consequence drag and work hard, as do hollows 
and rounds in a slight degree. But these have 
been largely displaced by I’otory machine 
cutters, which always act by simple scraping, 
the faces of the cutters standing peipendicularly 
to the faces of the mouldings licing stuck. 

We learn from the plane that, provided the 
action of the cutting chisel is rigidly coerced, it is 
not necessary for guidance that the flat face of 
the tool should coincide with the face ot th<‘ 
material being cut, as it is in the chisel when 
hand operated. Tlie control is transferred to 
the stock. Also, that beyond the wedge form 
of the tool there is really little in common 
between the two classes of tools. We have the 
curling up and free ekit of the shaving on one 
side, and the clearance between the lower edge 
of the iron and the material, both of which art' 
essential to sweet operation, and there is the 
essential of rigid fixing. Again, it is of no im- 
portance whether the bevelled edge of the iron 
is low^ermost in the stock, as in the wooden 
planes [10], or the plane face lowermost, as in 
many of the iron ones. The plane will now 
help us to understand the action of the metal- 
cutting tools. 

Turning and Planing Tools* 

Although there is no essential difference in 
the chisels and cognate tools used by the wood- 
worker and the chisel-like tools of the turner 
and metal planer, yet the work of the latter is 
more or less a mystery to the former. Acquainted 
only with the keen chisel, easily operated by 


the hand, the shaving of hard metal seems 
to be due to some occult virtue in the material 
of which the tool is formed ; the analogies in 
form being somewhat disguised, are overlooked. 
Even so, , the constant use of tools for metal 
working tends to blind the engineers' machinist 
to the real kinship between those tools and the 
ones employed by the carpenter ; each, how- 
ever, is akin to the other. 

A Typical Tool. Examining now the 
formation of the tools used for turning and 
shaping metal generally, the wedge form is 
still obvious, but it is modified by other essen- 
tials. Taking the typical roughing out tool 
in profile, as used for iron and steel [18, A], the 
tool angle, a, is a true wedge, though much more 
obtuse — from 50 deg. to 70 or 80 ^g. — than the 
corresponding angle of a chisel, or a plane-iron. 
Tt is, however, no more obtuse than is necessary 
for its permanence of service. The carpenter's 
chisel would not endure for a moment ; the engi- 
neer’s tool retains its edge for several hours. The 
angle h is the clearance angle, or bottom clearance, 
and should be only just sufficient to prevent 
such friction between the tool and the work 
os would involve wasted energy and undue 
heating. If the clearance angle is made ex- 
cessive, then, in order to leave a sufficiently 
thick tool angle, a, to the cutting edge, the angle 
c of top rake, or front rake, has to be diminish^, 
and this is an evil. It is a principle that the 
nearer the line d e approximates to the tangent 
/ j7, or to a plane face being cut, the more nearly 
fwrfect is the action of the cutting tool. Actually 
the angle h should not exceed from 3 deg. to 6 deg. 
for iron and steel, any alteration after this 
foi harder or softer metal being mode in the 
inclination of the line d e. For hard steel, and 
steely cost iron, the angh* c must be small — in 
other words the tool angle a will be large ; for 
wrought iron and mild steel, the angle c will be 
larger and a smaller. In the latter the puri^ly 
cutting ac'tion will be more pronounced than 
in the former. 

The Graver. Tin* facts just stated have 
so vital a bearing on the efficiency of cutting 
tools for metals that if is well to put them in 
another way. A suitable cutting angle or tool 
angle, a, is only one of the essential conditions. 
I'ake as an illustration the elementary form of 
the graver, the Old hand turning tool for metal 
118, B to E]. Its relation to the tool held in a 
slide rest or tool holder is shown below by the 
dotted section at F. Now, even though the 
angle a is not varied, very different r<*8uTt8 will 
follow with different angles of presevJlation, 
which will alter the angle of top rake c, and that 
of bottom rake or clearance b. C Vim pare with the 
preceding figure at A. If the tool is raised, as in 
D or E» it will not cut, but scrape only, and its 
edge will be rapidly abraded. Or if lowered 
as in C, though the top face would give more 
freedom of escape to the shaving than at B, the 
low'er face would have less clearance. 

Hence results depend very much upon the 
manner in which the tool is presented to the 
work. Though the broad rule is that the top 
face of the tool should approximate as much as 
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possible to the plane of the face or surface machines alike. Some are special to a particular 
which is l^ing out, or to the tangent to the same, machine, but however their shapes in plan vary, 
this rule is not invariable, since it is modified their sectional forms are based on the principles 
by the nature of the material. The harder and just explained. 

tougher the quality of the latter, the more essen- Cranking* What is termed the ** cranking 
tial is the observance of the rule. The more of the tool is quite independent of its cutting 
brittle the material, as at F, the less necessary, action. Its purpose is to prevent the tendency 
The reason is to be found in the fact that material to hitch which is present when the tool is thrown 
which is hard, tough, and fibrous yields shavings backwards during heavy cutting, which hitching 
which are strong and difficult to break. They cannot happen when the tool point i? in a line 
come off in long spirals or ribbons, G, often with the back of the shank because it then 
many yards in length. If they can slide off strikes off, in the case indicated, by the dotted 
unbroken from the sloping face of the tool the line h [18, A]. This peculiar function is not so 
latter is not charged with the extra severe and necessary to lathe work where the circular 
unnecessary task of breaking up and comminut- outline of the work receding from the tool prevents 
ing the shaving into small chips, but is able to risk of a hitch. But in planing and shaping 
fulfil its ledtimate function of dividing or cutting machine tools operating on fiat surfaces the 
economically. A tool which has to break its tendency to catch is always present, and then 
chips is subjected to extra strain, and, what the cranking of the tool is a necessity, unless, 
is of far more consequence, becomes unduly as is often now done, the tool is made of a 
heated. Rise of temperature limits the cutting very stout section. Another reason is that the 
capacities of a tool enormously, and, therefore, labour of grinding is lessened, and the necessity 
whatever tends to diminish friction and lessen for reforging does not occur so frequently, 
heat favours its cutting power. The bending If the tool were not hollowed out on the 
over of a shaving without causing its fracture is top, the repeated grinding of the top face would 
thus a very important element in a cutting tool, soon cut out a deep angle into the bar, which 
It is seen not only in the metal-working tools, would be weak and give trouble. Being 
but in the carpenter’s planes. The “ irons,” hollowed, the top face can bo ground many 
as we have seen, are sot at such an angle that the times before the hollow is lost, and reforging 
shavings croep out in continuous lengths. , required. 

Solid Tools, The tools used in metal By means of narrow-pointed, chisel-like tools 
cutting are not usually set in such a way that formed on those principles the largest majority 

their axes are in the same plane as the faces of of engineers’ work is cut. By a succession of 

the work. This would be tar too inconvenient, cuts of narrow width and of greater or less 

The necessary form is imparted by forging and depth, the largest surfaces are operated on. In 
grinding in the case of solid tools. Exceptions the width of an inch the number of successive 
to this rule of imparting tool angles by forging cuts, or feeds, will range from about four in 
and grinding occur in the case of tool points, heavy tooling to 40 or 60 in very light work, 
hold in tool -holders, or cutter-bars, and in the When increased cutting is done it is generally 
case of hand-operated tools [18, B to E], not- depthwise, o/ rather than in •width, such 
withstanding that the essential angles of being found more economical, 
presentation to the work are alike in each. Slowness of Operation. All conditions 

Forms of Tools. Again, though copper being equal, the harder the material the blower 

and le«d can be cut and turned -with the tools for the speed, and the smaller the quantity of 

operating on wood, the cast is very different material removed in a given time. It is the 

when iron and steel are concerned. The power principle of work in one of its many applica- 

required to cut hard metal is immensely greater tions. Deep cutting e^t high speed is practicable 
than tliat absorbed in cutting wood and soft in woodwork, but not wiien metal is concerned, 
metal. Thus a Whitworth lathe removing cuttings The heat generated would be so excessive that 
from mild steel at a rate of 50 feet per minute, the tool would lose its cutting edge almost 
the cuttings having a section of } in. by m., immediately and become very hot. And the 
absorbs the enormous amount of power supplied work, too, if of small dimensions would become 
by a 60-horse power electric motor. For this hot and distorted, so that when it resumed its 
reason the broad chisel edges of the wood- normal temperature it would not be of correct 
worker, represented, say, by a IJ-in. chisel, shape or dimensions. Actually, it would be 
or by a 4-in. axe or adze, are scarcely used correct to say broadly that the generation 
by the metal-worker, except for the finest heat sets the umit to the speeds used for cutting 
finishing ; the stress and the force required for metal with tools of temper carbon. This is very 
operating would be too great. Therefore, narrow much affected by the forms of the tools them- 
e^es are the rule, not exactly points, but edges selves, and the efficiency or otherwise of the 
of a sensible •width, seldom, however, exoe^- lubrication adopted ; but when all is done that 
mg in. or ) in. in width when metal has to is possible in these conditions the limitations 
be removed in considerable quantities, and of speed ore soon passed. There are certain 
generally less than } in. in width. A group spee^ suitable for cutting each kind of metal or 
of these tools is shown in 14 and 15 , being alloy, and though these vary with the conditions 
strai^t forward and right and left handi^, etc. just named, they cannot under similar conditions 
Many are used on lathes and reciprocating be exceeded to any considerable extent. 

CofUinued 
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being increasiiigly used, and is supplied from Shallow well water is very hard, nearly always 

lakes to Liverpool, Manchester, Gl^ow, etc. impure, and often foul from sewage. Deep 

Though excellent for washing, its chief danger is spring well water is pure, and may be hai^ or soft, 

that common to all soft water— dlssolutipn of Artesian Wells. Of very ancient origin 

some of the load of the pipes through which it in the East, these may be called artificial 
flows. It is probable that, ere long, with the springs, for where the pressure on the sul^oil 
increasing impurity of the Thames, some upland basin is very great, the water rises at once to 
surface water will have to be supplied to London, the surface, and may even do so in the form 
River Water. Rivers are naturally pure, of a jet. 
and their water is harder than the surface A good illustration of the way water lies under- 
water, but less hard than spring water. There mund is found in what is called the London 

is great danger of contamination from the banks Basin [1] 

and towns. No river in England is long enough The extent of this basin may be judged 
naturally to purify and completely deposit the when we know that the southern outcrop of the 
sewage that falls into it. The natural process of town greensand is at vSevenoaks and the northern 
purification is performed by vegetation, which at Dunstable, a distance of 40 miles. It is 
oxidises it by dilution and by precipitation, believed that the water of a well in Trafalgar 
The deadly micro-organisms (typhoid) which may Square, 390 ft. deep, flows into the ground in 



1. niAGKAMMATIC SECTION THROUGH LONDON BASIN, SHOWING STRATA AND UNDERGROUND WATER 
Reproduced by permission fioin Diagramiuettes by W. II. Knight 


abound at a sewage outfall, instead of multiply- Hertfordshire. In tlic chalk there is a fault 

ing as they would do in pure water, soon decrease west of Hendon which allows a great deal of 

and die out as they are preyed on by the numerous water from the chalk outside this area to enter 

large bacilli that abound in river water. Here the Thames near Beading ; some 300,000 gallons 

we reach a great truth to which we may allude also enter the river daily near Windsor, 
again — viz.^ that the pollution of a large river by All the water in this ba%in below the London 

infective germs js of httle danger compared with clay is generally good though mostly hard ; 
the contamination of wells and streams ; in above the clay it is fouler, at any rate suspicious, 

the former the germs ^nd to disappear, in the Shallow Wells. All shallow wells in 
latter, to multi]^y rapidly. London are now foul and dangerous, and in 

Springs and Wells. Shallow wells villages they are often the same, 
catch the ground and subsoil water ; deep'wells The best rocks in England for yielding good 

tap the water stored beneath impervious strata, water are chalk and new red sandstone. The 

ShaUow veils are generally under 50 ft. deep, site of a city is generally determined in the 

but one only 30 ft. deep may pass through first instance by the water supply. Subsoil 

rock and tap “ deep well water. The depth water varies in heifl^t according to the time of 

of a well is suppos^ to equal the radius of the vear. When it is high, as in March, it is un- 

oirole which it drains, but this varies more or healthy ; when low, as in OctoW, it is 
less according to the character of the soil, healthier. 
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Coming now to the country, shallow wells are 
very common in cottage gardens, which fre- 
quently contain two holes only a short distance 
apart, one in wMch sewage is stored, and 
the other from which water is drawn. As the 
ground is porous, the result is that the water is 
really dilute sewage, though it appears light 
and sparkling, and may not even smell till it 
has stood a little while. It may be drunk for 
years if no contagious germ has fallen in, for 
it is not necessarily infectious. 

Wells in which the water-level is easily de- 
pressed by pumping are the most dangerous, 
as they will suck water from 20 to 100 times the 
distance of the depth of the depression. The 
alteration of the level of the subsoil water is 
often a danger. When low, the sewage and the 
well water may remain distinct ; when the water 
rises it may connect the two. 

Foul Wei la. Pollution of a well 
depends on : 

(1) Its position as to cesspools. 

(2) The amount of depression of 
water-level by pumping. 

(3) The porosity of the soil 
around. 

Foul wells show their impurity best 
after rain, also if the water be kept a 
short time, or is a little warm. Vill- 
age wells should lie sunk on a level 
above the source of possible pollution, 
and at 200 times the distance of their 
depth from any possible source of 
impurity. Tlie mouth should lie 
covered, and the well should be level 
with the no(‘k for the first 30 ft. and 
fitted with an iron pump. The pumx) 

IS called a suction pump if the 
water has not to be raised 25 ft , 
which is about as high as it will rise 
by atmospheric pressure. It is called 
a “ force pump ’ when the water is 
over this depth, and water has then 
to be “ forced ” up by pressure. In 
this case buckets, being cheaper, are 
generally used. 

Deep Welle. Deep wells, to en- 
sure purity, should always be bricked 
down to the imjiervious stratum 
through which the well is lined and 
through which the surface water can- 
not pass. This precaution was omitted in a 
well near Liverpool, bored through new red 
sandstone, with the result that it drained all 
the shallow wells around. These were then 
practically cesspools, and naturally fouled the 
deep well. An elaborate system of drainage 
hod to be devised, and it was four years 
before the deep well could be used again. 

In deep wells nitrates are found, but the water 
is otherwise pure and quite sterile — t.e., free from 
all germs. As already pointed out, this is not 
such a safeguard as it at first appears ; for if 
typhoid or other germs should get access to it, 
they thrive incredibly, as there are no other 
germs to destroy them, nor any light or air 
as in rain-water, ^e air in water is generally in 
the proportion of 1*8 parts of nitrogen to 1 of 


oxygen, a diffeient proportion to that in the 
atmosphere. This dissolved air gives water a 
pleasant taste, which is absent in boiled water 
containing no air ; the latter can be made palat- 
able by pouring it through toast. • 

Drinking Water. Good drinking water 
should be selected from the purest sources, and 
should have no taste, smell, or colour. If the 
quality of water appears doubtful, set a glass 
aside in a warm, dark cupboard for two days ; 
if it becomes cloudy and smells, it is bad. 
Water varies according to its source : from 
alluvial soil it is generally impure ; from chalk 
soil it is generally good, with temporary hard- 
ness ; from limestone it is good, with permanent 
hardness ; from millstone grit it is pure and not 
hard ; from granite and the primitive rocks it 
is pure, but may have salt dissolved m it. 

Water from springs, deep wells, and 
upland surfaces is wholesome; that 
from stored rain and lowland surfaces 
is suspicious. Shallow well water and 
sewage rain-water are dangerous. 

Water Supply of Towns. 
We now turn from the varieties and 
qualities of water to the water supply 
of towns, which is as follows in round 
figures : 

London 30 gallons daily per head 

Edinburgh 40 „ „ „ „ 

Dublin 35 „ „ „ „ 

Glasgow 50 „ „ „ „ 

Berlin 15 „ „ „ „ 

Vienna 22 „ „ „ „ 

Sheffield 20 ,, „ „ „ 

Hospitals have 60 to 90 gallons 
daily per head. 

Four gallons daily pt^r head is the 
absolute minimum possible, and fifteen 
gallons daily jwr head is the practical 
minimum all round. The amount 

consumed daily per head is 100 

ounces, one- third being in food. 

London is supplied with 120,000,000 
gallons daily, but 15 gallons per head 
are lost daily in transit A waste- 
detector placed in Lambeth has saved 
14 gallons per head per day The 
best supply is 25 gallons daily per 
head for private, and 10 gallons for 
public use. 

Impurities in Water. The impurities found 
in water are obvious — a matter of great importance. 

Various minerals are held in water termed 
pure, rendering it thereby hard or soft The hard- 
ness in water is called temporary if it is due to 
carbonate of lime, and permanent if due to sul- 
phate of lime and salts of magnesia. Of course, 
carbonate of lime in common chalk is insoluble, 
but with the addition of some carbonic acid it 
becomes bi-carbonate, which is soluble. CaCO.) 
(chalk) + CO.J == Ca^CO » = bicarbonate. This 
change is effected by rain-water, which contains 
GOje, by washing the surface of chalk ; hence, to 
precipitate the lime, all that is needed is to draw 
off the CO.j by boiling. This precipitated chalk 
produces temporary hardness and forms the 
principal part of the fur on boilers and kettles. 

4157 


^wT«ir tn 7—. - 



2. A SAND FILTER 




MKALTH 


Hard Water. One degree of hardness is 
due to 1 grain of salt per gallon, as shown by 

boap test'* ; it requires 1 extra volume of soap 
solution to make a lather; hence 5 volumes of 
soap solutipn are required to make a lather in 
water with 24° of hardness. Each degree of 
hardness requires 2| ounces extra of soap, to 
make a lather, to each 100 gallons of water. 
Water up to 20° of hardness is not injurious to 
healthy people if it be temporary or due to 
bicarbonate of lime only, though it mav be 
harmful to gouty persons. Water should not, 
however, for he^th have above 60° of per- 
manent hardness or sulphates (not deposited by 
boiling). Water with hardness up to 6° is all 
called soft. 

Hard water soon blocks up boilers and pipes, 
and is a cause of waste in many ways. Nearly 
one-third of all the tea used in London is wasted 
by hard water ; and Glasgow, when it substi- 
tuted the soft water of Loch Katrine for hard for 
'washing purposes, etc. saved £36,000 in soap alone 
per annum. In cooking 
(especially boiling), the 
salts get deposited in 
meat and vegetables, 
making these hard and 
indigestible. 

Trtie fur in boilers is a 
source of many troubles, 
corrodes the metal ; it 
non-conductor of heat 
wastes fuel ; it coats 
food ; it prevents solution ; 
it lessens the size of pipes ; it 
allows the sides of boilers to 
become red-hot, and they may 
crack and explode. Clark’s 
process softens water by 
adding enough lime to com- 
bine with the COy and to 
precipitate ail the carbonates, 
but it only removes tem- 
porary hardness. Maignen’s 
Anti’Calcaire adds lime, alum, 
and carbonate of soda, carries 
down all organic refuse, is said pastbur-cham- 
to remove most of the perma- bbrland filter 
nenthardnessaswellandpre- I' Wate? 
vents the crusting of boilers. unUtr preBsuie .i 

Professor Nesfield’s proof® SZwh whlellTater 
purifies drinking water of all neiccilatea 4 Outlet 
organic and dangerous de- filtered watei 
posits by adding iodine, and then converting this 
into a soluble salt by a salt of soda. It claims 
to kill all bacteria in water in one minute, and the 
W'ater afterwards is clean, harmless, and palatable. 

Source of Impuritiee. Pure rain-water 
only contains half a degree of hardness. Most 
rivers are hard; the Thames contains 16°. 
Hardness in water is bod for gouty people, and 
maps of the British Isles are prepaid showing 
where the water is hard and where soft, so that 
people may select their place of residenoe 
oooordingly. ^ 

Impurities in water may be produced (1) at 
the source ; (2) in transit ; (3) in distribution ; 
(4) in storage. 
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Lead and Iron. The first, and perhaps 
the most dangerous impurity is lead. Permanent 
hard water soon forms a deposit of sulphate of 
lead inside the pipe, and thus protects it from 
being dissolved ; but chalky water attacks lead, 
while soft water soon forms an oxide of lead, 
which is soluble in water. This is detected at 
once by adding sulphuretted hydrogen, which 
produces a brown coloration. The action of 
water on lead is not yet wholly understood. 
The soft water of Loch Katrine transferred to 
Glasgow acts on the lead, and yet there is no 
poisoning. Heat, pressure, and stagnation 
favour the action of lead in the water. Proper 
filtration removes it. 

Block tin pipes are needed for very soft waters 
(especially wiUi nitrates), and for all aerated 
waters. There is a system of adding carbonate of 
lime to soft water which prevents contamination 
in load pipes. This has been done at Sheffield. 

Iron in the water sometimes dissolves the lead. 
If there be more than one-twentieth of a grain 
of lead per gallon, the water is deemed unfit to 
drink ; one-tenth of a grain may produce S 3 nnp- 
toms of poisoning. At Claremont, seven-tenths 
of a gi*ain was found in the water. Cast-iron 
pipes are, of course, safe. 

The purest and softest water and aerated water 
got most contaminated, also water with excess 
of organic matter (nitrates) and chlorides. 

Organic Matter. Organic matter is either 
suspended or dissolved in water. It should not 
exceed 2 or 3 grains per gallon, and may be in 
one of three forms : 

1. Unchanged— dangerous. 

2 C’onsisting of ammonia — ^loss dangerous. 

3. Consisting of nitrites and nitrates — Charmless. 

The nitrogen alone may be also in a fourth 
form — 4'00 gas — which is harmless. There should 
not be in ordinary water above 1 grain i)er gallon 
ot nitrites or nitrates. In pure water there is 
none. Of ammonia (free — i.p., combined wiUi 
an easily decomposed substance) there must hr* 
less than -06 per million. Rain-water often con- 
tains much more. Nitrates are due to animal 
pollution. When there is much albuminous 
ammonia — *.c., ammonia in organic substances 
not easily decomposed, v ith nitrates, etc. — the 
cause is vegetable pollution. 

Deep wells may contain free ammonia and 
chlorides without being polluted, but in shallow 
wells these cause pollution. General solids in 
water should not exceed 8 grains per gallon, 
though in chalk they may rise to 14. Sewage 
water may be clean and drunk with impimity, 
and IS even fattening, if free from pathogenic 
germs, which cannot be detected. The two 
diseases most easily conveyed by water are 
typhoid and cholera. Any oxygen dissolved in 
water is mixed with it mechanically, as in air, 
and is not chemically combined. 

Distribution of Water. Aqueducts have 
been used from the earliest ages. They existed 
in Pompeii 312 b.c. The Romans used inverted 
syphons to cross valle]^ ; now water is conveyed 
uphill and downhill in iron pipes in a ^ntlo 
how. In towns 'water and sewage pipes should 
never be laid together. The former should be 





HBALTH 


plunged into pitch or varnish, and either glazed 
to avoid corrosion, or heated to a white heat 
(1,200 F.) ; steam should then be passed over 
it, forming a protecting oxide. The pipes should 
have spisot joints, rimmed with lead and not 
with ga^n and tar. Water waste preventers 
should bo fixed to each main to detect leakage. 
All house pipes are of lead for convenience in 
levelling, etc., and it is here the daagfT occurs 
with sorb water. 

The largest city in the world (London) still 
depends on rain-water, and uses one-third of 
the Thames. It is calculated that of ten 
glasses of water one at least has been used 
before ; in fact, is dilute sewage. The principal 
supply is taken at Hampton and stored to 
settle and clarify in reservoirs capable of hold- 
ing a week’s supply. Five hundred and sixteen 
million gallons daily are taken by five companies. 

Filtration. The water is then filtered 
through 3 ft. or more of fine sand and gravel [2]. 
The finer the sand, thc^ fewer microbes pass 
through it. Ordinary sand lets half through ; 
tine sand, 14 per cent. ; very fine silver sand 
only 5 per cent. The fine sand used to be 
removed and well washed as needed. The 
flow of waiter through must not exceed 30 
gallons per square yard per hour. By filtration 
mere surface water is (‘hanged into pure ground 
water. The newest meth(>d of using the sand 
filter is to allow a jelly-like scum to accumulate 
over the sand consisting of innumerable bacteria, 
and constituting a living filter. The crowding 
microbes on this surface penetrate into the 
sand, nitrify the organic matter and destroy 
other and poisonous germs. This surface 
should not be disturbed as long as the water 
will pass. In such a filter the sand should be 
1 ft. thick, and the water should sink through 
at the rate of 4 in. per hour. 

When such a living filter is in good order 
per cent, of th<' germs are removed. No 
filtered water should have more than 100 germs 
per cubic centimetre of water. The watei at 
Altona receives all the sewage of Hamburg, 
and yet, by filtration, is purer than the un- 
filtcred river Elbe above Hamburg. 

In some cases a layer of magnetic carbide 
of iron is placed under the sand to oxidise 
organic matter into nitrites and nitrates. 

Slate cisterns are good, but they leak; they 
must not be jointed with red lead, and are 


often made with grooved sides and set with 
white lead. This soon leaks; the plumber 
repairs the leak with red lead, and poisoning 
ensues. Zinc or galvanised iron cisterns are 
sometimes used ; in this case the iron cistern 
is dipped into wetted zinc when made. The 
best supply is a constant service so that no 
cistern is needed ; then no fouling occurs. 
Screw-down taps are wanted. 

The drinking supply should, of course, be 
separate from that used for closets. Lead 
cisterns are bad and are most dangerous when 
new or scraped ; wood cisterns are also bad, 
but stoneware is a good material. The cistern 
should be dark and well covered. 

Analyai* of Water. Points of import- 
ance to be noticed in analysing water are: 
Suspended solids, dissolved solids, hardness 
(fomporary or permanent), chlorates and 
nitrates, ammonia (free or albuminous), absorbed 
oxygen. Points of minor importance are the 
fixity or volatility of solids; loss in solids or 
ignition^ and the presence of nitrates, sulphates, 
and metals in solution. 

The hardness is de(‘id(‘d by the soap test — 
thus, 70 cubic cent. = 70,000 milligrammes, 
and as there are 70,000 grains in a gallon, 
therefore the milligramme is 70 cubic cent. = 
grains in gall. The soap solution contains 17 
grains of Castile soap to 1 litre of water. One 
cubic centum of tliis neutralises 1 grain of salts 
of magnesium or lime. 

Chlorine is shown by adding nitric acid and 
nitraU* of silver. One grain of chloride per 
gallon gives a haze, 4 grains turbidity, and 
10 grains a precipitate. The presence of 
organic matter is shown by the disappearance 
of the pink colour causi'd by adding primary 
acid potash. Free ammonia is revealed by 
Nessler’s test. Lead or copper are shown by 
adding hydro(‘hloric acid and sulphuretted 
hydrogen, which gives a brown coloration. 
There is no test for poisonous gi^rms. 

Microbes do not necessarily unfit the wat(*r 
for use, but they show the presence of nitrates, 
which they reduce to nitritc‘s. Low vegetable 
organisms purify the water and are found in 
all running streams. Higher animal organisms 
are also common in pure streams, and, like 
the ascaris or fluke, maj^ be dangerous. 

The following table gives the average analysis 
of water 
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Processes in Making Beet Sugar. Extracting Sugar from Molasses. 

The Beet Sugar Factory. Candy and Caramel. Invert Sugai 
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Prom Beet to Beet Sugar* The outline 
for the procesH of manufacturing sugar from 
beet is as follows : The beets are washed from 
a^ering earth and stones, and then, by means 
of an elevator, sent up to a machine which slices 
the beets into pieces resembling vermicelli. The 
’slices are then put into large iron cvhnders and 
“diffused” with hot water, by which means the 
sugar is obtained in solution. This sugar solu- 
tion is then mixed with about 2 per cent, of lime 
and carbonic acid gas passed into it. A chemical 
reaction takes place, and carbonate of lime is 
thrown to the bottom of the vessel, taking with 
it most of the impurities. The liming is repeated, 
and sulphurous acid gas passed in ; another 
precipitate then forms, and leaves a clear liquid, 
which is evaporated until sugar is thrown out 
in a similar way to that followed in the case ot 
cane sugar manufacture. The divisions into 
which the subject can conveniently b(* divided 
are: (1) washing and slicing, (2) diffusion, (3) sat- 
uration, (4) evaporation and (5) crystallisation. 

Raising the Beeta to the Waahera. 
The beets are conveyed to the washing tanks by 
bucket elevators, scoop-wheel elevators, or screw 
conveyers [10]. The huck^ elevator is not much 
used, at least in modern factories, as the grit and 
earth from the beetroot cause a disastrous amount 
of wear on the buckets and chains. Tlie scoop- 
wheel consists of 


a long enclosed 
wheel, with a 
series of scoops 
on the circumfer- 
ence. The beds 
are conveyed 
down a channel 
to the bottom of 
the wheel, and are 
caught by the 
bottom scoop. 
The wheel of 
scoops revolves, 
and as each scoop 
takes up its quan- 
tity it passes 
hi^er up, and is 


replaced by the 
one behind it. When the scoops reach the top 
of the wheel their contents are automatically 
thrown into a chamiel which conveys them to 
the washing machine. To lift the beets to, 
say, 18 ft., the wheel requires to be very large 
and cumbrous, hence, if the distance be more than 
a few feet, the screw elevator is used. The 
screw conveyer is, perhaps, the most convenient 
means of transporting beets, and is also useful 
for lifting water at the same time. As will be seen 
from the illustration, the screw conveyer consists 
of a heavy hollow spindle with a spiral blade, 
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10. SCREW CONVEYER FOR ELEVATING BEET 


the whole being placed in an inclined position. 
A screw conveyer about 40 in. diameter and 25 ft. 
long raises about 600 tons of beets in 24 hours. 

The Washing and Slicing Machines. 
Washing removes soil and pebbles, which would 
not only injure the sheers, but introduce much 
mineral impurity into the subsequent diffusing 
vessels. The simplest form of beet washer is 
known as the whisk washer. It is fitted with a 
stirring gear consisting of a central shaft to which 
vertical arms are attached. The vessel in which 
the stirring gear is attached is of wrought iron, 
open at the top, and fitted with a perforated 
bottom, through which earth and stones fall. 
Underneath the washing machine there is a 
discharge arrangement for the water, and the 
stone trap is fitted with a manhole for cleaning out 
the stones. Another form of washer consists ot a 
jierforated drum, into which the beets are put, 
and which revolves in a water trough fitted with 
discharge arrangements like the whisk machine. 

After washing, the beets are conveyed by an 
elevator to the slicing machine on an upper 
floor. This elevator may be of the bucket 
variety, in which an endless chain of buckets 
is employed. 

The slicing machines cut up the roots into 
“ cossettes,” or slices. A useful pattern is shown 
in 11. Extra sets of cutter- boxes and knives 

should be ordered 
with the machine. 

Diffusion. 
Formerly the 
beets were rasped 
to a pulp, the 
juice pressed out 
in hydraulic 
presses, and the 
solid mass dried 
by centrifugal 
machines. Schiit- 
zenbach then sug- 
gested macerat- 
ing the dried roots 
in warm water, 
but this compara- 
tively slow pro- 
cess was replaced 
by the diffusion process, on the suggestion of 
Bubrunfaut. The sliced beet is conveyed to the 
diffusion battery by a band conveyer. Fig. 12 
shows a battery in a series of twelve diffusers 
arranged in a circular manner, the one shown 
being fitted up by the Compagnie Fives-Lille. 
The hopper at the top revolves, and feeds the 
diffusers in turn with cossettes. Diffusion 
batteries are also arrayed in straight lines of 
twelve or fourteen difnisers. The method of 
discharging the diffuser varies, but the bottom 
discharge for exhausted beets is preferable, as 
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shown in 18. Dr. Pfeiffer’s patent discharge 
is effected by means of coii^ressed air. As 
soon as one coll of the diffuser is charged 
with cossettes, it is shut down, and warm water 
run in. This water takes up some of the 
sugar, and is then passed into each of the other 
diffusers in turn. The smaller cylinders shown 
outside the circle of diffusers are called calorisers, 
and reheat the water, which, as it passes from 
the diffusers, loses much of its heat. The ex- 
hausted beet is discharged from the 
diffusers, and is convoyed to a pulp 
press, where a large proportion of 
the water is removed, and the residue 
left ready for cattle food. The 
spiral elevator press of the Maschi- 
nenfabrik Grevenbroich is one of 
the most modem type of pulp 
presses. The spent slices enter at 
the bottom of a screw elevator, 
and in passing upwards are drained 
of much of the water. The upper 
part of the elevator press tapers off, |Hm|[ 
and presses vhe slices tighter 
and tighter, thus freeing 
them of most of the water 
contain. 

Continuous Diffu* ■ 

sion. In continuous diffu- I 

sion the diffuser is an iron ■ 

cylinder, and contains I 

a perforated iron cylin- ipBiH| 
dor 4 ft. in diameter and B 

36 ft. long. The axis 
is formed by a smaller V 

cylinder, and between IpBHI ■ 

the two is a helix. Tlio ■ ■ ' 

inner cylinder is re- ■ 
volved at such a rate 

that beet slices travel- mS^SSwSSsSSSSff?^ 
ling along the helix take 11. beet sucer 

about one hour to go 

the whole length, l^e cossettes are continually 
immersed in water, which enters at one end, at 
86° P. The conditions for good diffusion are 
fulfilled when the cossettes and water move in 
opposite directions. This type of diffuser is 
stated to require but little attention, and less 
labour than the battery type, but it has not yet 
come into general use. The temperature in the 
diffusers is maintained at 70° C. to 75° C., 
but this is not enough to kill the germs of 
fermentation, which often cause much trouble. 

To prevent incipient fermentation, antiseptics are 
added to the beet chips. Hydrofluoric acid in 
the proportion of two to six grains per hectolitre 
has been recommended by Verbiese, Van Voss 
improving on this by using ammonium fluoride. 
Sulphurous acid, and aluminium bisulphite 
have also been advocated as suitable antiseptics. 

It is the presence of enzymes in the juice that 
causes its darkening, these enzymes acting as 
earners of oxygen. 

SaturatioD. The juice is conveyed to 
the saturation tanks where two to three per cent, 
of lime is added in the form of milk of lime. 

The juice is then submitted to carbonic acid 
gas^ this process being called carbonatation, 

1 * « a 


Double and Triple Carbonatatlon. 

The precipitate that falls takes down with 
it many of the impurities in the juice, and 
the heat that is applied sends up a scum. 
The clear liquid is decanted, the 'scums 
and sediment being filtered in a filter press. 
The clear juice is again treated with a 
smaller quantity of lime, carbonic acid gas 
passed in, and the resulting precipitate again 
removed. Finally, sulphurous acid gas is 
passed in and the sulphide of lime 
removed by filtration. The clear 
liquid that results, knovm as “thin 
liquor,” is next evaporated in a 
similar manner to cane juice [page 
3829 J. Triple carbonatation is some- 
times used, but while it is of mroat 
n value in practice, i t is not consiaorod 
, sufficiently superior to double car- 
bonating to warrant general u.se. 
i In place of the sulphurous acid gas 
process, filtration through animal 
charcoal is sometimes done with the 
same object of obtaining a clear 
juice before evaporation. The mas- 
secuite from the vacuum pans is 
spun in centrifugals and washed 
with a jet of steam to whiten it. 
The sugar resulting from this treat- 
ment is termed first jet. 
|pH|| The liquid that flows from 
ISBI centrifugal contains 

the molasses and is ro- 
heated, filtered through 
'HH charcoal, and evaporate. 

When spun in the contri* 
^ fugals the sugar yielded 

J is known as seamd jet. 

^ I The molasses is treated 

a third or fourth time and 
BUCER smaller quantities of third 

and fourth jet sugar ob- 
tained. The final molasses is treated for the 
recovery of the sugar by special processes de- 
scribed later. 

Carbonic Acid Gas, The carbonic acid 
gas used in carbonatating is obtained by roasting 
limestone. The kilns [16] in which this is done 
are either separately fired with coke or con- 
structed to deal with coke and lime in alternate 
layers. The interiors of the kilns are built of 
firebrick and cased with iron plate. The 
carbonic acid gai^ is drawn off through two 
pipes near the top of the kiln and the gas is 
then passed into a cooler and washer. The- 
kilns are charged from the top with lime or 
lime and coke. The gas washer is a cylindrical 
vessel ; the gas enters near the bottom and 
meets a shower of water which falls from near 
the top of the washer. I’he gas finally leaves 
by an outlet at the top of the vessel to be pumped 
into the beet juice. The Sangerhd.user Actien- 
Maschinenfabrik have a form of washer in which 
the gas is led through narrow streams of water 
which drip from projections inside the washer- 
The ^ints to bear in mind in regulating the 
limekiln are to use lime as free from alumina 
and silica as possible; to use a coke giving 
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aft little ash as possible, say a maximum of the air. It exerts a powerful bleaching effect 
7 per cent, of ash ; and to see that the charging be on the beet juice. Special iron furnaces are 
done regularly. Sometimes, from indifferent made for generating uie gas, the upper part 
charging, the charge lodges on the sides of the in those made by the Masohinenfabrik Greven- 
kiln, this being known as scdlffolding, and if the broich being fitted with a water-jacket to 
air not properly regulated free air will be prevent overheating. Sulphur is fed in at the 
mixed with the gas, or if too little be admitted top, and combustion is started by inserting a 
carbon monoxide will be formed. Air in the red-hot iron and kept up by passing in com- 
gas may also be due to leaks in the kiln. pressed air. The fumes, known as sulphurous 

Sulphurous Acid Gaa. Sulphurous acid acid gas, are pumped direct into the beet 
gas is given off when sulphur is burnt in juice at the stage indicated above. 
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X,|me« The quicklime removed from the 
limekiln is used in the sugar factory for making 
milk of lime. This is usually done in brick 
tanks, but special lime-slaking machines arc 
sold for the purpose. Sufficient water is used 
so that when all action has ceased the lime is 
still covered with water. Before being used 
the lime is diluted with water 
to make milk of lime. It has flPW* ' 

been found that slaked lime ^ 
formed in the presence of large BSWRSmI! 
excess of water is inferior to 
lime which is dry slaked, and 
that solution of sugar is an 
improvement on water alone * 

as it tends to preserve the lime. * 

Some workers recommend dry- 

slaked lime to bo added to the sIK' 

beet juice instead of milk of 

lime, but others allege that IIR' 

darkening of the juice results 

from using the solid. « 

Saturation Plant. Car- on 

bonatation and sulphuration 
are carried on in square satur- . 

ators, either sunk in the floor wqHI 

with working valves controlled 
from the top or so arranged 
that the valves are in the front 
of the apparatus. The car- , 

bonic acid gas is admitted by 
valves, and there are also pro- 
vided steam coil, inlot and JHHl 

outlet valves, and juice valves. 13 ^ diffusee 

Saturation with sulphurous * jjiso 

acid gas is (conducted in 
similar saturators which are connected with 
the gas supply from the sulphur furnace. 

Filter Preeeee. The horizontal type of 
filter press [14] now so largely used consists of a 
heavy cast-iron frame, supporting a number 
of square plates by means of projections on the 

sides of the 

plates. The ^ ^ 

square plates 
are corrugated 
on the suHaco, 
and upon each 
plate is placed 
a filter cloth. A 
series of these 
plates is 
screwed tight 
together by 
means of levers, 
and then the 
sugar-juice is 
pumped or 
forced through ^ 
the press by 
means of a cen- 
tral conduit. The pressure sends the clear juice 
through the cloths, leaving the sediment on the 
cloth in a cake. In another form of filter press 
now generally preferred, the juice enters at the 
comer of the filter plates. Other types of filters 
are the Taylor filter, the Danek filter, which 
works at pressure, and the Claritas filter, which Is 
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designed for filtration without pressure. Sand 
filters should also be mentioned, as they are a 
cheap method of obtaining clear sugar juices. 

Special machines are made for washing the 
filter cloths. These consist of a cylinder in 
which is a revolving shaft carrying paddles. 

Dupon devised a purification process for beet 

— — juice in which baryta replaces 

some of the lime, but Kruger 
regards baryta as a dangerous 
addition. 

Purification by Elec- 
tricity. Several electrical 
processes have been proposed, 
j some in conjunction with the 
use of ozone. The combination 
of ozone and electrolysis is 
^ more powerful than either sepa- 

J,' rately ; but there seems but 

little chance of the electrolytic 
sBSBglC ' treatment becoming profitable. 

In one electrolytic process 
hydrosulphite is decomposed 
in the juice, and in another 
method albuminate of barium 
3BPk is used before passing the syrup 

'' through electrolysing troughs. 

An aluminium process has 
been devised from which good 
effects are obtained. It con- 
t Hibts in adding aluminium 

^bE^^B " powder to the juice and then 
IBBBB * ammonium sulphate. 

viTii BOTTOM CroHsfield and Stem s pro- 

^Qjj cess for the purification of 

beet juice, in which peroxide 
of hydrogen is used, is referred to in the lesson 
dealing with sugar refining. 

Extraction of Sugar from Molaaaea. 
One of the most important problems in the 
sugar industry is how best to recover the sugar 
wffich remains in the molasses obtained in the 

manufacture of 

t crystalline 

^ ^ sugar from cane 

or beet. 

/y The earliest 
' process was 
_ that of Pu- 
^ \ brunfaut, who 

submitted a di- 
luted molasses 
to the pro- 
cess of osmosis, 
with the idea of 
separating the 
salts that pre- 
vented the 
^ sugar from cry- 
stallising. This 
method was 
not profitable to work. The fact that sugar 
forms a compound with baryta, strontia, and 
lime has been taken advantage of in separating 
sugar from molasses. In Schribler and Segferth’s 
processes molasses was mixed with lime, and the 
saooharate of lime thus formed was separated by 
alcohol Bodenbeoder and Manoury introduced 
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modifications of this process, but in all alcohol 
was required, and this is an objection, owing to 
the price or fiscal difficulties. 

The Steffen Process. Steffen eliminated 
the use of alcohol. He discovered that lime 
forms with sugar three different saccharates — 
the monobasic saooharate, the bibasic saocharate, 
and the tribasic salt. The tribasic saocharate is 
with difficulty soluble in 200 parts of water, 
but is quite insoluble in water saturated with 
the tribasic salt itself. When precipitated under 
certain well-defined conditions it is granular, 
and can be readily washed in the filter. The 
operations in the process are: Forming the 
bibasic saocharate in the cold ; boiling to 
form sugar and tribasic saocharate ; and filter- 
ing the tribasic salt. The process is worked 
as follows : Molasses is diluted with water 
until it has a density of 6-6° Beaume, 
equal to from 7 to 8 per cent, of 
sugar. Then, with constant agitation, 
small quantities of quicklime are added, 
in the proportion of 1 of lime to 1 of 
sugar. After each addition of quicklime 
the temperature rises and is cooled to 
16° C. before adding further portions of 
lime. The mixture is then filtered in a 
filter press and the clear filtrate heated 
for ten minutes at 100° C. Tribasic 
saocharate is formed and is filtered out 
and washed with hot water to decom- 
pose it. The residual lime is precipi- 
tated by passing carbonic acid gas into 
the solution, and the sugar 
obtained by filtering and 
evaporating. It is usual, how- 
ever, to employ the tribasic 
saocharate instead of lime for 
treating raw juice. The other 
liquors are used for diluting 
further quantities of molasses 
and a’*e eventually used as a 
fertiliser when they become 
laden with the mineral impuri- 
ties of the molasses. The Steffen process is 
equally applicable to the recovery of molasses 
in refineries, the slight variation involved 
being in the treatment of the saocharate. The 
saocharate from the presses passes into the 
dissolving pons, where it is dissolved by means 
of sugar syrup which has been saturated with 
carbonic acid gas and heated to about 70° C. ; 
the sugar solution is then diluted with sweet 
waters so that it contains approximately 5 per 
cent, of sugar. After filtration the liquor is 
fully saturated with carbonic acid gas and 
treated as above. 

The Use of Strontia. Scheibler has 
since worked out on these lines a process in 
which strontia is used. Strontium saocharate 
is formed, separated by filtration, and washed 
with a 10 per cent, solution of strontia. The 
warm solution is then cooled, strontia mono- 
basic saooharate and sugar being 3 deldod by the 
decomposition of the bibasic s^t formed when 
hot. The strontia solution is decomposed by 
carbonating, filtration, and evaporation. The 
strontium carbonate is calcined to form the 
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oxide, and this with water gives the hydrated 
salt, which is used over again. 

Beet Sugar Factory, The cost of a 
factory for manufacturing beet sugar may bo 
estimated at from £30,000 to £40,000, this sum 
providing the machinery for working 300 tons 
of beetroot a day. The factory building would 
take about a year to construct and fit, and would 
cost about £8,000. A working capital of about 
£40,000 is also required for paying for roots and 
current expenses. Mr. Stein has recently shown 
a balance-sheet of beet sugar works in which a 
gross profit of £17,600 is produced on a capital 
of £80,000 after allowing for depreciation. Such 
a factory would purchase beetroots from the 
growers in the neighbourhood. In regard to 
the general arrangement of the factory the ground 
floor is usually taken up with the beet- washing 
apparatus, the diffusion battery, centri- 
fugals, vacuum pumps, beet elevators, 
boiler-house, limekiln and bone-black 
filters. On the next floor are the car- 
bonatation apparatus, the triple effet, 
upper part of diffusion apparatus, beet 
elevator, and laboratory, while on the 
upper floor are the vacuum pans. Rooms 
are provided for storing sugar and 
packing purposes. 

The Waste Products of Sugar 
Factories. The bagasse of cane sugar 
factories can be utilised as a fuel, for 
paper making, and as manure. Special 
furnaces are required for burning bagasse. 

With a Grundel semi-gas fur- 
nace it has been found that 
when dry bagasse is used more 
steam is obtained for a similar 
grate surface, and if the draught 
be properly controlled an 
economy of fuel is effected. 
Damp or a mixture of damp and 
dry bagasse can be burnt on 
emergency although there is of 
necessity a diminished produc- 
Dry cane leaves (trash) are only 
slightly inferior to bagasse as fuel. Bagasse wet 
from the mill is commonly regarded as being 
equivalent in fuel value to from one-fifth to 
one-sixth of its weight in coal. Bagasse has also 
been proposed as a food for cattle. 

Molasses is used as a fuel, for the manufacture 
of alcohol, and for feeding cattle. One method of 
using it as fuel is to sprinkle the molasses on the 
bagasse on its way to the furnace, or it can be 
sprayed on the burning bagasse. Animals take 
molasses fodder willingly and no bad effect has 
been observed, no purgative action has been 
noted, and the quantity of milk in the cow fed 
on molasses fodder is increased, though it does 
not keep so well. Organic acids specially suited for 
mordanting wool have been made from vinasse. 

Dried diffusion pulp from beet-sugar making 
should be dried before being used as a cattle 
food, otherwise it tends to bring on certain 
diseases. Beet tops are used for feeding cattle 
or left to rot in the field as manure. The 
waste liquors from beet sugar factories have also 
been uskl as a source of ammonia. 
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Sussr Candy. Sugar candy is used largely 
for priming beer and wine in addition to its well- 
known use as a sweetmeat. The syrup after being 
filtered bright is boiled in a vacuum pan until the 
requisite concentration is reached, the point 
being technically known as boiling to “ thread ” 
or “ feather.” The candy pans or pots have 
holes drilled in the sides, and threads are stretched 
across the hole, being filled up on the outside 
by a mixture of beeswax and resin to keep 
the syrup from running through. The syrup 
is filled into the pots, which are then transferred 
to a store to cool gradually in from 9 to 12 days. 
The rate of cooling influences the character and 
quantity of candy formed. The lower shelf 
or store cools the syrup the more rapidly, but 
the yield is inferior in quality. This is some- 
times corrected by adding more water to the 
pots on the lowest tier. 

Caramel or Burnt Sugar. Caramel 
is the brown substance produced by the action 
of heat on sugar or glucose. It is used in very 
large quantities as a colouring for beverages, 
gravies, and sweetmeats. The processes of manu- 
facture are based on those of Asrymusry, who 
gave two recipes — one for the production of rum 
colouring, and the other for beer or vinegar. For 
'rum colourin'ff take 3 kilos of caustic potash or 
boda and 6 kilos of water, or 4 kilos of carbonate 
of potash and soda and 8 kilos of water. Dis- 
solve with heat in a large iron pan, and add 
120 kilos of giucose or 130 kilos of syrupy 
glucose. Boil over the fire till irritating vapours 
begin to appear, then decrease the heat and stir 
continuously till the required shade is produced, 
and stop the process by adding 30 to 40 kilos 
of water in a fine jet. For beer or vinegar 
colouring, 6 kilos of carbonate of ammonia, 
6 kilos of water, and 120 kilos of glucose are 
required, the method of making being the same as 
for rum colouring. The addition of alkali has for 
its object the production of a darker and brownish 
shade, and renders soluble the small quantity of 
ulmic acid which is always formed towards 
the end of the cooking, thus enabling a solution 
to be made from the caramel which is not 
cloudy. 

Salmon and Goldie, who made a research 
on this subject in 1990, gave the following 
as a good recipe. The glucose used must 
be a well-prepared maize glucose. About 
5 cwt. of good white glucose is melted in 
an iron vessel. At a temperature of 95° C., 
this takes about one hour, and when all the 
glucose is molted the temperature is raised to 
110° C., another 20 minutes being required. 
Then add 45 oz. of carbonate of ammonia and 
15 oz. of chloride of ammonia, and stir occasion- 
ally till the caramel is formed, some two hours’ 
bou^ being needed. This change is very 
noticeable, not only on account of the increase 
in volume of the caramel to about double, but 
because of the evolution of greykh-yellow 
vapour, which is very pungent, staining the 
hands yellow. The temperature of coming on 
is about 154° C. The heating is continued till 
the caramel is so thick that it can only just 
be stirred. This takes about another hour. 


but the time varies. The heat is now turned off, 
and if solid caramel be required, it is thrown out 
on to iron plates, allowed to cool, and broken 
up with hammers. If fluid caramel is being 
made, sufficient water is added to produce the 
required density. Heat is applied and the 
caramel is then passed through sieves to remove 
any carbonaceous or extraneous matter, and 
subsequently stored in iron tanks. 

Some Modern Improvements. Since 
this method was published, the only other 
improvement of importance is that introduced 
in a patent taken out by Oonville and Jarvis in 
1904. These inventors melt glucose or other 
carbohydrate to a syrup, and run the syrup into 
another vessel, where it is mixed at tho atmo- 
spheric pressure with ammonia in solution, or 
otherwise, without the application of heat. 
The mixture is then transferred to a third vessel, 
in which it is heated with agitation to a tempera- 
ture of about 220° F., at about which temperature 
and atmospheric pressure it is maintained until 
caram^lisation is sufficient. 

AnothtT branch of tho investigation of Salmon 
and Goldie had reference to the addition of 
alkalies to the caramel at the latest stage of its 
manufacture. They found that tho employment 
of a small quantity — say, half a pound— of sodium 
or potassium hydrate to 100 lb. of caramel 
distinctly improves the flavour, and that it 
pla3rs an important part in keeping the colour 
dissolved in the beer in which it is employed. 

Analytical Data. Good caramel should 
conform to the following requirements : 

1 . The intensity or colouring power of a cara- 
mel solution, measured in a Lovibond’s tinto- 
meter, using a OTO per cent, aqueous solution 
and a 52-Beries yellow-tinted gloss, should show 
18 degrees on Lovibond’s scale. 

2. The average specific gravity of caramel 
fluid is r377. 

3. The average copper oxide reducing power, 
calculated as dextrose, is about 33 ’87 per cent, 
of the weight of the fluid caramel. 

4. The mineral matter should not exceed 
0*80 per cent, of the weight of the fluid caramel. 

5. The caramel should not be aflocted by proof 
spirit or weak acetic, tartaric, or citric acid 
solutions, and it should not cloud pale ale. 

Test for Caramel. A rough test given 
by Thorpe for ascertaining the presence of 
caramel in beer is to add tannic acid. If malt 
only bo present, the colour is precipitated, but 
caramel colour is not altered. In wines, paralde- 
hyde is used as a test, the caramel being thrown 
out by that liquid as a brown precipitate sticking 
to the bottom of the vessel. 

Sweetmeat Caramel • Sweet caramel has 
no connection with true caramel, or burnt sugar, 
but is prepared by boiling down a solution of 
cane sugar and glucose syrup to the solidifying 
point, a hard, glassy mass being produced. 
About 10 per cent, of glucose is needed to 
prevent the cane si^ar becoming opalescent 
and granular ; but in time, by absorbing moisture, 
the caramel becomes opaque. To prevent 
this as far as possible the squares are wrapped 
in paraffin paper. Vacuum pans yield a lighter- 
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coloured product than that made in open pans, 
but in either process the rule of boiling is, “ the 
quicker the better.” The mass is colour^ and 
^voured appropriately 

Invert Sugar, or Saccharum. Invert 


sugar is an important product in the brewing 
industry. It is used in beer to improve its 
quality and stability and as a substitute for 
})art of the malt. Beers in which this malt 
adjunct is used are preferred by the public, on 
account of the lighter character and full flavour 
thus given to them. Invert sugar is prepared 
by heating a solution of canc sugar with dilute 
acid or yeast, which causes the constitution of the 
sugar to bo altered or inverted, a mixture of dex- 
trose or levuloso being produced. Invert sugar for 
brewing pur])oses should possess a full molasses- 
like flavour, and on this account jaggery is pre- 
ferred by saccharum makers. A good product 
can, however, be made from reflnea beet sugar. 

Garton and Parsons, in 1856 and 1859, took 
out patents for the inversion of cane sugar 
with small quantities of acid; and Horepath, 
in 1862, prepared invert sugar by adding 
3 o*. to 4 oz. of pure hydrochloric acid to 
each cwt. of dissolved sugar, maintaining the 
temperature at between 180° F. and 212° F. for 
one to three hours. The acid was then neutral- 
ised by alkalies, and the product was ready 
for use in the brewery. 

Wohl and Kollrepp's Proceaa. The 

technical defect in previous processes con- 
sisted in the fact that comparatively weak 
solutions of sugar had to be employed, which 
necessitated subsequent concentration, with 
danger of deterioration. There was also a 
large quantity of acid to be neutralised. Wohl 
and Kollrepp found that 30 per cent, solutions 
of cane sugar could be easily inverted, their 
process being based on the following facts : 

1. Tlie rapidity of the inversion of cane 
sugar in concentrated solution by dilute acids 
in 40 to 80 j)or cent, solution at 45° 0. to 105° C. 
is far loss do pen dent on tho proportion of the 
quantity of acid to the quantity of sugar present 
than it is on the quantity of water. As 80 per 
cent, sugar solution contains only one-sixteenth 
as much water for an equal quantity of sugar 
as a 20 ])er cent, solution, the complete inversion 
of an 80 i)or cent, solution, if this action were 
independent of the excess of sugar, would only 
require one-sixteenth as much acid in proportion 
to the sugar as a 20 per cent, solution, other 
conditions bemg equal. Owing to the retarding 
influence of tho excess of sugar about one-twelfth 
of the quantity of acid required for a 20 per 
cent, solution is actually necessary. 

2. In the inversion of cane sugar with acids 
there takes place, along with the decomposition 
of the saccharose and at a speed increasing 
with the concentration of the sugar solution, a 
re-formation of products of condensation of 
the dextrose and levulose, and of both one with 
the other, which precedes and accompanies the 
decomposition and colouring, and the speed of 
which increases more rapidly with the concen- 
tration of the acid than does the power of 


inversion of the latter. Each acid has a very 
low degree of concentration, at which, when 
heated for from about a half to one hour at 
80° C. to 95° C., it completely inverts a quantity 
of cane sugar that may amount to as much 
as about four times the quantity of dilute 
acid employed without decomposing or colour- 
ing the invert su^r formed. 

A Working Example of the Proceaa. 
Tliese investigators calculated out the quantity 
of acid and the time required for various con- 
centrated solutions of sugar, the following being 
a working process foimded on the facts ; 

One ton of flnoly ground white sugar is 
melted at about 95° C. with 2*4 hectolitres of 
water in a heated and closed pan provided with 
agitating mechanism. After cutting off the 
steam 0*222 litres of pure 38 per cent, hydro- 
chloric acid, previously diluted with 10 litres of 
water, is stirred in, and the temperature main- 
tained at from 80° C. to 90° C. for about half an 
hour. The colourless invert sugar syrup is 
drawn off, and is ready for immediate use. 

The vessel in which the inversion is to be 
carried out should preferably be of copper or 
iron lined with enamel, and have steam jacket, 
stirring gear, and means for introducing live 
steam. About 560 gallons of boiling water is 
introduced into the invertor, and the tempera- 
ture maintained at 190° F. to 200° F. by means 
of the steam jacket. One cwt. of sugar crystals 
is run in by means of a hopper, and the mixer 
started. As soon as the sugar is partially 
dissolved a second cwt. of sugar is added, and 
the process repeated until a ton of sugar has 
been dissolved. Next, 13 J lb. of a 10 per cent, 
solution of hydrochloric acid is run in and 
mixed, stirring being continued over one horn* 
at a temperature of 190° F. to 200° F. No 
neutralisation of the product is necessary, owing 
to the trifling amount of acid in the finished 
invert. Tho invert produced is white or only 
faintly yellow, and is intensely sweet with a 
flavour like honey. When cold it is a viscous 
mass, and on standing for some weeks a magma 
of crystalline glucose separates. One ton of 
sugar crystals yields 2,357 lb. of invert sugar. 

Tompson’s Yeast Process. Any com- 
mercial saccharose is dissolved in water heated 
to 95° F. to 160° F. one part of yeast per 100 
of sugar being added and allowed to stand 
five hours. At the end of this time all the cane 
sugar is inverted. The most favourite stren^h of 
sugar solution is 20 per cent., and 130° F. is the 
best temperature to employ. The yeast is sepa- 
rated by adding sulphate of lime and filtering. 
This process can be worked to great advantage 
with low grade raw sugars, but the product is 
not BO well adapted for priming purposes. 

The invert sugar solution can be purified 
by charcoal filtration, as in refining sugar, and 
concentrated in vacuum pans. 

Saccharum is found commercially in the 
fluid and solid forms ; the liquid form is crystal- 
lised by seeding it with small lumps of solid 
saccharum. With sugar at £15 a ton, saccharum 
can be made at about 12s. 8d. per cwt. 


Continued 
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By R. LAING 

'T'HE important place attained in this country The Business of Banking. The business 
* by the second function of banking (the of banking is carried on by private partnerships, 

receiving of money on deposit), although by ordinary joint-stock companies, and by corn- 

fostered indirectly by the legislation intended panics having a certain amount of Governmental 

to restrict note issues [see below], is in the privilege and supervision (usually connected with 
main due to the preference exhibited for it the right of issue). The supervision exorcised 
by the general trading and saving community. may reach the point of actual control of the 

A reference has been made previously to the bank’s business by Government officials, the 

transference of capital from one locality to directors appointed by the shareholders occupy- 
another, and in practice this is done through the ing but a secondary place. In addition, numerous 
branch receiving the deposits of an agricultural instances will bo found of firms or companies 
district remitting the surplus money held by it to who are not considered bankers in the ordinary 
an office in some manufacturing centre, there to be sense, but who are largely engaged in certain 
lent out to traders requiring additional capital. banking business — say, bill discounting, foreign 
If, however, after all such demands have been exchange, etc. The operations of any bank 
satisfied, an unexhausted surplus remains, an depend to a great extent on its clientele and on 
additional source of lending is brought into the locality in which it transacts business — a 
operation. All capital which cannot be pro- country banker, for instance, will not deal with 
fitably employed in the country flows naturally, shipping business. These operations are further 
through the instrumentality of the banks, to referred to in the succeeding sections. 

London, and is there made the means of financing Space does not admit of a detailed historical 
investors in the loans of our needier neighbours resume showing how the Bank of England 

and of maintaining London as an exchange (referred to hereafter as the Bank) came to be 

centre. regarded as the focus and centre of the financial 

The Employmeikt of Money. As a world of this country, but only permits of those 
natural consequence of issue or of deposit, the incidents and enactments being touched upon 

lending of money at interest follows, as other- which exercise a direct influence on the present- 

wise no profit would be made by the institutions day position. 

concerned. The Establishment of the Bank. 

The agency of banking in acting as a middle- The Bank is the offspring of a political organi- 

man between borrower and lender has, in some sation. At the time of its establishment, the 

measure, been encroached upon by the rise of reigning monarch, William III, was none too 

joint-stock companies and the facilities given securely seated on his throne. Notwithstanding 

through them for direct investment. One his undoubted abilities, he had not overcome 

most important section, however, remains un- the prejudices of the Tory party, but had, un- 
affected — the employment of money deposited fortunately, seriously alienated the sympathies 

for a short time, pendii^ a favourable oppor- of the districts in which they predominated. He 

tunity for investment. This is lent through the was dependent, to a very large extent, on the 

agency of the banks to the industries which, at support of those trading centres whose merchants 

the time, are most in need of tem'po/rary capital. dreaded the possibility of the return to power 

Every banker in this country is, to a certain of the Stuart Dynasty, and made it the first 

extent, a dealer in arbitrage, in receiving for col- article of their political faith to support that 

lection documents on other towns and granting which stood to prevent the occurrence of such 

drafts on these places, charging, of course, a a contingency. The merchants and citizens of 

commission for doing so. In the constant pre- London, the largest of all such centres, having still 

par^ness to do such business, he resembles the • in mind a scansions breach of trust perpetrated 

Paris dealers to whom reference has been made, upon them by a Stuart king, were at once the 

and removes what would be, in the absence of such most important and the most vehement section 

preparedness on his part and on the part of of the Whig party, and were the means of 

others, an irritating check to commerce — he enabling it, in the divided state of the country, to 

saves the B’s the necessity of seeking for and maintain a front against the power of France, 

bargaining with the A’s. 'me functions of loan The Government, in consequence of the 

and remittance are combined in the discount ceaseless war expenditure, were never free from 

of a bill payable in another locality. financial embarrassment, and, ^ereforo, when at 

'^e fiction of the safe custody of valuables, a time of particular gloom a proposal was m^de 

which requires no explanation, was in reality for the establishment of a corporation to sub- 

the preoiuBor of that of deposit, the care of the scribe in the first place a new loan, they readily 

client’s money following naturally the keeping agreed to concede to it certain privileges and 

of his securities. monopolies in banking. 
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These privileges were limited to a certain 
number of years, but this clause was rendered 
completely inoperative by the never-ending 
financial predicament of each succeeding Govern- 
ment, the Bank authorities, at each renewal of 
their charter, being able by some judicious 
assistance (coupled with that rendered during 
the period then elapsed) to retain each and all, 
and oven at times to add to their stringency. At 
no time, as a result of the continual struggle with 
France, was any Government able to bargain with 
the Bank authorities on even equal terms, the 
matter only being brought to a conclusion by the 
Act of 1844 — the arrangement that is at present 
in force. 

The Bank’s Monopoly. The practice of 
banking at the close of the seventeenth century 
was looked at very differently from the way in 
which it is now regarded. Deposit banking in its 
present form was non-existent, and it was deemed 
impossible to make banking profits without the 
right of issue, this dogma being so firmly held 
that, to all intents and purposes, banking and 
note issue wore interchangeable terms. In 
consequence of this, when it was desired to give 
the Bank the sole right of coi^iorate or joint-stock 
banking in England (afterwards restricted to the 
district within 65 miles of London) it was deemed 
sufficient to ena"*t, to quote the words of the 
Act of 1708 : 

“ That during the continuance of the said cor- 
pciration of the Governor and Company of the 
Bank of England it shall not be la^ul for any 
body politic or corporate whatsoever, created or 
to be created (other than the said Governor and 
Company of the Bank of England) or for any 
other persons whatsoever, united or to be 
united in covenants or partnership, exceeding 
the number of six persons, in that part of Great 
Britain called England, to borrow, owe, of take 
up any sum or sums of money on their bills or 
notes payable on demand, or at a less time than 
six months from the borrowing thereof.” 

Banker to the Government. In conse- 
quence of this privilege and the interpretation 
accorded to it by current opinion, the only rivals 
which the Bank encountered in its trading were 
the private banks of the metropolis, and these, 
restricted in their number of partners to six, 
tacitly admitted their inferiority to a large 
corporate body possessing the support and 
friendship of the Government, gave up in time, 
although under no obligation to do so, their own 
issues, and used the notes of the privileged insti- 
tution. Although not a State bank in the strict 
sense of the word, but only an ordinary trading 
company, it held the privilege already touched 
upon, acted as banker to the Government, and 
was regarded by the private bankers as possessing 
a prestige greater than their own. With the rise 
of deposit ban'dng, an additional weight was 
given by the circumstance that when it was 
discovered that joint-stock banks could transact 
a profitable business (without the issue of notes) 
within the restricted area, the banks which then 
entered the field of operations did not dispute the 
place they found accorded to the Bank of Eng- 
land, but, on the contrary (the preliminary 
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acrimonious disputes ori inating in the jealous 
anger of the !^nk authorities having been 
closed), gradually established with it the present 
friendly relations, and concluded by making U the 
depository of their reserves. 

The Country** Final Reaerve. The 
Bank, originally established solely with a view to 
transact corporate banking and to lend some 
very acceptable assistance to Government, had 
already the care of the greater portion of the 
paper currency of the country committed to its 
charge ; but this action on the part of the other 
joint-stock banks saddled it with the more onerous 
duty of controlling and safeguarding the final 
reserve of this country, a duty which, although 
never formally admitt^ by the Bank authorities, 
claims the closest attention of the Court of 
Directors. 

The Bank’s note issue can, however, have but 
little claim upon their time, the duties of the 
Bank in this connection having been laid down 
with great rigidness and exactness by the Act of 
1844, which, in effect, converts the Bank (for 
this purpose) into what is nothing more nor less 
than a machine. It will be quite sufficient, in 
consequence, to briefly recount the objects of this 
Act and the means taken in it to attain them. 

The domain of finance is a particularly fasci- 
nating one for Parliamenta^'y theorists, and, in 
consequence of the crises of 1797 and 1825, there 
existed, at the beginning of last century, a very 
considerable body of politicians deeply interested 
in this question. They were possessed by the 
firm conviction that the crises and their attendant 
evils were solely due to excessive issues by the 
country banks, who were held to have encouraged 
the most reckless speculation. Their £1 issues, 
circulating largely in the hands of a class 
at that time un^ucated, and in consequence 
extremely liable to unreasoning panic (in the 
event of any suspicion arising as to the cir- 
culating medium), were singM out for special 
attack. 

Country Banks and Panic. Tlie disease 
was considered too desperate for cure. The 
small notes were got rid of, and the Act of 1844 
'was passed to cripple, and in time destroy, the 
country circulation — a process that seems to bo 
approaching completion. 

The following constitute the chief provisions 
of the Act of 1844 : 

1. The Bank of England was divided for the 
purposes of the Act into two demrtments, those 
of Issue and of Banking.^ The Banking Depart- 
ment (carrying on business in the ordinary 
manner), is not dealt with by the Act. 

2. The debt due by the Government to the 
Bank, and sufficient securities to make up a total 
of £14,(X)0,(X)0, were to be taken over by the 
Issue Department, and that department was 
authorised to hand to the Banking Department 
notes equalling this sum. In addition, it was 
authorised to hand to the Banking Department 
notes in exchange for all bullion transferred, with 
the provision that the s lver bullion held at any 
time by it was not to exceed one-fourth of the 
amount of gold bullion concurrently held by 
them 
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3. Notes at the rate of £3 17s. 9d. per standard automs 

ounce were to be given by the Issue Department slighter 
in exchange for gold bullion tendered to it. former! 

4. If for any reason some country issue lapsed, which 

the Crown in Council was authorised to increase On thr 
the issue of the Bank against securities to the 1B66) t 
extent of two-thirds of the lapsed issue. The the onl 
reasoning on which this provision was founded and or 
was the supposition that against such issues an the 
amount in bullion equalling a third of their sum stonpa^ 
would bo held by the issuing banks as a reserve. The 
and would, on the issues lapsing, be thrown into ^isis i 
circulation, the net loss in currency being only Bank’s 
two-ihirds. The authorised issue against securi- are cal 
ties i^ now £1 8,450,000. deposit 

5. The weekly return, dealt with later, was their bj 

ordered. increaa 

Country Issues. We now give a list of increas< 
the regulations with respect to country issues. requrin 

1. Issuers restricted to those issuing on The no 

May 6th, 1844. groat a 

2. Those then issuing allowed to continue, oou 

subject to certain conditions. by all 

3. All claiming right to issue to return a this 

statement of their average issue for the 12 weeks as in tl 

ending April 27th, 1844, and this to form the panic, 
maximum of their future issues. obtain i 

4. Penalties imposed in the event of this suspens 

maximum being exceeded, or of failure to render the Bai 
weekly returns. yau 

5. The Bank of England authorised to com- matic s 

pound with those wishing to cease issuing, at rather \ 
the rate of 1 per cent, per annum, all payments The 
to terminate in 1866. the ope 

6. Issues lost if issuer became bankrupt, or be deal 

ceased to issue, or if bank with six or less return ] 

partners increased the number to more than The fol 

six. A country joint-stock bank, issuing notes, ending 
establishing an office within 

65 miles of London (the . , . . 

XT X* I • • 1 -D 1 • An account pursuant to the 

National Provincial Bank is Wednesday, Fel)raary 7th, 1906. 
an example) does so at the cost 

of the loss of its issue, while if ^ote, toued . . . . £50, 

two joint-stock banks of issue 

unite, the resulting corporation 

can only retain the issue of one £i,o, 

whose name it takes. BANK 

7. A yearly licence of £30, ProprietorB’ Capital ..£ 14 , 

payable for each place of issue , , • • I’ 

^ II (c) Public B.'pOBltn*. . . . 0, 

—four heences to cover all (d) other DjpoUts . . . . 4i, 

branches open prior to 1844. (c) Seven Day and other Bill* 

8. Any company or cor- 

porate body allowed to carry • IncludiuK Exchequer, Savin) 
on banking business within ® 

65 miles of London, provided 

no bills were drawn, accepted, or endorsed The ] 

by it payable to bearer on demand. deliver 

Position of the Banh In a Crisis. No by it, 
note may be issued under £5. The Bank sterling 
of England notes, which are legal tender in in retu 

England (save when tendered by the Bank) issue (i 

are only payable at the office of issue or in public, 

London— repayment of a note issued in Bir- £28,232 

mingham cannot be legally demanded at Liver- is in tl 
pooh but it is payable in gold on demand at demani 


automatic action could not prevent in the 
slightest degree those recurrent crises (ascribed 
formerly to excessive country issues) to regulate 
which was the primary intention of its framers. 
On three separate occasions (in 1847, 1857, and 
1866) the operation of the Act was suspended as 
the only means of combating the existing panic, 
and on each of these occasions a continuance 
of the Act’s restrictions would have entailed the 
stoppage of the Bank. 

The approach of anything like a financial 
crisis at once makes an impression on the 
Bank’s reserve. Bankers all over the country 
are called upon to grant loans or to repay 
deposits (with a consequent withdrawal of 
their balances at the Bank). As the tightness 
increases, so do the demands on the Bank — the 
increased demand for settlement of debts in cash 
roquring an enlarged circulation of currency. 
The notes of the Bank of England possess so 
groat a prestige that even in the severest panics 
this country has known they have been accepted 
by ail as the equivalent of gold. An increase 
in this universally accepted credit money will, 


\T the 12 weeks in the past, speedily combat the effects of a 
is to form the panic, by enabling all solvent individuals to 
obtain the assistance they require ; but until the 
event of this suspension of the Act makes it permissible for 
wlure to render the Bank to issue without regara to bullion in 
its vaults, every note issued brings the auto- 
orisod to com- matic stoppage of the Bank nearer, and increases 
aso issuing, at rather than diminishes the panic and failures. 

L, all payments The BanR’e Weekly Return. Before 
the operation of the Bank’s discount rate can 
^ bankrupt, or be dealt with, some explanation of the weekly 
th six or less return required by the Act of 1844 is desirable, 

to more than The following is a copy of that for the week 

, issuing notes, ending February 7th, 1906 : 

BANK OF ENGLAND 

An account purnuant to the Act 7 ami H Viet., cap. 32 for the week ended on 
cdneBday, February 7th, 1906. 


ISSUE DEPARTMENT 
. . £.*>0,406,050 (hivernmont Debt . . 

Other SocuritieB 
Oo!d, Goin and Bullion 

£60,405,050 

BANKING DEPARTMENT 


. . £14,558,000 Government SecuritieB . 

.. 8,581,466 Other SecuritieB . . 

. . 9,6.38,276 (a) Notes 

. . 41,794,089 ih) Gold and Silver Coin . 


. £11,015,100 
7,484,000 
. 31,965,050 

£50,405,060 

, £12,684,867 
. 33,311,181 
. 22,171,380 
. 1,620,306 


£60.687,664 


but it is 
Birmingham or 


ever merit the Act coulc 


Includinff Exchequer, Savings Banks, Commissioners of National Dibt, and 
Ulend Account 

ebruary 8th. J. G. NAIRNE, Chi>/ Cashier. 

or endorsed The practice of the Banking Department is to 
ud. deliver to the Issue Department all bullion held 

Crisis. No by it, with the exception of about a million 

The Bank sterling (retained as till money), and to receive 

gal tender in in return notes of an equal value. The real 

Y the Bank) issue (».e., the circulation in the hands of the 

t issue or in public, in the above example) is therefore 

sued in Bir- £28,233,720 (£50,405,050 less £22,171,330). As it 

ded at Liver- is in the power of the Banking Department to 

Q demand at demand from the Issue Department coin or bul- 

lion for the notes held by it, the available metal 
r showed that, what- reserve of the Bank was accordingly £23,791,636 
lay claim to, its (£22,171,330 plus £1,620,306). So long as the 
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Act vemains in operation, the Bank cannot 
allow the total bullion in its hands to fall below 
the amount of the real oiroulation less the 
issue authorised against securities — ^the amount 
of bullion in the case given being represented by 
the figure £9,783,720 (the real circulation being 
£28,233,720, and the authorised isBue£18, 450,000). 
Once the bullion in the vault reaches this point 
the Bank ceases to do business, no matter how 
greatly its assets exceed its liabilities, or how 
readily its notes are accepted, unless the opera- 
tion of the Act is suspenaedL 

Xhe item of £14,553,000 is the capital of the 
shar^olders, while that for £3,581,456 is the 
rest or reserve fund of undivided profits (which 
latter is in practice not allowed to drop below 
£3,000,000). The liabilities of the Bank to the 
Government and public are composed of the 
remaining three items, in this instance amounting 
to £51,553,178. 

The BanK*e Reserve. The last item of 
these three is a small one, consisting entirely of 
outstanding drafts, and is easily provided for, 
while, except in time of war, the public deposits 
occasion, or should occasion, no trouble to the 
Bank authorities. The periods of collection and 
expenditure are regular, and the reserve to be 
kept against them is easily ascertained, while 
it IS safe to assume that we Government will 
not be forced to withdraw its deposits in time 
of peace to satisfy its creditors. The variations 
of the remaining item are not so regular, and 
one section in particular, the bankers’ balimces, 
is very liable to sudden withdrawals. 

The Bank’s directors have weekly to decide 
if, in their opinion, and in view of every circum- 
stance, the reserve comprised of items a and b 
is a sufficient one to be kept against c, d, 
and e. The proportion deemed to be safe is 
not a constant one, and, indeed, it may happen, 
throu^ an unexpected financial movement, that 
the reserve formerly considered inadequate may 
be looked up(m as too large, although it has 
remained stationaiy, and we Bank’s liabilities 
have at the same time largely increased. 

The factors which may qualify so largely the 
relative amounts are the state of internal trade 
and of international exchange, while the lever 
with which the Bank endeavours to keep iffi 
reserve at the desired proportion is its Minimum 
Discount Bate. 

Influence of the Markets. But the 

Bank finds its task to-day by no means so 
easy of accomplishment as in the past. Then 
it dominated the discount market of London 
(at that time without a serious rival or com- 
petitor), any change in its rate having an 
immediate effect. To-dav the position is greatly 
altered. The markets and exchanges of the Con- 
tinent and America must now be reckoned with ; 
the conditions of exchange, in consequence of the 
changed circumstances of eommerce, are much 
more complex; it is surrounded by discount 
institutionB with which it does not in ordinary 
times compete, whose business in some oases ex- 
ceeds its own, and whose interests may run con- 
trary to its proposed action ; the demand for gold 
has enormouslf increased ; and, while some ot^ 
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markets absorb greedily all metol that flows in 
ilibir direction, wey are by no ineans so willing 
to part with it in turn. In consequence the 
Bai^ may sometimes be compelled to supplement 
an alteration in its rate by entering the open 
market and taking measures to see that the rates 
obtaining there approximate to its own. 

Long and Short Exchange. It is evident 
that a bill payable 90 days after sight is not so 
valuable as one which is payable on demand, 
the difference equalling the discount which the 
holder of the former biU would require to pay if 
he desired to realise the draft. The Ironch 
merchant in Paris in buying a bill on London 
takes this, of course, into consideration, and, 
as he is onfy entitled to take credit when 
remitting to London a bill at 90 da^ (instead of 
one at sight) for the amount his London corre- 
spondent will receive on discounting the docu- 
ment, he will require an allowance from his 
fellow Parisian which will balance matters. The 
cash value of a bill for £1 payable in London in 
73 days, if discount is at 5 per cent., is £^, and, 
if the French sight exchange is at 25.25, its cash 
value in francs in Paris is i^ijijths of 25.25 = 
24.99|. In the same manner a London merchant 
purchasing a bill on Paris payable in 73 days 
will require, assuming sight rate at 25.25 and 
discount in Paris at 5 per cent., to receive, 
expressed in the face value of the bill. ^jPths 
of 25.25 francs (or 25.50^ francs) for each 
£1 in cash. 

A change in the London discount rate entails 
a corresponding variation in the long foreim 
exchanges, which does not extend to the sight 
exchanges. An increase to 6 per cent, would, 
if the sight rate continued to be quoted at 25.25, 
alter the cash value of the bill for £1 at 73 days 
on London to 24.94 ^ francs, while a fall to 
4 per cent, would result in a quotation of 25.04f 
francs. A me in interest in London allows bills 
drawn on it at a usance to be purchased for a 
less amount in foreign currency, and renders 
unprofitable the resale of bills already held. 
The rates given are quite arbitrary, and in 
actual practice stamps and other factors enter 
into account. 

The Effect of Bank Rate on Mar- 
ket Rate. The interest allowed by bankers 
and bill brokers in this country on deposits 
lodged with them varies with the Bank’s dis- 
count rate. Any rise or fall in the Bank’s rate 
is reflected in the deposit rate and consequently 
in the discount rate of the open market, com- 
tition tending to keep the margin of profit 
tween these two rates imiform. A rise in 
the Bank’s discoimt rate (implying a rise in 
interest rates all over the country) is, however, 
regarded by the trading community as a most 
disagreeable check on industry and production, 
only justified by the existence of some dangerous 
tendency, which cannot be defeated save by 
means of such an c^ency. 

One striking difference between the prac- 
tice of banking on the Continent and in this 
country is the prevalence of forew exchange 
business there compared with uie absence 
of it here. This statement seems, at first 
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sight, to be ridiculous, but \\^hat is meant 
is that, while a Manchester banker will not 
hold a bill on Paris in his bill case, but 
will forward it at once to London for collec- 
tion or sale, a Paris banker will retain a 
Manchester bill until maturity should it be ivorth 
his while to do so. Again, the British manu- 
facturer or merchant has no wish, as a rule, 
to indulge in the speculation of exchange. All 
his calculations are based in sterling money; 
he knows exactly what he requires to receive 
or pay in this currency to make his usual profit, 
and, if the foreigner will remit to or draw upon 
him a bill in English sterling money, he wiU 
cheerfully leave to him any pickings or pleasur- 
able excitement he may obtain from the fluctua- 
tions in exchange. As a result an enormous 
number of bills are drawn on the Continent upon 
this country, and these form a favourite source 
of investment among Continental bankers. 

Effect of the Bank's Diacount 
Rate. The rate at which they are discounted 
is the London one, and, should the foreign rate 
of discount rise above this, it will be to the ad- 
vantage of the Continental banker to sell or 
discount his London paper and invest his money 
at home. If this is done to any great extent 
the exchange will be forced down, and may in 
time approach the gold point unfavourable 
to this country. On the other hand, by raising 
the rate in this country this danger is averted, 
and if the excess over the (continental rate is 
sufiiciently great it will in time induce a flow of 
gold to this country through the lock-up of 
paper drawn at a currency. 

The Bank’s directors, therefore, when the 
reserve is low, the foreign exchanges unfavour- 
able, or the outlook unpromising, prevent by their 
influence over the money market of this country 
the export of gold, or even induce its import ; 
while, if the reserve be high, the exchanges 
favourable and the outlook settled, they will, 
by the reduction of their rate, assist industry 
and commerce throughout the country. 

Private and Joint-atock Banka. The 
other banks divide themselves naturally into 
two distinct classes — the private and the jomt- 
stock banks, llie former were at one time a 
very numerous body, no locality being without 
its bank, the partners of which were recruited 
from local families, but of the vast majority 
no trace is left save a string of names (as an 
alternative title) on the stationery of the branch 
of the absorbing joint-stock bank. In not a few 
instances one family established themselves as 
bankers in various localities, the st^le under 
which the business was carried on varying accord- 
ing to the nomenclature of the lo<‘al partners. 


The London bankers enjoyed a higher stand- 
ing than their provincial compeers, but even of 
them only a few now remain. The present day 
tendency is in the direction of large joint-stock 
companies possessing numerous branches, some 
in the agricultural districts, and others in the 
manufacturing or trading centres, each institu- 
tion being in this way independent of any 
outside agencies for deposit or loan business, 
the total number of bank offices in this country 
at the do. e of 1905 being 7,393. No super- 
vision or control is exorcised by the Bank 
of England over its businoss competitors, 
although its notes are used ly them, and it is 
made the depository of their reserves. This, 
however, does not free the Bank from being 
called upon to assist all and sundry in time 
of panic. 

Branch Banka. A number of branches 
spread over a large tract of country gives to 
any bank an increased security — a crisis in 
any particular part, which would, perhaps, 
bring about the suspension of a purely local 
bank, being met by means of the assistance 
of branches situated in districts unaffected by 
the movement. The agency of London bill 
brokers in the employment of the surplus 
deposits of a bank in an agricultural district 
in the re-discount of bills held by a bank doing 
business in a manufacturing county is dispensed 
with by the amalgamation of the two institu- 
tions. The balance between any particular 
branch and all the other branches (if the amount 
is due hij it) ohows the excess of its loans and 
cash balance over deposits — t.c., the excess of 
assets possessed by the bank at that office. 
A deposit branch will, on the other hand, be 
a creditor of the other offices. The nature of 
the local business transactions have a great 
effect on the items composing the running 
account between any branch and the other 
offices. 

The banks in the manufacturing town referred 
to in the last article will, if the foreign mer- 
chants pay in bills on London, receive and 
remit these for their credit in London. In this 
way they provide funds to enable the London 
office or correspondent to meet the cheques on 
the manufacturing town, issued by the manu- 
facturers in payment of raw material, which 
cheques will bo presented through the Clearing- 
House by the agents of the bankers of the raw 
material suppliers. Again, if in the receipts of 
any office there is contained a greater or lesser 
amount of cash than it can pay away in the 
ordinary course of business, the cash balance 
will be adjusted by periodical remittances to 
or from another of&e. 


Continued 
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North America— continued. The United States. The Federal Republic of 

Coutiuued from 
IM««4089 

Mexico. The States of Central America. The Panama Canal. The West Indies 


By Dr. A. J. HERBERTSON. M.A., and F. D. HERBERTSON, B.A. 

THE UNITED STATES oommunication with the St. Lawrence, the 

New England. New England consists of Great Lakes, and the west, by the Hudson 
the states of Maine, New Hampshire, Vermont, and Mohawk valleys. It is the outlet for the 

Massachusetts, Rhode I<*land, and Connecticut. whole country east of the Rookies. Built on 

All belong to the highland region, and rise a relatively limited space, ^ and with an enor- 

from a narrow coastal plain to rugged forested mous population crowded into a small business 

highlands, which make lumbering and the allied quarter, it expands upwards by erecting enor- 

industries important, especially in Maine. The mous buildings, or skyscrapers, twenty or thirty 

rivers form falls' where they leave the highlands. storeys high, one building containing the popula- 

Along this fall line, at no great distance from *** small town. It is a fine city, with 

the sea, are many manufacturing towns, using broad streets and beautiful parks, 
cheap water and electric power. Boots, shoos. Some Flourishing Cities. The beautiful 
and textiles are manufactured in the Massa- scenery of the Hudson valley^ has earned it the 

chusetts towns ; cheap clocks and other Bir- name of the American Rhine. Albany, the 

mingham wares in Connecticut ; jewellery in capital of New York State, is built at the 

Rhode Island; and boots and shoes in New ^lead of tidal navigation. The Mohawk valley 

Hampshire, i^heries in the coastal waters and Erie Canal lead to Buffalo, on Lake 

on the Newfoundland Banks are important, Erie, which utilises the power supplied by 

and much fish is canned or dried for export. Niagara for its flour mills, distilleries, breweries 

Boston (Massachusetts) and Portland (Maine) are and machine shops. Troy, near Albany, manu- 

the busiest ports and commercial centres. factures shirts. Pittsburg, already mentioned, has 

Important universities have been founded, wells and refineries, as well as the largest steel 
Harvard (Cambridge, near Boston) and Yale works in the United States. It was the old Port 
(New Haven, Connecticut). Duquesne, and commands many routes to the 

Reaourceaofthe Mid- Atlantic States, west, and the important route ewt acrow the 

New York, Pennsylvania, and Maryland lie Appalachians by the Potomac. The outlet of 

partly on the Appalachian plateau and partly Pennsylvania is the pjort of Philadelphia, which 

on the coastal plain, the breadth of which rapidly manufactures locomotives, vessels, and machinery 

increases to the south. New Jersey, Delaware, and generally. In New Jersey is Trenton, famous 

the district of Columbia, the territory containing for pottery, and Jersey City, in reality, a suburb 

the Federal capital of Washington, are on the of New York. In Maryland, Baltimore competes 

plain. The Appalachian heights are lowest in the with New York and Boston in shipping prairie 

north, where the Hudson and Mohawk valleys, wheat, which is brought across the Appalachians 

the latter followed by the Erie Canal, make com- ^7 Potomac Gap. Its commerce also includes 

munication across them easy. The Delaware many products of the southern states and its own 

Potomac make important routes further south, manufactures. Washington, the Federal capital, 
where the height and ruggedness increase. City of Magnificent Distances, is finely 

The forests of the Appalachians supply valuable planned on modem linos, with many parks, 

timber. The Pennsylvania highlan<ni contain broad avenues, and national monuments. The 
immense deposits of coal, iron, and petroleum, Capitol is the meetmg-place of Congress, and the 
mftlring this a wealthy industrial region, with White House, the residence of the President, who 
many fiourishing towns, of which the greatest is holds office for four years. 

Pittsburg, on me Ohio. Many manufacturing TM Southern Atlantic and Gulf 
towns — such as Trenton, in New Jersey— haye States. Virginia, North Carolina, Tennessee, 

grown up at points where the rivers form falls Alabama, and Georgia, belong partly to the 

on leaving the highlands. Lumbering, farming, Appalachian region, which is here very high, 

and dairying are all important, and the fisheries rugged and difficult to penetrate. The forests 

off the coast are of considerable value. Chesa- of the mountains and of a strip of land near the 

peake Bay has large oyster fisheries, and Balti- coast are extremely valuable, and timber and 

more exports both uresh and canned oysters. The turpentine are valuable exports. All the coastal 

wholeregionis very prosperous, and only a few of states— Virginia, North and South Carolina, 

the innumerable flourishing towns can he named. Georgia, Alabama, Mississippi, Louisiana — ^havo 

New York, the largest port and commercial hot, moist coastid swamps, in which many 

and manufacturing centre, has more than half valuable crops are grown, chiefly by negro labour, 

the population of London. It is built on the The summers are extremeljr hot, and &e winters 

shores of the Hudson and on islands at its warm. Texas, Mississippi, the GaroUnas and 

mouth. Among its natural advantages are a GecMgia lead in cotton, Louisiana in sum— also 

magnificent harbour on the Atlantic, and easy cultivated in Florida and Georgia— and in rice, 
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also raised in the Oarolinas and Georgia. Much 
of Texas is too dry for agriculture but forms 
good grazing country. The stock from Texas 
and from adjacent Oklahoma and Indian 
Territory is slaughtered or sent east. Coal 
is widely distributed in Alabama, Tennessee, 
Indian Territory, Arkansas and Texas, iron in 
the hrst two states, and petroleum in Texas. 
Steel is manufactured at Birmingham, in Ala- 
bama. The cotton manufacture is developing 
rapidly, especially where water power is avail- 
able, as at Atlanta and Augusta, in Georgia. 

Richmond, in Virginia, at the head of tidal 
water on the James River, manufactures cotton 
and tobacco. The Atlantic ports, Norfolk, 
Wilmington, Charleston, Savannah, and the 
Gulf ports, Pensacola, Mobile, New Orleans, 
Galveston, and Houston export cotton. The 
Atlantic ports also ship lumber and turpentine. 

The Prairie States. West of the 
Appalachians are tlie prairie states of Michigan, 
Wisconsin, Minnesota, North and South 
Dakota, Ohio, West Virginia, Kentucky, Indiana, 
Illinois, Missouri, Iowa, Kansas, and Nebraska. 
The north-eastern portion of this area is 
within the forest belt. Parts of West Virginia 
smd Kentucky are in the forested Appalachian 
region, but west of these the Black Hills of South 
Dakota are the only considerable elevations. 

These prairie states are the great food-producing 
regions of the United States. In the eastern 
prairies wheat is grown in the north, and maize, 
locally used to fatten hogs, in the south. Stock 
is kept on the drier ranches of the west. Flour- 
milling, brewing and distilling, are important 
in the large towns of the farming regions, and 
the slaughtering of cattle, the canning and 
preserving of meat, and the preparation of hides 
and leather, are important industries in the large 
towns nearer the ranching districts. The states 
round the Great Lakes are densely forested, and 
the lumber industiy in all its forms is important. 
The mineral wealth is great. Much iron is 
mined round the western end of Lake Superior, 
and copper is abundant near the south shore in 
Michigan. Coal is widely distributed, and petro- 
leum and natural gas abound in Ohio and Indiana. 
Gold is obtain^ in considerable quantities 
in the Black HiUs of Dakota. Many industries 
are growing rapidly, the principal, in addition to 
those connect with food-stu^, being the 
manufacture of railway plant, for which both 
iron and timber are easily obtained. Shipbuild- 
ing is important at many of the lake ports. Add 
to this the very great facilities for movement 
in all directions across the level prairies, and the 
admirable water communication b^ lakes and 
rivers, and the actual and potential riches of 
these states become evident. 

Cities of the Prairie States. The 

capital of the {nrairies is Chicago, on Lake 
Michigan, built on the site of an old fort from 
which there was an easy portage to the Illinois 
tributa^ of the Miraissippi. This is now 
followed by a canal, which permits throu^ water 
communication between the Gulf of St. lawience 
and the Gulf of Mexico. Chioago is one of the 
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greatest railway centres in the world, and the 
half-way house at which the products of east 
and west are exchanged. It has important 
manufactures of iron am finished lumber, but 
its characteristic industry is the slaughtering 
and preserving of the cattle and hogs fattened 
further west. Other important meat centres 
are Kansas City, Omaha, and Indianapolis. 
Cincinnati, once nicknamed Porkopolis, no 
longer deserves the name. Population has moved 
west, and Cincinnati, formerly on the western 
margin of the settled area, is now too far east to 
be a meat market of the first rank. Its situa- 
tion makes it an important commercial and 
trai^ort centre. The leading state in lumber 
is Vnsconsin. Minnesota takes the lead in 
flour-milling. The greatest flour-milling town is 
Minneapohs, at the Palls of St. Anthony, which 
supply the necessary power. It is practically 
continuous with St. Paul, the head of unbroken 
navigation on the Mississippi. Duluth and the 
lake ports ship much wheat. Brewing and 
distilling are important at Milwaukee, on Lake 
Michigan, at Louisville (Kentucky) — famous also 
for its tobacco market — built where rapids inter- 
rupt the navigation of the Ohio, and at many 
other advantageously situated towns. Cleve- 
land (Ohio) has large ironworks, and is the port 
from which much Lake Superior iron ore is 
sent to Pittsburg. Of route towns note the 
importance of St. Louis, at the confluence of 
the Missouri and Mississippi, where many routes 
by land and water converge. These are but a 
few of the conspicuously prosperous cities in a 
region which little more than half a century 
ago was almost untrodden by white men. 

The Mountain States. Little need be 
said of the mountain states of Montana, Idaho, 
Wyoming, Nevada, Utah, Colorado, Arizona, and 
New Mexico. They are large, infertile, and 
thinly populated. Lying in the lee of lofty 
mountains, their climate is very dry. Most of 
the drainage is to the Pacific or the Gulf of Mexico, 
but in Utah and Nevada there is a great area 
of inland drainage, the Great Basin. The little 
rain that falls evaporates very quickly, and the 
rivers flow to lakes whose level is not high enough 
to allow an outlet to the sea. Souui-westem 
Arizona and Eastern California form the Ameri- 
can desert. The natural resources are much less 
valuable than in the prairie states. The moun- 
tains contain great mineral wealth, including 
gold and silver ; but mining alone never leads to 
the permanent development of a region. Unless 
other sources of wealth are there, prosperity 
vanishes when the richer mines are worked out. 
These states have few such permanent resources. 
Ranching is successful in the eastern parts of 
Montana, Wyoming, and Colorado, but the 
risk of losing stock throu^ want of water 
makw it more precarious than in the prairie 
states. Agriculture is possible with irrigation. 
In the future great engineering works for irriga- 
tion will doubtless be undertaken. Salt Lake 
City, in Utah, illustrates the jHXMSperity which 
resmta from successful irrigation; and this 
prosperity is spreading to the irrigated regions 
at the eastern base of the Rookies. 
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Towns are not yet numerous. Denver (Colo- 
rado) has smelting works and other industries. 
Cheyenne (Wyoming) is the centre of the ranch- 
ing country, and an im^rtant railway centre. 
Natural beauty and bracing air arc assets which 
will become valuable. Colorado Springs is already 
a frequented health resort. 

The Pacific States. The Pacific states. 
Washington, Oregon, and California arc wooded 
in the west but arid in the east. Lumbering is 
important. Much of the timber used in the 
woodless districts of China corner from Puget 
Sound. Much wheat is grown in the fertile 
valleys between the coastal ranges, and the 
mountains further east. The valley of Southern 
California, with the climate of Italy, produces 
all fruits in perfection, and manufactures wine. 
The salmon fishery is important in many rivers. 

The chief town 
is San Francisco, 
with a fine har- 
bour of great 
natural beauty 
and railway com- 
munication with 
all parts of the 
continent. It is 
the New York of 
the Pacific, and 
the starting- 
point of the 
trans -Pacific 
lines. Seattle and 
Tacoma (both in 
Washington) 
and Portland 
(Oregon) are im- 
portant ports 
further north and 
terminal stations 
of transcontinental lines. Of inland towns the 
most important is Sacramento, in the Cali- 
fornian valley. 

Alaska. Alaska is on the margin of tundra 
and forest, and belongs to both regions. Gold 
is abundant in the sands of the Yukon and its 
tributaries and on the seashore near Nome. 
St. Michaels is the port of the Yukon. From 
Dyea the railway is carried to the upper Yukon, 
in Canada. 

MEXICO 

South of the United States lies Mexico, a 
federal republic of many states and territories, 
under an elective president. 

Mexico is a continuation of the southern 
United States, which it resembles. It lies 
between the Atlantic and Pacific Oceans, and 
includes the southern part of the Californian 
peninsula in the north-west, and the low pen- 
insula of Yucatan in the south-east. 

Mountains and RiTsrs. The two oceans 
are bordered by mountain ranges, between 
which is enclosed the plateau of Central Mexico, 
a cemtinuation of the Colorado plateau. This 
plateau rises in height from about 3,000 ft. in 
the north, to 8,000 ft. in the Anahuac plateau, 
on which is the capital, Mexico City, in the south. 


Many ranges cross the plateau, and in the extreme 
south is a lofty chain of volcanoes, active, 
dormant, and extinct. Orizaba (18,500 ft.) is 
one of the highest points of the continent. 

South of the Rio Grande, which forms the 
Texan frontier, the rivers are impetuous moun- 
tain torrents, or flow in deep, rocky gorges, or 
barrancas, which may bo 1,000 ft. deep. These 
barrancas arc often dry, except after rains, but 
th^ make communication across the plateau 
difficult. 

The Pacific ca^istal plain is narrow. The 
Atlantic coastal plain is about 60 miles broad and 
fringed with lagoons. Mexico has very few good 
natural harbours in a coast-line of 6,000 miles. 

Climate. Three zones of climate are dis- 
tinguished by the Mexicans. Up to 3,000 ft. is 
the tierra cdHerUe^ or hot belt, with a tropical 

climate ; &om 
3,000 to 9,000 ft. 
the tierra tern- 
plada, or tern 
perate belt ; and 
above 9,000 ft. 
the tierra fria, or 
cold belt. Within 
these belts there 
is naturally con- 
siderable varia- 
tion, according to 
elevation. 

N orthern 
Mexico and the 
Californian pen- 
insula resemble 
the adjoining 
arid regions of 
the United 
States, and only 
the mountains 
receive rain. There is a desert area in the lee of 
the western Sierra Madre. Elsewhere, there is 
more or less rain during the summer wet season, 
but the dry season is rainless. 

The tierra caliente is covered with tropical 
forest, producing palms, rubber, and the valuable 
rosewood and mahogany. In the tierra teni’ 
plada the plateau is treeless, but the mountain 
slopes are forested with evergreen oaks and, 
higher, with the usual temperate forest trees. 
In the drier regions the vegetation is of the 
desert type. Giant cacti are common, land 
the agave, or American aloe, from which a 
highly intoxicating drink and a most useful 
fibre are obtained, is very abundant. 

One of the most forbidding varieties of cactus 
grows to from 5 to 15 ft. high, the whipstock 
arms being without branch or Joint but covered 
close with heavy, recurved thorns, like tigers’ 
claws. Then there is the tree yucca, big of 
trunk and branched like an oak, and bearing 
on the end of each arm a bunch of bayonet- 
shaped leaves, the dead stems of which form the 
bark, and so dry that when lighted the whole 
flames up. Or, again, there is the pita haya, 
mightiest of cacti, which, as single stems or 
branches, look like green telegraph poles or 
giant candelabra. 
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Mexican Scenery* With its combination 
of forest and desert, plateau, mountain and 
barranca, the scenery of Mexico is very varied. 
A traveller in the north-'westem Sierra Madre 
writes : One may traverse a group of high, 

dome-topped hills, beautifully studded with 
dwarf pines or mountain oak, and clothed with 
long grass, the home of the antelope and the 
turkey, and in another mile these may be sud- 
denly cut off by some huge chasm, surrounded 
by towering crags and steep, water- worn gullies. 
Then may follow a glimpse of the main ridge, 
crowned with its pine and cypress forests, and 
perhaps streaked with snow. At high altitudes, 
throughout this range, occur the charming level 
plots called llanos, and known in the Rockies 
as parks. These are frequently seen at a parting 
of the waters, where an infant stream creeps 
through the deep, alluvial soil, and nourishes the 
meadow-like expanse surrounding it. Groups of 
stately trees are dotted over these tracts. 
Within an hour or two of mule riding all this 
may have given place to a series of precipitous 
heights, wOd, ragged, and nearly bare, except 
of cactus and mosquito.'' 

Agriculture and Minerals. With water, 
the soil of Mexico is fertile, and where irriga- 
tion is possible, two crops a year can be 
grown. The agricultural methods, as might be 
expected in a tropical country, where four-fifths 
of the people are wholly or partly of Indian 
blood, are very primitive. In recent years, 
much attention has been given to better methods 
on the larger farms or hc^endas. In the coastal 
belt it is almost impossible for white men to do 
heavy work. Coffee is the most profitable of 
the crops of the tierra caliente, which also produces 
sugar, cacao, cotton, and vanilla. The dry 
climate of Yucatan suits fibre plants, the most 
valuable of which is henequen, or sisal hemp. 
On the plateau, wheat is grown wherever irriga- 
tion is possible ; the vine does well in many 
districts, and maize and tobacco are cultivated 
in the Anahuac plateau. An immense variety 
of fruits, tropical and temperate, come to 
perfection. Mexico is enormously rich in 
minerals. Its 1,300 silver mines turn out many 
millions pounds' worth of silver annually. Gold 
is also worked, as well as iron, copper, and tin. 
There are deposits of coal and petroleum, but, 
owing to their situation, it is doubtful whether 
they can be profitably worked, and many loco- 
motives have to use wood fuel. 

Economic Conditions. There are some 
manufactures, including textiles, pottery, straw 
hats, etc., but the great resources of Mexico will 

S 'obablv always be agriculture and mining. 

exico has several natural disadvantages. The 
better watered and more thickly peopled 
southern plateau lies 8,000 ft. above the sea, 
communication with which is therefore difficult 
and costly. Till 1873, when the line from 
Mexico to Vera Cruz was opened, there was no 
railway from the coast to the plateau. Mexico is 
now connoted by several routes with the lines 
of the United States, but even on the plateau the 
numerous mountains and barrancas m^ the con- 
stmotimi of railways difficult and costly. There 
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are no navigable rivers except in the Atlantic 
coastal plain, which is unsuitable for white settle- 
ment. These causes, and the preponderance 
of Indian over European blood, made Mexico 
develop more slowly than its great neighbour. 

Towns. Mexico City, l^ely situated in a 
plain 8,000 ft. above the sea, dominated by the 
great volcanoes of Popocatepetl andixtaccihuatl, 
carries on various manufactures. The ports 
on the Atlantic are Tampico and Vera Cruz, 
and on the Pacific the Acapulco, one of the 
finest harbours in the world, and Mazatlan, all 
connected with the plateau by rail. A railway 
crosses the Isthmus at Tehuantepec. 

CENTRAL AMERICA 

Central America is united to North America 
by the Isthmus of Tehuantepec (130 miles broad, 
390 ft. high), and to South America by the 
Isthmus of Panama (31 miles broad and 285 ft. 
high). Its length of 1,200 miles is occupied by 
the southern part of Mexico, British Honduras 
(7,500 sq. miles), and the republics of Guate- 
mala (42,500 sq. miles), Salvador (8,000 sq. miles), 
Honduras (46,000 sq. miles), Nicaragua (48,000 
sq. miles), Costa Rica (21,000 sq. miles), and 
Panama, all with few white inhabitants. 

Climate and Products. Central America 
is mountainous and volcanic, with one important 
depression, occupied by Fonseca Bay, Lakes 
Managua and Nicaragua, and the San Juan 
river. Here it has been proposed to unite 
the Pacific and Atlantic oceans by cutting 
a canal. Among the difficulties attending the 
enterprise is the existence of an active volcano 
on an island in Lake Nicaragua. The coastal 
plains are narrow, forested, and often swampy. 
The same zones of climate and vegetation — ^tierra 
caliente, tierra templada, and tierra fria^-are 
found as in Mexico. The rainfall is everywhere 
heavy. The forests of the tierra caliente supply 
rubber, mahogany, logwood, bananas, coco-nut 
palms, drugs, and other produce. The cultivated 
crops include cacao, cotton and coffee — ^that of 
Costa Rica being specially good ; and cotton, 
tobacco, maize, wheat, potatoes, etc., are grown 
at suitable elevations in the tierra templada, 
much of which is forested. The west is the bettor 
cultivated and more populous side. 

Towns. Belize, in British Hondiuas, ships 
mahogany, logwood, rubber, coco-nuts and 
bananas. In Guatemala a railway runs from the 
Pacific port San Jos6 to the capital, Guatemala 
City, and thence across difficult country to the 
Atlantic port Puerto Barnos. The coffee, sugar, 
vanilla, and indigo of Salvador are dipped 
from La Libertad, the port of the capital of San 
Salvador. Honduras contains no towns of 
importance. In Nicaragua a railway runs by 
Leon, Managua, on Lake Managua, and Granada, 
on Lake Nicaragua, to the chief port, Corinto,^ 
on the Pacific Coast. Another line crosses Costa 
Rica from the Atlantic through San Jos^, the 
capital, to Punta Arenas on the Pacific. 

A railway 45 miles long is constructed 
across the narrow Isthmus of Panama from 
Colon or Aspinwall on the Atlantic to Panama 
on the Pacific. A great ehip canal is in course 
of construction. 
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THE WEST INDIES 

The West Indies lie between North and South 
America. Off the coast of Florida are the low, 
infertile coral Bahamas, belonging to Britain and 
producing chiefly sisal hemp. The Greater Antilles 
are Cuba (45,000 sq. miles), Jamaica (4,200 sq. 
miles), Hispaniola (10,000 sq. miles), and Porto 
Rico (3,700 sq. miles). The numerous Lesser 
Antilles are all small Off the mouth of the 
Orinoco are the British islands of Tobago and 
Trinidad (1,870 sq. miles). 

Climate and Products. All the West 
Indies are tropical, though most are high enough 
to have a temperate climate and products m the 
highlands. Late summer and autumn is the 
rainy season, and the heaviest rainfall is on the 
east. Destructive hurricanes often cause im- 
mense loss of life and property, while disastrous 
earthquakes and volcanic eruptions occur from 
time to time. In T902 the eruption of Mont 
Pel6, in Martinique, one of the Lesser Antilles, 
destroyed the town of St. Pierre and nearly 
30,000 inhabitants. 

The soil is very fertile, especially in the volcanic 
islands, and all kinds of tropical produce can be 
raised. Most of the islands are covered with 
dense forests, producing mahogany, and other 
valuable timber. The once flourishing sugar 
industry is declining, except in Cuba, through 
neglect of modern methods of cultivation and 
also owing to the competition of bounty-fed 
European beet sugar. 

Beauty of the West Indian Scenery. 

Every traveller vainly tries to paint the beauty 
of a scene made up of mountains, forest, and 
sea. ** The mountains range higher and higher,’’ 
writes Kingsley of Guadeloupe, in the Leaser 
Antilles, “ with corries and glens, which, when 
seen near, must be hanging gardens of 
stupendous size. Tiny knots on distant cliff- 
tops are really single trees of enormous height 
and breadth. GuUies, hundreds of feet in 
depth, represent the rush of the torrents 
which have helped through thousands of rainy 
seasons to scoop them out. In sin^lar con- 
trast with the rugged outline is the richness of 
the verdure. Each glen has buried its streamlet a 
hundred feet deep in vegetation, above which 
here and there towers the gr^ stem and. dark 
crown of some palm. The islands, though in- 
tensely green, are not of one, but of every 
conceivable fl^n, or, rather, of hues ranging 
from pale yeUow through all greens into c<malt 
blue. As the wind stirs the leaves and sweeps the 
lights and shadows over hill and glen, all is 
iridescent, like a peacock’s neck, till the whole 
island, from peak to shore, seems some glorious 
jewel — an emerald with tints of sapphire and 
topaz, hanging between blue sea and white surf.” 

Tropical Fruits* The fruits of Cuba show 
the ^fusion of Nature’s gifts in the tropics. 
Besides the well-known banana, orange, lemon, 
hme, and fig, are many fruits unf^ihar to 
us. **The rose^apple, or rose-fruit, is as large 
as a good-sized peac^ smooth-skinned and eream- 
oolomred, with an odour and taste of attar 
of roses. Hie mangogrows on a tree very suailar 


to our apple-tree. It is the size of a pullet’s 
yellow in colour, grows in lo^ bunches, and 
is very juicy when fully ripe, TSie sapotilla is 
a fine tree, with a bell-shaped white flower, 
as fragrant as apple blossoms. The delicious fruit 
is the size of a peach, in a rough russet skin. 
The custard apple grows wild, and is also culti- 
vated. It is green in colour, tough-skinned, 
acid in flavour, and full of small bmok seeds. 
The star apple is so-called because when cut 
in half a star appears in the centre. The meat 
is green in colour, is eaten out of the skin with 
a spoon, and tastes like strawberries and cream. 
The guava, though not eaten in its natural state, 
is of imiversal use in making the well-known 
guava preserves and jelly. It has a peculiar 
odour^ which will scent a room for hours. The 
tamarind grows in a pod-shape on a lofty shade 
tree, and when ripe is of the consistency of mar- 
malade and quite as luscious. The alligator pear 
is used as a salad. Last, but not least, is the 
pineapple. The fruit grows out of a bunch of 
great leaves 18 in. or 2 ft. from the ground.” 

The Greater Antilles. Cuba is an inde- 
pendent republic, though with intimate relations 
with the United States. It is the largest of the 
islands, and is mountainous in the west, where 
the tobacco from which the famous Havana cigars 
are made is grown on the lower slopes of the 
OrganoB Mountains. Sugar is grown m the hilly 
centre. The eastern mountains are rich in iron. 
The rich forests contain many valuable trees, 
including the royal palm, mahogany, and the 
Cuban cedar, of which cigar boxes are made. 
Havana, the capital, is on the north coast. 

Jamaica, the largest British island, rises to 
over 7,000 ft. in tJhe eastern Blue Mountains. 
Many rivers water its fertile valleys. Bmianas 
have replaced s^ar as the chief export. Coffee, 
cinchona, allspice, ginger, arrowroot, tobacco 
and cacao are also cultivated in the clearings of 
the forest, which covers most of the island. The 
capital is Kingston. 

Hi^aniola consists of the black republics Haiti 
(capital. Port au Prince) and San Domingo 
(capital, Santo Domingo). It has the usual West 
In^n resources, but these are little devdoped. 

Porto Rico, a possession of the United States, 
is very mountainous. Cattle are kept on the 
higher grass lands, while the plains and valleys 
produce the usual West Indian crops. The 
capital is San Juan. 

The Leeeer Antilles. The largest islands 
— Guadeloupe (580 sq. miles) and Martinique 
(380 sq. milra) — are Frefich. Both are volcanic. 
The usual crops are raised. The islands forming 
the Leeward and Windward groups are British. 
On Santa Luoia is Castries, formerly a British 
naval station, the best harbour in the West 
Indies. Barbados has a dense negro popula- 
tion, enga^ in cultivating sugar. The Dutch 
and Danish islands are of no great importance 

Trinidad and Tohngo. Sugar and cacao 
are the chief products of Trin^ad and Tobago. 
The Htch Liwe of Trinidad supplies large 
quaniitieB of asphalt, brought down to Port of 
Spain, the chief town. 
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IN the matter of reading music, the study of 
* harmony helps to a wonderful extent. The 
frequent appearance of certain chordw leads to 
such an intimate acquaintance with tliese chords 
that the player by-and-by, recognising them 
at once as a whole, is saved the trouble ot 
“ spelling out ” to himself their individual 
constituents. Before beginning to play an 
unfamiliar piece, it is necessary to make your- 
self familiar with the key and the tim(\ If the 
key is a difficult one, impress on your memory 
its third and seventh notes, especially ; play, 
too, once or twice the scale form(‘d upon that 
key, and its n'lative minor. Then it is well, 
before starting, to look over the piece from 
beginning to end, as very probably the first 
page presents no difficulties, while the second 
may unoxiwctedly present something of a very 
startling nature. One of Schumann’s maxims 
to young musicians is : “ Should anyone place 
a composition before you to play for the first 
time, look it through previously.’ This advic<‘ 
should certainly be followed. In reading at 
sight, it is useless to stop when a mistake has 
been made. If you do this, and return to the 
passage, you are prcictising, not reading the 
piece. 

To gain confidence in playing at sight it is 
well at first to take some simple piece for reading 
— simple not only as to technical execution, but 
simple as to key. The practice should be regu- 
larly kept up, and as great a variety iif material 
as * possible chosen. “ Playing at sight,” says 
Ernest Pauer, “ is a kind of economic musical 
knowledge, and the following conditions are 
necessary for it : (1) a good pounding in tech- 
nical execution ; (2) a regular and systematic 
knowledge of fingering ; (3) a cheerful and ready 
disposition ; and (4) undivided attention and 
concentration of the mind on the work in hand.” 
Some of these remarks are, of course, much 
beyond our present stage, but many of them will 
be of help now, and all can be recalled as the 
student advances. 

Four-part Playinif. We return now to 
the “ Harmony Player,” and begin the work ot 
the third step with four-part music and four 
new keys. In previous exercises the compass 
of the hand has been within a fifth. But this 
has been only a concession to the learner ; 
music cannot bo confined within such a re- 
stricted limit. The compass must now be 
widened, and that involves certain extensions 
of the thumb and fingers in order to reach the 
outer notes. 

Look at Ex. 37. You will see that the right- 
hand part ranges from B to G — a sixth. Now, 
were it not for the B, which occurs four times 


in the alto, the whole might be played with the 
fingers in their first positions. As it is, we must 
give two notes to the thumb, using it for its 
own proper digital (C), making it shift down to B 
when that note occurs, and back again to C, In 
the Iclt-hand part the compass is also a sixth, 
and the thumb is treated in the same way as 
in the right hand by making it move upwards to 
A in the last bar and down again to G. This 
shifting of the thumb will be fimnd constantly 
nece.sHHry in the inner parts, and the student 
should learn to manage it as neatly as possible 
HO that th(‘ break in the sound may be all but 
imperceptible. 

A short prelude is the form in which the next 
t'xercise is presented. It is very simple until wo 
reach the third bar, where, in two chords, the 
right hand has three notes instead of the 
usual two. The upper parts of this and the 
following bars should be practised thoroughly 
by themselves before combining with the 
under. 

The fingering from the beginning of the \m\- 
ultimate bar to the end will be : 


4 


y 


1 

X 




1 


X 


Notice to keep the first finger on the tenor A 
in the last bar of the left-hand part when the 
fourth finger takes the bass D. Thi* tondencj" 
will be to shift the thumb on to it, but there is 
no necessity tor this. 

Practice in the Key of A. Ex. 39 

brings forward the key of A with three black 
digitals. It is not difficult in itself, but may 
require* considerable practice on a(*count of the 
strange key. In the loft hand we are obliged 
to break our rule regarding the use of the thumb 
on a black key. There is no other way — keeping 
them in the left hand — of playing the C sharp 
which occur in the tenor but by shifting tne 
thumb upwards from B. The OC intervening 
make.s this uncomfortable at first, and the 
fingering in early attempts may be far from 
smooth. But the difficulty can readily be 
mastered by practising the left hand by itself 
slowly. 

In Ex. 40 wo reach the practical limit of sharp 
keys with the key of E, employing four black 
digitals. In the right hand the x will havo 
to shift from E to D^, and in the left (sixth 
bar) to move upwards to Cjt. Space need not 
be taken up in speaking in detail of Exs. 44-50. 
Though introducing the stretch of an octave, 
they will prove of no difficulty if the preceding 
exercises ^ve been mastered. 
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MUSIC 

A word may, however, be said about a definite 
left-hand fingering for the cadential form of 
the dominant seventh chord as seen in the 
last bars of £xs. 44 and 45. Take Ex. 44 as 
example. Ordinary hands would usually play 
the B b and A of the tenor as at (a) ; in the case 
of those having longer fingers, it would be most 
convenient to play these notes as at (b ) : 


(a) (b) 



This is such a common progression that the 
stud^t should decide at once which of the 
fingerings he will adopt, and stick to it. 

Ex. 51 brings the key of At?, with four black 
digitals. It is simple until we reach the last 
cadence. Here the thumb cannot play both 
G and Eb in the alto, but by a little stretch 
the G may be taken by the first finger. The 
thumb of the left hand has a good deal of shifting 
to do, having to play m all four different notes — 
EP, Db, C and Bb. A short chant in G 
follows, where we have the peculiarity of three 
Pjsu^ in the right hand almost throughout. 
This, again, involves a good deal of thumb 
shifting in the inner part, the fingers being left 
free as much as possible to play the treble 
smoothly. The right hand fingering should be : 


4 

4 

C 

4 - 

2 

1 4 

4 

4 - 

1 

1 

1 

1 - 

X 

X X 

1 i 

1 - 

X 

X 

X 

X 



X X 

X — 


In Ex. 42 you will observe that a scale passage 
is completed between alto and bass. Keep the 
E firmly down, and do not be alarmed at the 
dissonance produced by the entry of the I) in 
the left hand. The last chord in the next exer- 
cise has three of its parts in the left hand. Keep 
the fourth finger on the continued E, take the B 
with first finger, and the D with thumb, shifting 
the latter on to the in the last chord. 
Ex. 43 might have come sooner, for it intro- 
duces the key of E flat, with only three black 
dimtals. 

In the ri^t hand the compass is a seventh. A b 
being the highest note, we play it with the fourth 
finger, and this, giving the tonic to the first 
finger, necessitates the thumb taking both B!^ 
ana D. Aii exception will be found in the pen- 
ultimate bar, where we are obliged to stretch the 
first finger down to D, the thumb being already 
occupied with the Bb held on in die alto. 
In the left hand the thumb has to play three 
notes—Ab, G and F. The remaining exercises 
in this step are all in ke^ alrea^ learnt, and 
involve no special difficulties. Tne last, how- 
ever, Ex. 53, gives directions for the use of 
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certain stops, which suggests that we had better 
turn aside for a little now, and try to learn 
something of the tone character of the different 
registers. 

Use of the Registers. This is, indeed, 
very essential. The full resources of a good 
instrument can be brought out only by a player 
^who knows what are the special individual 
Equalities of the “ knobs ” at his command — 
how and when to use them, singly and in com- 
bination. Nothmg produces a worse effect 
than the indiscriminate use of the various 
registers, and nothing is more common with 
amateur players. Of course, as Mr. King Hall 
observes, since no two harmoniums are precisely 
alike in timbre, it is impossible to draw up a 
table setting fortli accurately the qualities of 
the registers individually ; but the following 
remarks can be taken as approximately correct. 
Taking, then, the stops of our original instru- 
ment of four sets of vibrators in pairs, treble 
and bass, we have : 

1. Flute ; 1. Cor Anglais. This is one 

of the most useful stops in the instrument, 
suitable alike for slow or quick music, and may 
be effectively combined with any of the other 
stops. Its tone is of a round and fluty character, 
comparatively full, and with the advantage 
over some of the others of promptness of speech. 
It corresponds with the oiapasons of the pipe 
organ, and should be used for all music of a 
soft nature. • 

2. Clarionet ; 2. Bourdon. This stop some- 
what resembles 1 in being of a round and 
fluty quality, but the tone is much broader and 
heavier, and the response to the touch is slower. 
When you draw it, you will observe that it 
produces sounds an octave lower than the 
actual note played. Hence, if you were to use 
this stop alone it would be necessary to play the 
music an octave higher than written. But, 
as a matter of fact, 2 is seldom used alone 
except in the treble for solo work, as we shall 
see presently. 

3. Fife ; 3. Clarion. This stop produces 
sounds an octave high^ than written. It is 
of a bright and re^y character, prompt in 
speech, and adds brilliancy when combined with 
the other stops. It should rarely be employed 
alone, except for echo effects in secular music, 
and in some other cases. The tone, in spite 
of its brightness, is so slight that when 
used with either of the sto^ which sound 
the notes as written, the higher octave is 
scarcely heard, being absorbed in the greater 
volume of the standard pitch registers. The 
student must not confuse “ Clarion ” with 
“ Clarionet.” 

4. Oboe ; 4. Bassoon. This stop is supposed 
to imitate the tone of the instruments after 
which it is named. The tone of the Oboe 
especially is thin and reedy, of a softer quality 
than the FhUe, but of the same standard pitch. 
It is rather slow of speech, but may be used 
very effectively for musio of a pastoral nature, 
and can be drawn instead of 1 when a quieter 
effect is dfiidred. The Oboe is also used for 




solos, and, combined with the FlvJte, makes a 
fair imitation of the voice, as here : 
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Among the stops in larger instruments will 
be found : 5. Musette and (i. Voix Celeste, 
both on the right-hand side The hrst is a soft, 
reedy stop, more delicate than the Oboe; the 
second is generally joined to some other stop, 
and by tuning its reeds a little sharper than 
those of the latter, a clear, ringing, vibratmg 
effect is produced. The Voix CeleMe may be 
used for solo work, either alone or with the 
Clarionet, but should not be used with all the 
other stops. 

Effects from Combinatione of Stops. 

The possible effects which can be producwl 
out of only eight sounding stops are almost 
endless in their variety. One or two sugges- 
tions may be offered. For ordinary four- 
part playing a very servicc^able and eflfeetivo 
combination is 1 and 4 for both hands. Also 

1 and 2, which, with the music played an 
octave higher than written, will be found useful 
for most compositions of a serious cast. Stops 

2 and 3 and 1 and 3 are a sort of fancy 
combinations/’ as Mr. King Hall calls them : 
tl^e first for sacred music, the second for music 
of a light, bright nature. In many instruments 
a couple of ordmary pitch registers are perfectly 
able to assort themselves against one lower 
octave stop ; and when this is the case there is 
no need to play the music an octave higher than 
written. But the greatest advantage to be 
gained by 2, with the right hand transposed an 
octave higher, is that a solo may be placed 
(with a soft left-hand accompaniment) without 
any risk of going below F — the dividing place 
of the stops — and finding the melody disappear. 


Solo Paooageo. Iii order to give pro- 
minence to a solo a louder tone must be used in 
the right hand than 
in the left, and it 
follows that unless 
2 is used in the 
manner mentioned 
the solo will suffer 
should its range 
take the player 
into the bass part 
of the instrument. 
Of course, whore the solo does not go below F, 
any loud combination may be used with as soft 
an accompaniment in the left hand as can bo 
obtained from the particular instrument in use. 
Generally speaking, tlio Sourdine offers the softest 
accompaniment for a solo melody with a single 
stop ; but sometimes it is so strong that the 
right hand must be played with 1, 4, or with 
Celeste, or with 1 and 2, an octavo higher. 

An effective manipulation of the stops is as 
essential to the harmoniumist as to the church 
organist Without it, his instrument is reduced 
to the level of a dead monotone, as it were ; with 
it, the instrument becomes instinct with life, 
capable of giving expression to all the varying 
shades of emotional feeling which musical com- 
position may inspire. Of course it is necessary 
that one should play fairly well before making a 
special study of the tone colours rendered avail- 
able by the various stops. Tone colour is of very 
little use in merely elementary work, where the 
player is very much occupied with other things. 
But as soon he feels that he has gained a 
certain facility in the use of the keyboard, ho 
ought to devote a considerable amount of time 
to the special study of the stops. 

With regard to effects of what may not inaptly 
be called a secular character, it is difficult to 
make a selection. The following are offered 
merely as hints which the student can readily 
adapt and improve u])on according to the 
resources at his command. A charming orches- 
tral effect is produced by combining Clarionet 
and Flvte in melodies requiring to be doubled, 
as in the following from Le Proph^ex 



The Clarionet stop may also be used alone with good effect in baritone solos, as in this example : 
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The value of the Clarwii stop, again, may be 
tested by such an example as the following : 



Clarion 
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Even with only ThAt and Cor Anglais, such 
an excellent effect as we have here may be 
produced : 


Flute 


Cor 

Anglais 
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This is a method of fingering which will be 
found more or less, as the need for it arises, in 
all the exercises 
remaining to be 
studied. The learner 
whom we have 
been guiding thus 
far must now be- 
gin to practise it 
systematically ; and 
it is at this point 
that the student who already plays the piano 
may begin What he has to learn first of all 
is emphatically the legato fingering. Many 
useful exercises for 
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These, as we have said, are only hints. If 
the student will but test them carefully for 
himself, he will feel competent to make further 
successful experiments on his own account 
Experience, assuming his own good taste, will 
reveal to him many charming combmations 
which he will readily find a means of adopting 
as his repertoire increases. 

Finger Releasing. With the fourth stop 
of the “Harmony Player “ we arrive for the 
first time at the system of " ‘ 

to the harmonium and the organ, 
system known as finger releasing. Hitherto the 
student has been able to play the outer parts 
(the treble and bass) of aU his exercises without 
any jumping of the fingers. In the inner part 
the thumb has be^ allowed (necessarily) to 
shift or jump from one key to another — a 
method which can never be allowed for the 
outer parts (unless when marked stoecoio, of 
coarse), because these being specially pro- 
minent, the slightest break in the continuity of 
the sound is immediately noticed. In short, 
on the harmonium we must have legalo fingering 
We cannot, for example, play the following as 
at (a), which would pass on the piano ; we 
must play it as at (6), releasin 
« always in time to provide a 
note: 


(a) 


giving facility in 
this direction are 
included in both 
Mr King Hall’s 
“ Harmonium/’ and 
Stainer’s American 
Organ Tutor. 
student will y- 
bably find it '>Jl«t 
‘ to take first tac 

simple scale G, and 
play it up and down, releasing all the available 
fingers m turn. [See next page.] 

]^actiso this very carefully before going further, 
each hand separately, and with the lines of fin- 
gering in their alphabetical order, as marked. 
Be sure that a perfect legato is obtained, that the 
key is held firmly down while the finger is being 
reieased. The professional student would ^ 
required to carry the exercise through all the 
scales in order to gain the necessary facility 
in relieving the fingers upon the black keys. The 
amateur may, for the present, content himself 
with the above, having master^ which, he may 
go on to practise double notes with ^ger re- 
leasing ; first thirds, as at (a), and next sixths, 
as at (d) : 


the fourth finger 
[er for the next 
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These exercises, and oriiers which will be found 
in King Hall and Stainer, are indispensable 
to the cultivation of the true legato^ the charm 
of the harmonium as of the organ. The student 
who already plays the piano should work through 
them all at once ; our learner who has been going 
through the “ Harmony Player ” may, after 
having accustomed his fingers to the rele 
style % the scales and two exercises as Olustral 
above, proceed with the four-part and other 
exercises from No. 55 on to the end of the book. 
He will then acquire a thorouj^ command of 
the style neoeesaiy for the p&ying of psalm 
and hymn tunes, chants, etc. For this special 
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purpose the eight pages of chants and hymn 
tunes printed in Stainer’s tutor might also be 
gone through with advantage, particularly as 
various methods are there shown of playing this 
class of music, with tlie usual two parts in each 
hand, with the melody in octaves, with the 
melody on a solo stop, and with the bass in 
octaves. 

Pieces* The student who desires to play 
pieces chiefly will probably not wish to give so 
much time to church music. In that case he 
may start at once with the “ Thirteen Original 
Pieces ” of Mr. King Hall ; or, if ho fm»l8 that he 
is not quite advanced enough for these, let him 
work up the Stainer exercises in two, three, and 
four parts. Tliese are fully fingered, and repre- 
sent styles quite different from the psalm or 
liymn tune ; though marked for the* American 
organ, they are equally well adapted to the 
harmonium. 

In playing pieces where there is a single part 
in either hand, especially if the music moves at 
all quickly, it is usual to employ what is known 
as scale fingering, the turning of the thumb under 
the fingers, or the fingers over the thumb. Thus, 
if the following scale passage occurred, it would 
be fingered, for the right hand as above the stave, 
for the left hand as below: 



In a case of this kind there is no need for finger- 
releasing, of which,* indeed, the time does not 
permit. The learner whose ambition is to plav 
pieces chiefly would thus do well to go through 
a complete course of scale exercises in all the 
major and minor keys in common use. Such 
a course will not only add to his facility in 
fingering ; it will add to his reading power, and 
give suppleness and dexterity to the hands 
besides. 

The rules for fingering the scale are simple 
in principle, though they require at first great 
att^tion. In the ascending right hand, the 
thumb is placed on the first white key which 
occurs, and afterwards follows the second and 
third fingm alternately. In descending, each 
note is mayed with the same fin^r as in ascend- 
ing, ana the same rule is followed but in reversed 


etc. 
^ etc 

3 ct<’* 

etc. 


order, the third and 
second fingers pass- 
ing alternately over 
the thumb. In the 
left hand the fin- 
gering of the as- 
cending scale fol- 
lows the rule of the 
descending scale in 
the right, and vice 
verad. A printed set 
of scales with the 
fingering marked 
can Iw obtained 
from any music- 
seller. If the student 
has a piano, they 
not solely — on that 


may be practised chiefly — not solely — on that 
instrument. 

General Hints on Fingering. In 

regard to the whole subject of fingering, it may 
be remarked that facility cannot lie forced ; it 
must be allowed to come in its own time. With 
experienced players fingering is a sort of second 
nature ; they “ never think about it ” ; the fingers 
seem to work like automatons, adapting them- 
selves in some mysterious way, almost mechani- 
cally, to the music being played. Let it be said, 
too, that whatever method of fingering secures to 
the individual player the smoothest result, and 
affords the greatest convenience, tfuU is the finger- 
ing for him. The finest players occasionally differ 
as to their fingering, and allowance must always 
be made for the construction and size of the hand. 
One of the gn itest secrets of good fingering is the 
habit of looking forward to the coming phrase, 
setting, if even vaguely at first, what has to be 
done, and so preparing the fingers as to secure 
the best rendering of the passage. In any case, 
there must be no slovenly, “ anyhow ” fingering. 
The jjcrson who fingers badly or carelessly 
can never be a really good and satisfactory 
player. 

Selection of Plecee. After you have 
finished with your tutors and are able to 
play fairly well, you will naturally desire to 
work up a repertoire of pieces. If you are 
contemplating church playing, then, of course, 
sacred music— collections of voluntaries, etc. 
— is what you will direct your first attention 
to. There is plenty of music of this kind, and 
we can mention here only such collections as 
we think to be educationally as well as prac- 
tically most useful to the student. For those 
who have mastered the exercises in the “ Har- 
mony Player,” the best selections of pieces to 
follow that work are Volumes VIII. and XII. of 
the “ Harmonium Album ” (Curwen). These are 
fingered throughout, and are very suitable for 
beginners. The ** Harmonium Album ” extends 
altogether to 15 volumes. The first 14 comprise 
some 500 voluntaries, while the fifteenth is cmefly 
made up of movements from popular operas. 
The same publishers have also a colleotion of 
interesting Harmonium Studies,” by J. 
Proudman, and a couple of volumes of musicianly 
** Sketches for Harmonium,” by John Kinross. 
The best work to succeed Mr. King HalFs primer 
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18 the Bame author’s '' Original Studies and 
Arrangemente for the Harmonium or American 
Organ.” The studies are peculiarly valuable, and 
the editor’s directions as to their rendering are 
sufhoiently clear. 

Voluntaries. Collections of “ voluntaries,” 
expressly so-called, are numerous. One of 
the best is that of Mr. J. W, Elliott (Novello), 
in two volumes, containing altogether about 
350 pieces. Collections of original harmonium 
voluntaries by Oliver King and Max Oeaten, 
issued by the same publishers, may also be re- 
commended. It is better that the young church 
player should draw upon such works as these 
until he has gamed experience enough to make 
arrangements for himswf. For general use there 
is nothing bettor than the two volumes of “ The 
Harmonium Treasury” (Novello), in which we 
have a series of select pieces, secular as well as 
sacred, admirably arranged for the instrument. 
Chappell’s “ Harmonium Journal,” full music 
size, will also be found useful, as mcluding rather 
more secular-music arrangements. All these 
works can be adapted to Uie American organ. 
Of collections specially made for that instrument, 
there is no need to mention anything but ” T)ie 
American Organ Journal,” edited by J. M. 
Coward (Metzler). Thirty numbers of this ex- 
cellent work have been pubbshed so far, and 
there is nothing of its kind better or more com- 
pr^ensive. 

Song Accompaniments. In addition to 
its use for the church service, for which it is so 
well adapted, the harmonium is also equally 
adapted, from the extent of its orchestral re- 
sources and power of expression, for the drawing- 
room or concert-room. The harmonium,” says 
Berlioz, the great composer, ** is at once a church 
instrument and a theatre instrument, a drawii^- 
room and a concert-room instrument. It occupies 
but little space, and it is portable. It is there- 
fore a servant of indisputable utility for com- 
posers send amateurs.” It is not necessary to 
enlarge upon this, but a word or two must cer- 
tainly be said about the harmonium as an 
accompaniment to the voice and in conjunction 
with other instruments. With regard to the 
first-mentioned use, if heard properly, as the 
late Dr. Rimbault said, the harmonium will be 
pronounced not only capable of producing some 
of the most charming .effects of accompaniment, 
but to possess powers of assisting the voice of 
the highest possible order. One practical hint: 
in aocompanving songs from a piaqo copy, 
fJterations wul of necessity be made to suit the 
peculiar nature of the sustaining instrument. 
Octaves in the bass must be used sparingly, as 
the lower registers of the harmonium are powerful. 
When octaves are required in the rif^t hand, 
it is generally best to get them by drawing the 
Clorionel stop. Again, repeated notes in piano 
copies shoukC as a be held when played on 


the harmonium. But no fixed rules can be given. 
Much must depend upon the knowledge and 
acquirements of the performer. 

Combination with other Instru* 
mente. As regards combination with other 
instniments, the chief thing to aim at, when an 
artistic effect is desired, is contrast of tone. 
Thus the flute does not “ go ” nearly so well 
with the harmonium as the violin. The best, as 
it is the most generally available combination, is 
that of harmonium and piano. ”We cannot 
conceive,” says Dr. Eimbault, “ a more perfect 
drawmg-room orchestra than the piano and 
harmonium when used in concert. Nothing can 
be more admirable than the combination of the 
strings of the former with the reeds of the latter, 
the one imitating the whole tribe of the viohn 
class, the other the entire wind band, and 
forming together a tovt ensemhle capable of 
giving effect to orchestral works of the highest 
class.” Special arrangements are, of course, 
required for this duet playing. 

Any good music-seller will show a selection of 
such arrangements, but the student might ask 
to see some of those published by Messrs. Chap- 
pell and Messrs. Novello, particularly the latter’s 
six duets of L. Engel and the ” Transcriptions of 
Favourite Airs ” of C. L. Krug. There is also a 
considerable quantity of music for harmonium 
with other instruments, such as violin, ’cello, 
clarinet, etc. Harmoniumists should lose no 
opportunity of practising with any suitable 
instrument available, such practice being of the 
h^hest value, not only from an artistic point of 
view, but also for cultivating the sense of temp>. 
When you are playing with another, you must 
” keep time.” 

Practice Hours. A few general hints, 
in closing, on the best method of practice: It 
must not be desultory. Three hours to-day and 
ten minutes to-morrow and nothing at all for a 
week can never mean any real advance. Let 
practice be regular and systematic. The precise 
amount of time will, of course, vary acooromg to 
circumstances. The minimum for the amateur 
should be about an hour and a half daily. 
Whatever it k, the time should be well appor- 
tioned among the different kinds of work under- 
taken. The student should draw up a table 
specially for his own use (and rigidly adhm'e to 
it), but the following proportions for an hour’s 
practice will generally be found advantageous : 

MiniUea 

Finger exercises, scales, etc. . . 20 

New piece . . . . • . 20 

Piece already learnt .. .. 10 

Sight reading 10 

Above all, let your practice be in thorough 
earnest, that no moment may be wasted. And 
always remember the worw of Schumsim : 

Whenever you {flay, let it be as though a 
master were Ikteming.” 
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By HENRY CHARLES MOORE 


'THE desire for an outdoor life is very strong in 
* young men, and many to whom the thought 
of having to earn a hving in shop, factory, or 
office is distasteful enter the service of the various 
public carriage companies. And now that motor 
traction is competing successfully with horse- 
drawn vehicles, the aspirant for an outdoor life 
has the choice, assuming that he wishes to be a 
driver, of becoming a “ whip ” or a motor man 
In the latter capacity his prospects of regular 
and long service will be greater than if he became 
a coachman, as the proprietors of horse-drawn 
vehicles are already reducing the number of 
their drivers, and in three years’ time will need 
the services of very few of such men. Theie 
are, however, men who have a strong dislike for 
engines and machinery of any kind, and they 
wiU probably prefer to drive a pair of horses as 
long as such employment is obtainable. 

The horses used for public service vehicles 
are harnessed and put -to by the stablemen, but 
as carelessness on the part of one of these men 
may result in an accident, and possibly loss of 
life, the driver before mounting his box should 
see that the work has been done properly. This 
he can do unostentatiously while patting his 
horses. When a change of horses is being made 
he can see from his scat whether eveiything is in 
order. 

How to Drive. Having mounted his seat 
and received the reins from the stableman, the 
driver should sit with his feet slightly in ad- 
vance of his body, and on no account put them 
under the seat or press them against the splash- 
board. His left elbow should be a trifle above 
and a little to the front of the loft hip beme, 
with the forearm inclining across the body and 
the wrist bent. The first and second fingers of 
the left hand should be placed between the 
reins, the left or near-side rein resting on 
the buckle of the left forefinger ; the right or 
off-side rein should bo lietween the second and 
third fingers. The 
third fourth 
fingers should 
press the loose 
end of the reins 
on the palm of 
the hand. The 
whip should be in 
the rifjtit hand, 
held at the top of the handle, and l 3 rmg in the 
palin of the hand and over the thumb When 
held thus the fingers are free to take the reins 
should it be necessary to use two hands. 

The rule d the road is to keep to the near- 
side when meeting another vehicle ; on over- 
takmg one* the driver must pass on the off aide 



of it, unless the vehicle overtaken be a tram- 
car, when it must be passed on the near side. 
Obelisks, street refuges, and other erections in 
the centre of the road must be passed on the 
near side. 

Horse-drawn Omntbuaes. The appli- 
cant for employment as driver of a horse-drawn 
omnibus must bo accustomed to driving. This 
statement is not superfluous, for it is made with 
the knowledge that men who cannot drive fre- 
quently apply for work as omnibus drivers, 
believing that if they are promised employment 
they will soon be able to learn to drive a pair 
of horses It is also imperative that, betore 
making an application for work, the would-be 
driver should possess a police licence, as omnibus 
proprietors do not entertain applications from 
unlicensed men, no matter how excellent their 
recommendations may be. 

When the police have satisfied themselves as to 
the res|)ectability of an applicant for a licence, 
they test his proficiency as a driver by setting 
him to drive an omnibus, which they keep for 
this purpose, through some of the most crowded 
parts of London A police inspector accompanies 
the applicant on his trial drive, and decides 
whether or not he shall be granted a licence. 
If the inspector considers that the applicant is 
not sufficiently experienced, ho tells him that 
he must undergo another driving test, in two or 
three weeks, before a licence can be given to him 
In these circumstances the applicant will he wise 
if, in the meanwhile, he has some practice on a 
heavy pair-horse vehicle, and obtains advice from 
an experienced omnibus driver. 

When the driver has passed the test he has 
to pay 5 b. for his police licence and 2s. fid. de- 
posit for his badge. The latter sum is returned 
to him on his giving up his licence, but the 5s. 
has to be paid annually. 

Securing Employment. The newly 
licensed driver may succeed in obtaining work 
from the first company to which he makes 
application, but it is quite possible that he will 
have to undergo the unpleasant exjierience of 
being told time after time that no drivers are 
wanted In that case all he can do is to leave his 
name and address at the various offices, and wait 
until a vacancy occurs. When at last he is given 
work he will be surprised to find that, although he 
holds a licence, ms employers do not consider 
it to be a raarantee that he is thoroughly com- 
petent, and therefore he has to make several 
trial journeys. On these occasions an experi- 
enced and trusted driver sits on one of the mmt 
seats to watch him, with a view of reporting 
to his employers vriiether or not he is a capable 
coachman. In addition to thi^, he tells him sriiere 
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the ** points ” or stopping places are, and gives 
him other information which it is necessary he 
should possess. If the report be satisfactory, the 
new driver is engaged as an odd man,'* which 
means that when a regular driver, or “service 
man,** is absent through illness, or some other 
cause, he takes his place. Very probably he 
will get only one or two days* work during the 
first week ; but he may be fortunate and begin with 
several weeks of unbroken work. When at last 
a vacancy is caused by the death, resignation, 
or discharge of a regular driver, the “ odd man” 
gets his “ service,” and henceforth he has regular 
employment. “ Odd men *’ are not, however, 
always new hands ; a “ service man ” is some- 
times reduced to an “ odd man ” for carelessness, 
or breaking the rules of his employers. Drunken- 
ness while on duty is an offence which is punished 
by instant discharge. 

Wages. Omnibus drivers are paid 6s. for a 
day of, on on average, twelve hours. Each man 
uses between ton and twelve horses a day, accord- 
ing to whether the road be hilly or not, the dis- 
tance travelled by each pair being about sixteen 
miles. Sometimes a man who is a good driver 
is careless about the condition of his horses, but 
coachmen of this type do not remain long in the 
employ of an omnibus proprietor. It may be 
said, too, that if a man has any showy manner- 
isms, such as squaring his elbows when driving, 
he will be wise to break himself of them as quickly 
as possible, as the proprietors have a strong 
objection to “ fiashy ” drivers. The left hand, it 
has been said, was made for driving, and the man 
who makes a practice of using both is another 
type which does not find favour with employers. 
For the driver who proves himself to be a good 
judge of horses there is the chance of promotion 
to the position of district horse-superintendent, 
with a salary of from £3 to £4 a week. 

Conductors. It is as necessary for a 
would-be conductor as for a driver to obtain 
a police licence before applying for work. This 
is by no means difficult to obtain if the applicant 
be a respectable man, a few questions as to his 
knowledge of the main thoroughfares being the 
extent of the examination he has to undergo. 
For his licence he has to pay the same as a 
driver, and he, too, begins as an “ odd man.** 
But before becoming even an “ odd man ** he 
must take one or two journeys, unpaid, to learn 
his duties, his instructor being a reliable and 
experienced conductor. The novice watches the 
conductor on the first journey, learning the 
extent of the various fares, the sections in 
which to punch the tickets, and how and when 
to enter the unissued ones on ^e waybill. On 
the second journey the old conductor hands 
over to the learner his tickets and bell punch, 
but watches to see that he charges the right 
fares, and punches and issues tickets of corre- 
sponding value. 

At the close of each day the conductor 
out of the takings the ariver*8 and his own 
wages. The balance he delivers, on the follow- 
ing momii^, at the dlistrict office, handing in at 
the same time his box containing the bell punch 
that he used on the previous day and the unused 
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tickets. The box and its contents are then 
forwarded to the chief traffic office to be checked. 
A fresh bell punch, set of tickets, and waybill 
is issued to the conductor every evening, so that 
he can begin the following day with a fresh 
outfit. On the back of each waybill is printed 
a money table, and if the conductor has issued 
during the day 151 penny tickets, 47 twopennies, 
and 23 threepennies, he can see at a glance that 
he has to pay in 128. 7d. for the first, 7s. lOd. 
for the second, and 6s. 9d. for the third. 

Hours and Pay. Conductors work the 
same number of hours as the drivers, and 
are paid 4 b. fid. a day. Many of the ticket 
inspectors are drawn from the ranks of the 
conductors, but, from a monetary point of view, 
this is scarcely promotion, as the wages of the 
inspectors begin at 30s. a week, rising to 35s , 
for which they are on duty eight hours a day. 
One week they begin work at about seven o’clock 
in the morning, the following week they go on 
duty at about four in the afternoon. Another 
and more profitable position to which conduc- 
tors can rise is that of road inspector, with wages 
of from £3 to £4 a week. Timekeepers, many 
of whom are old drivers or conductors, are paid 
from 308. to 368. a week ; horsekeepers receive 
about 288. a week ; and the ’bus washers, whose 
work has to be done at night, are paid from 35s. 
to 40s. a week. 

Motor Omnibuses. The old-established 
omnibus companies being naturally desirous 
of retaining as many as possible of their old 
servants, take their motor omnibus drivers 
from the ranks of the coachmen and conductors 
of their horse-drawn vehicles. Most of the com- 
panies have, at the present time, a long list of men 
who are being taught, or are waiting to be taught, 
motor omnibus driving. Usually they are taught 
at the expense of their employers, but in return 
are required to sign an agreement binding them- 
selves to remain in their service tor a specified 
period, in most cases a year. It will be seen, 
therefore, that for some years to come the old- 
established companies will be able to obtain from 
among jbheir own servants all the motor drivers 
they require, and that consequently the man who 
is not already in their employ has little chance 
of entering Aeir service as motor man. But 
with the new companies it is different. Having 
no horse-drawn omnibuses, they have no old 
servants to whom they feel bound in justice to 
give preference, and consequently they are 
able to consider the application of any man, 
qualified or unqualified, who,, wishes to enter 
their service. Both the old and the new 
companies have their own instructors, by whom 
the men are thoroughly taught driving and 
mechanism before being sent to New Scotland 
Yard to undergo their police examination. 

Examination for Motor Omnibus 
Drivers. In the interests of the public, the 
examiner, an inspector of the Public Carriage 
Office, subjects each applicant for a licence to a 
very thorou{^ set of tests. First he is examined 
in backing ondtumine the omnibus, and if he 
comes through this ordeal successfully he is told 
to drive out into the street. The examiner sits 
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beside him, ahd dleoides ilie route he is to take 
during the hour’s run. A part of the time is 
spent in crowded streets, and if the driver be 
unfortunate enough even to graze another vehicle 
he is put back for two or three weeks ; if, 
however, he satisfies the examiner that he can 
drive carefully in the midst of traffic, there is the 
hill test to be undergone. He is told to drive to 
a fairly steep hill, and as he is ascending it he 
must stop the omnibus, and start it again, when- 
ever the examiner commands. The same test 
is applied while descending the hill. If the 
examiner be satisfied that the man is thoroughly 
competent he is given a licence to drive an 
omnibus of that particular type ; but if, after 
a time, he wishes to drive an omnibus of another 
make he must undergo another examination. 
This is an excellent pohce regulation, for there 
are many types of motor omnibuses ih use, 
the ch&sses of which differ considerably in many 
respects. 

Licences. For his licence the motor omnibus 
driver must pay 5s. to the police, 28. 6d. deposit 
for his badge, and 58. to the London County 
Council. After receiving his licence the driver 
soon obtains his “ service,” for qualified motor- 
’bus men are not yet so plentiful that they have 
to remain long as ” odd men.” Moreover, as 
motor omnibuses are on the streets from eighteen 
to twenty hours a day, it is necessary to have 
two drivers and two conductors to every ’bun, 
one pair of men working the first half of the 
day, the other relieving them after about nine 
hours, and workmg until the ’bus is taken into 
the garage for the night. Drivers are paid 7s. a 
day, and conductors 58. Mechanicians, who 
overhaul the motor omnibuses every night, are 
paid 35s. a week, and ’bus washers 30s. 

The Motor Omnibus Business. To 

start business as a motor omnibus proprietor 
it is necessary to have plenty of capital, for 
£1,000 baiely covers the cost of one vehicle 
Moreover, the man who possesses only one or 
two motor omnibuses has little chance of com- 
peting successfully with the large companies, 
who can, of course, work at a lower cost per 
vehicle than is possible for a proprietor in a 
small way of business. Competition between the 
old and the new companies will become keener 
every month, and the result will be a cutting down 
of fares that will make it absolutely impossible 
for the owner of only one or two vemcles to run 
them at a profit. If, however, a man has plenty 
of ci^ital, and decides to build up a fieet of 
omnibuses, he should endeavour to discover the 
various typm of chAsses that are giving satisfac- 
tion to their owners, and shoidd restrict his 
choice to them. It will be much safer to do this 
than to purchase, even at a much lower figure 
than is demanded by makers of repute, a type 
of omnibus that has not undergone the test of 
some months’ work on the public roads. When 
he has bought his ch&ssis, it will have to be 
taken to a coaohbuilder’s to have a body built 
and fitted to it, for the makm of ch&ssesdonot, 
as a rule, build the bodies, that being quite a 
•epamte busiiiesB. 


Motor Omnibus Regulations, When 
the body has been fitted to the chassis, the 
omnibus is ready to be licensed ; but it is 
useless to submit it for police mspoction unless 
the following regulations have been observed in 
every respect : 

“ Carriages must be submitted for inspection 
in a thoroughly good condition, and no carriages 
will bo cortih^ fit for public use unless it is 
newly painted and varnished ” 

The following conditions must also bf strictly 
complied with : 

1. Stapt' oarnaRofl propollo<l by TTKH'liaTiical means, 
and aubjoet to tho Liglit Locomotives Act (6U and 
«0 Vict., Oap. 36), and Motor Our Att (3 Kdwd VIL, 
Cap. 36), muftt comply with tho roquiromontB of 
thoso Acta, and of tlio Orders of tho Local CJovoni- 
niont Hoard in pursuanco thereof 

2. Eacli new typo ot motor - car intoiidod 4ot 
hcenaing inuat be presented at New Scotland Yuid 
for msfiection. The proprietor must at tho same 
time piodueo tho cortificate of registration, and 
also one from tho maker stating the machinery to 
bo safe, and in ovory way fit for use in a public 
carriago. 

If, on inspei tion, tho car is approved, such approval 
may extend to all cars of tnat description, and 
cars of that type need not bo again prosontod at 
Now Scotland Yard, but may oe taken to the 
usual passing station, provided a cortifloato from 
the maker is submitted witli each car for hconsmg, 
stating that it is m every respect similar to the 
type already approved. 

A oc*rtificote from the proprietor, stating tliere 
has boon no alteration m the design of tho machinery 
Hiiioe the previous inspection and date covered by 
tho makor^s oertihcato, must be presented with each 
c ar submitted for renewal of licence 

Should an alteration bo mode, Uie same course 
may bo required as for a first insiKictiou. 

Shoukl it be deemed necessary, an expert will bo 
employed to advise on the subject. Tho fee for the 
oxj^rt examination to be deposited by the proprietot 
with the Commissioner, which foe will be returned 
if the car is passed without alteration being required. 

There are specific regulations governing th(^ 
construction of motor omnibuses, and licences 
are granted only for vehicles in tho construction 
of which those regulations have been followed. 
The regulations specify the sizes of tho various 
parts of the vehicles, and their details may be 
learned upon application to the licensing 
authority. 

The fees to be paid to obtain a licence for a 
motor omnibus are £3 ISs. to the Inland Revenue, 
£2 to the Metropolitan Police, and £1 to the 
London County Council. The last-mentioned 
fee is paid on the first year only ; tho other two 
are payable annually. 

Cabs and Cabmen. The applicant for a 
cabman’s licence, having satisfied the police as 
to liiB £tiid topo^Fftpiiicft] 

has to undergo a driving examination, usually on 
a four-wheeler, and wim a police official sitting 
beside him on the box seat. The regulations, 
being subject to the local police aiTangements, 
vary in different places. The London candidate, 
if passed by the police, is given a licence, renew- 
able ev«y twelve months, for which he has to 
pay 58., and a deposit of 2 b. fid. His next step 
h to obtain a cab to drive. Cabman differ from 
omnibus and tram men in not being the servants of 
the ptroprietors of the vehicle th^ drive. They 
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hire them from a proprietor, paying a oertain price 
per day. The average price per day for a hansom 
works out at 11s. 3d. ; for a four-wheeler at 
10s. 6d. Two horses are supplied for each cab. 
Drivers of “privileged” cabs have to pay an 
extra fee. The “ privilege system ” is an 
arrangement between the railway companies 
and oertain cab proprietors, whereby a specified 
number of vehicles belonging to the latter are 
permitted to enter the various London termini 
and stand there for hire. As this ensures the 
drivers getting more “ fares ” than they would 
obtain if plying for hire in the streets, it is 
reasonable that they should have to refund 
to the proprietors the price paid per vehiclfe 
to the railway. At some railway stations the 
charge is Is. per cab per day ; at others it is 
as high as 4s. 

Cab Fares. The following are the London 
cab fares. The cab radius is four miles from 
the statue of Charles I., at Charing Cross : 


By Distance. s. d. 

If hired and discharged within the radius, 
for any distance not exceeding two 
miles .... . .10 

For every additional mile or |3art of a mile 0 6 

If hired outside the radius, where vei 
discharged, for the first and each 
succeeding mile or part of a mile . . 10 

If luted within^ but discharged outside the 
radius, the whole distance, not ex- 
ceeding one mile ... 10 

But exceeding one mile, then for each 

mile ended within the radius . . 0 0 

And for each mile or part of a mile outside 1 0 

By Time. 

Within the radius, four-wheeled cabs, 

for one hour or less 2 0 

Hansoms, per hour ... ....20 

For every additional quarter of an hour, 

or part ot a quarter, four-wheelers .. 0 0 

Hansoms, per hour ... OK 

Four-wheelers or hansoms, if Ipred ot/I- 
sxde the radius, wherever discharged, 
for one hour or less . . .26 

If above one hour, then for every quarter 

of an hour or less ... . 08 


If hirt'd within but discharged outside the 
radius the fares are according to the 
two preceding paragraphs. 

Litogage. 

For each package carried outside . ..02 

Additional Persons. 

For each person above two (two children 
under ten years of age are regarded 

as one person) 0 6 

Waiting. 

By distance only. For every fifteen 


minutes completed, if hired within 
the radius: 

Four-wheelers 0 6 

Hansoms 0 8 

When hired outside the radius, four- 

wheelers or hansoms 0 8 


Unless the cabman is told when hired that 
he is engaged by time, fares must be paid 
according to distance. A driver can refuse to 
be hired by time between 8 p.m. and 6 a.m. 

A cabman hired by distance must, unless pre- 
vented by the traffic, drive at the rate of six miles 
an hour ; if hired by time, four miles an hour. 
Should he be requests to drive above the latter 
speed, he may demand, in addition to the time 
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fare, for every mile, or any part of one, exceedin 
four miles, the fare regulated by distance* 

The Taxameter. Disputes between cal 
men and riders concerning the fare to be pai< 
will continue to be numerous until some distanc 
registering apparatus is affixed to every cab 
The taxameter was tried on a few London oabi 
in 1890, but owing to the opposition of the cab 
men as a body, the experiment was short-lived 
At the present day the objection to the taxa 
meter is not nearly so widespread among cab 
men. and there is every probability that before 
long it will be given a fair trial ; a commission oi 
inquiry into the subject has, indeed, reported this 
year (1906) in favour of its adoption. Somewhat 
resembling a clock in appearance, it is fixed over 
the off-side wheel, and records at the end of 
every journey the distance that has been 
travelled and the fare to be paid, including 
extras for luggage and waiting. It registers 
also the number of journeys the cab has made, 
the miles travelled, and the total takings of the 
day. When the cab is plj^g for hire, a httle 
red flag projects from the side of the taxameter, 
and the words “Not engaged” appear on the 
dial. When a passenger enters the cab, it is 
the driver’s duty to press down a lover, which 
causes the flag and “ Not engaged ” to disappear, 
the latter being replaced by the tariff. On 
arriving at the passenger’s destination, the 
driver pulls up the lever, whereupon a record of 
the distance travelled and the fare to bo paid 
appears on the dial. 

Many cabmen are the proprietors of the cab 
they drive. In the majority of cases the man 
originally drove for some other proprietor, but 
having saved money, started business on his 
own account. A hansom or four-wheeler can 
always be obtained on the hire purchase system, 
and a couple of cab horses can usually be bought 
at a low figure if a man is prepare^l to spend 
some days at the horse repositories waitmg for 
an opportunity to buy cheaply. 

Cab Radius. As already stated, the London 
cab radius is four miles from the statue of 
Charles I. at Charing Cross. Its extension has 
been advocated frequently, but it is unlikely that 
any alteration will be made while horse-drawn 
cabs are in vogue. When motor cabs are plentiful, 
the proprietors and the drivers of the latter will 
probably ignore it if it be not considerably 
enlarged. An important section of the drivers 
of horse-drawn cabs — ^the men who ply for hire 
in the City and the West End — are very rarely 
engaged to go beyond the radius, and con- 
sequently it is a matter of indifference to them 
whether it be extended or not. The cabmen 
who do object to any alteration are those who 
stand for hire just outside the four-mile limit, 
for they appreciate being able to charge a person 
who hires just outside the radius “outside” 
fares for the whole distance travelled inside the 
radius. Their reply to the fact that if they 
chained “ inside fares they would carry more 
people to the West End is that they would then 
lose their most profitable jobs — short shilling 
journeys from railway station to private houses. 
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Motor €}ab Resulationo, The oon- The conditions of employment under tramway 
ditions to be complied with before submitting a companies and on the municipal tramways of tlio 

motor cab for x>olice inspection are, to a great provinces vary, but the conditions in London 

extent, similar to those framed for motor omni- may be regarded as typical, 

buses ; but the following are some of the special Jobmasters. Any man who is energetic 
regulations. The height of the body of a hansom and a good judge of horses should be able to 

inside, from the top of seat cushion to the roof work up a profitable jobmaster’s business. Two 

at the lowest part, or where the front window- or three hundred pounds would be sufficient 

frames fold up toward the roof to the lowest part capital for a man starting in a very modest way, 

of the frame, must not be less than 40 in., the as broughams and landaus can be obtained on 

width inside at any point, not less than 40 in., the purchase by instalment system, and the hay 

the width from the back squab to the nearest and com mercliants will give him credit, if he 

point of door pillars, not less than 26 in., and for is a respectable man. Sometimes tlio hay and 

tmee space, not less than 28 in. The height of com merchant will advance money to a man 

body of a brougham or landaulette, from the top desirous of starting business as a jobmaster, 

of seat cushions to the roof at the lowest part, but it is advisable to dispense with this assistance 

must not be less than 40 in., the width between if possible, and be free to buy hay and corn in 

the hinge pillars or shutting pillars, not less than the cheapest market. 

40 in., the width of door, not less than 21 in., For every vehicle which a jobmaster lets out 
and it must be so constructed that it opens to the he has to pay ISs. for a licence. His coachmen 

fullest extent, and causes no inconvenience to are paid from 238. to 368. a week ; but as their 

passengers. Where the carriage is provided with duties include the ordinary stable work, horse- 

front and back seats, the measurement between keepers are not necessary. Many jobmasters 

the front edges of cushions must not be less than do a good business with commercial travellers’ 

19 in , the width of front seat not less than 14 in., broughams, which they let out at about £12 

and of back seat not less than 16 in. a month, this sum including horse and coach 

Tramwaya. The London County Council man. The wages of the coachman are about 

bemg the proprietors of the majority of the tram- 23s. a week, but this sum is augmented by tips 

way services in the metro^lis, the man who is which he receives from the commercial traveller, 

desirous of becoming the wver or conductor of the amount varying according to the prosperity 

a tramcar, horse-drawn or motor, cannot do and generosity of the donor, 

better than apply for employment to the chief No licence has to be paid for the letting out 
officer of L.C.C. Tramways, 303, Camberwell of saddle horses, and in some neighbourhoods 

New Road, 8.E. Both drivers and conductors this branch of a jobmaster’s business is very 

of the horse-drawn tramcars work six days a profitable. 

week, the rate of pay being for each 48. 9d. a On important State occasions, when the 
day on entering the service ; 6s. 3d. after six nation’s guests are numerous, the Royal stables 

months, or on obtaining a service car ; 6s 9d. are unable to meet the demands tor carriages, 

after six months on a service car ; and bs. 3d. with the result that some of the leading 

after twelve months on a service car. Men jobmasters receive orders to supply a certain 

are promoted from “ spare ” men to “ service ” number of broughams, landaus, and, occa- 

men, as far as possible, according to seniority sionally, hansom cabs. The jobmasters naturally 

of service. Every driver and conduc^r receives appoint their best coachmen to drive thes(‘ 

also a uniform coat, overcoat, and two hats a carriages, and the selected men usually receive 

year. Stablemen are paid 206. a week ; washers, a handsome gratuity from ti^e distinguished 

268. to 30s. ; farriers, 398. to 438. 6d. ; track persons whose coachmen they become for the 

cleaners, 268. ; pointsmen, 248. ; trace boys, 148. time being. 

to 18 b. ; ticket inspectors, 428. ; regulators, 42 b. ; Carmen. Of all drivers, carmen are the 
and night inspectors, 428. All the above- worst paid, their wages ranging from 16s. to 32s. 

mentioned work six days a week, the total a week, the higher sum being received by the 

number of hours per week being 60, exc^ in the men who drive a pair of horses. They work 

case of farriers, who work 64 hours. Hie only on an average 14 hours a day, but, unlike most 

men who work seven days a week — total number workers, have no settled times for meals, and 

of hours 70 — are the foremen and deputy fore- must get them when and where they can. 

men, whose pay respectively is from 428. to Whenever a carman leaves his vehicle to obtain 

64s. 6d., and 428. a meal he runs the risk of being summoned by 

The drivers and conductors of motor tram- the police for leaving it unattended, and having 

oars receive the same pay as the drivers and to pay a fine of from 28. 6d. to 168. and costs, 

oonductors of the horse-drai^ oars, but they The London carmmi, of whom there are some 

work 66 hours per week instead of 60. 46,000, are endeavouring to get Parliament to 

When any of the L.C.C. tramway employees sanction the provision of registered stands 

are requests to work during their stand off ” where they could leave their vehicles in safety 

or ** resting** time they are paid at ihfj rate of when they wish to obtain food. Such standa 

tjnie and 'a quarter. are very badly needed. 
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have reached the door of the newspaper 
office, and the work of him who steps inside 
will begin to take definite shape. He may never 
have been in a newspaper office before, and his 
first impression, perhaps, will be one of surprise 
at the utter simplicity of everything he sees. 

He will remember what a wonderful thing a 
newspaper is ; how it reaches to the very ends 
of the earth, and how it brings, or how it should 
bring, the beating heart of all the world to our 
own firesides. He will know that nothing can 
happen in any far-away comer of the world 
which will not some time, in some way, make 
itself known in the room he has entered. Yet 
all that he will see before him will probably be 
a few chairs and tables at which men Are 
writing or reading telegrams. He will find, 
no doubt, his first encouragement in this. The 
simpler the conditions, the more hopeful he 
should be ; and the man whose work needs no 
other tools than a fountain pen and a pad of 
paper can hardly wish for an environment more 
free from mystery and technicality. 

The Reader*# Room, Journalism has 
many destinies, and the time will soon come 
when our candidate must make up his mind 
which of these he will choose. He will have to 
decide whether he would like to bo a reporter 
or a sub-editor, or whether he would rather aim 
for one of the other various posts a newspaper 
has to offer. But that time is not yet, and 
for practical purposes his work will be, for the 
first year or two, precisely the same whatever 
ultimate goal he has in view. The first business 
of the journalist is to be ready to do anything. 

It should have been pointed out before, per- 
haps, that journalism may be very easily entered 
through a department of the composing room. 
One of the most important figures in a news- 
paper office is the reader, to whom is entrusted 
the business of correcting proofs. The reader's 
room, one of the busiest comers in a newspaper 
office, affords an excellent opportunity for an 
introduction to newspaper work, and a boy mav 
enter this department as a copyholder much 
earlier and more easily than he can j^sibly 
enter the reporter’s room. It will be his duty 
here to read copy aloud to the reader, who will 
compare it with the proof and make any necessary 
corrections. The training in this work will help 
considerably to prepare him for journalism, and 
this way of beginning may, ind^, be strongly 
recommended from many points of view. A 
year in the reader’s room will enable a boy to 
form an opinion as to his liking for journalism 
as a career, will make him careful and quick to 
detect error, and will in many ways help to put 
him on the road he is anxious to trea^ 
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The Journalist*# First Work. But, 
whether with or without this experience, he will 
begin his real journali««m in the reporter’s room, 
and the first few years of his life here will 
be decisive of his place in his profession. He 
should never forget that his first duty to himself 
as well as to his paper is to gather experiences 
wherever ho can, whenever he can, however ho 
can ; and ho must be prepared to think nothing of 
hard work, of long hours, of irregular meals, of 
wear}' miles of walking by night, of unexpected 
demands to begin again at the end of a trying day. 
Journalism has no room for the man who must 
go home when the clock strikes. 

Only one thing is automatic in journalism — 
the hour of going to press. It is the irregular 
and over-changing nature of his work which 
the young journalist will come to regard as its 
chief value and charm. But he will find that at 
first his work lies in a well-defined field, and 
that he is given the responsibility of “ covering ” 
several regular and necessary appointments. 

He will have become an apprentice, no doubt, 
on the staff of a provincial paper in a town such 
as, say, Nottinghp.m. We may quite safely 
assume that he is in the provinces, because it is 
utterly impossible for a reporter to begin his 
career on a London newspaper. It is, indeed, 
impossible to begin newspaper journalism at 
all except in the provinces. It will be helpful, 
therefore, to take a swift survey of the ordinary 
work of a reporter in a typical provincial town, 
in the office? of a morning paper with an evening 
edition, and the reader should bear in mind that 
it is precisely this kind of work which the young 
journalist is sure to be called upon to do at the 
outset of his career. 

The Reporter*# **Call#.** The day 

begins with a series of calls which, though 
made by the junior member of the staff, are of 
the greatest importance. The coroner’s office, 
the fire station, the police station, the hospital, 
must be called at early every morning ; at 9 or 
10 o’clock, or earlier, according to the time at 
which the paper appears. Let us go with the 
reporter on his round. 

At the coroner’s office he learns of some fatal 
accident, some sudden death, or some death by 
violence, and the brief statement of particulars 
which the coroner’s officer allows him to see 
gives the essential facts. If an inquest is to be 
held the reporter notes down the time and place. 
At the hospital he may glean particulars of 
some street accident which has not proved 
fatal, and has therefore not come to the notice 
of the coroner; and there ore many kinds of 
information which he may acquire oy keeping 
in close touch with the hospital authorities. 






So, too, at the police and fire stations, usually 
close together. The reporter may leam here of 
some probable development in the local courts 
that morning, of some interesting arrest, or of 
some outbr^iJc of fire. With the necessary 
information about these things in his notebook 
he returns to the office and presents his report to 
his chief. If the matters are of minor import- 
ance he may be asked to write para^aphs 
concerning tnem, and this may be considered 
adequate treatment of the circumstances. 
Should there be any sp^ial interest, however, in 
any of the cases, the chief reporter will enter the 
event in a diary to be “ followed up^’ either by the 
junior himself or by one of the senior rep<n*ters. 

The Reporter's Diary. The diary is the 
most important and exciting book in the office. 
It is the genesis of the next edition of the paper 
so far as local events are concerned, and there are 
times in every reporter’s life when ho approaches 
this book in fear and trembling. He may find 
himself marked to take the next train to Man- 
chester, or Birmingham, or Exeter, or Cardiff, to 
send a special account of a railway accident, a 
description of a political meeting, an interview 
with a man who has suddenly become of local 
interest, an investigation of some commercial 
enterprise closely concerning the readers of the 
paper. He may find himself sent away for a 
week to follow a candidate through a by-election, 
perhaps in some remote constituency in the depth 
of the winter. His fate for the day, whatever it 
m^ be, IS settled by the diary. 

H is the duty of every reporter to boo that 
every interesting event that takes place in 
town is entered in the diary, and the junior 
may make himself very useful to his chief by 
keeping his eyes wide open for public announce- 
ments. It will be his duty also to familiarise 
himself with the dates of regular meetings which 
must be attended, and to see that these are 
carefully entered. The monthly meetings of the 
local authorities, the meeting of the town and 
county councils, the education authority, Iho 
parish and district councils, the annual meetings 
of societies, are all stock engagements whkh 
should never be left to casual reoolleotion, but 
should be entered in the diary a year ahead. 
Notifications of most events are B«it to the 
office by those concerned in them ; but the 
vigilant reporter never relies on secretaries, and 
every day events occur of which no notification is 
sent. It is the duty of the reporter to see that 
these functions are not missed. 

What the Reporter Should Know. 
The wise reporter will know something about 
most of the things that happen in the town. He 
will Imow not only when an annual meeting is 
to be held, but \mat is likely to be diaonssed at 
it He will be friendly with all sorts and condi- 
iioiis of people, with employers of labour, with 
working men^s leaders, 'vthh social workers, wiUi 
ministers and clergymen, with lawyers, idiop- 
keepers, jpoliee officers, builders, dootors, work- 
house offioialB, town oounoiHors and poor-law 
guardians, HhrtnriaiiB, and a host of othm people 
m all sorts ol posts places. The whole worn 
is hh idsa-bcBt sad the reporter never knows 


when there may be a column of copy ** in the 
most casual remark of somebody he meets. 
He may be attending a public meeting in a 
neighbouring village, and may find himself 
chatting with the chairman, who is, let us say, 
the local estate agent and valuer. Has the 
reporter ever thought of the copy that lies 
unused in a valuor”s office ? If ho is used to 
seizing opportunities, he will discover that his 
valuer friend knows the ins and outs of all 
the little businesses in the neighbourhood — 
how they pay, their market value ; what kind 
of business succeeds and what kind fails, and 
why ; the factors that make one tradesman’s 
life prosperous and happy and another a tragic 
failure. He will find a veritable mine of 
information of economic value and great public 
interest in the man whose business it is to know 
the comparative values of things in our villages 
and towns. 

The Value of Shorthand. It will 
have been gathered already that a reporter’s 
life does not by any moans consist in the mere 
writing of shorthand and the transcribing of 
his notes. With the development of journalism 
the reporter has become largely merged in th*» 
descriptive writer. Tliore will, no doubt, always 
be a demand for notetakers ; but there is no 
demand for men who can merely take notes. 

One of the most successful journalists of our 
time, Mr. T. P. O’Connor, has said that a 
journalist will succeed better without shortliand 
than with it. What he means is, probably, 
that the journalist is better without short- 
hand when he gained experience. It is un- 
doubtedly true that the man who succeeds in jour- 
nalism without the use of shorthand is the l^st 
journalist, because his journalism is the sheer 
triumph of his own native ability without any 
mechanical aid such as shorthand gives ; and in 
succeeding without shorthand ho develops 
qualities a thousand times more valuable to him 
than shorthand could ever be. 

But we live in a world where journalists are 
not bom with a T.P. pen in their hands, and it 
is still true that the broad way that lettds to 
journalism ' is by Pitman’s shorthand. No 
m^inaiy young man has the slightest opportunity 
of joinmg a newspaper staff unless he learns 
shorthand, and this great fact is in itself an 
answer to those who declare that shorthand is 
unnecessary. While, therefore, the young jour- 
nalist will fight against any inclination to trust 
to his ^ortl^nd as to a crutch, he will not fail 
to use it as a walking-stick — if one may adopt 
Sir Walter’s famous simile 

We have considered some of the duties which 
will make demands upon the reporter’s notebook, 
and there are countless others. Every day there 
may be police courts sitting in which the reporter 
must B^e careful notes of the evidence of 
witnesses and legal statements. Not a day 
posses in which a careless reporter would not 
run the risk of involving his paper in an action 
for libel. Even such simple matters as the use 
of the word '' prisoner ” for defendant," and 
the necessity of guarding a report in accordance 
with the theory that a man is innocent until he 
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has been proved guilty, will cause the reporter 
much anxiety at tirst. 

Pitfalls in the Reporter's Path. He 

must take care to realise the many pitfalls that 
lie in his path. He should never, when learning 
his work, resent the advice ot a more experienced 
colleague. He should never allow himself to 
lose the sense of responsibility, to forget that 
the thing ho writes is given to the world and 
cannot be recalled. The clerk who makes a 
mistake in hi^ books to-day can rectify it to- 
morrow ; even next week or next month the 
mischief may be stopped before it has gone too 
far. But a mistake in a newspaper paragraph 
goes on for over. No correction can make it good. 

A full sense of this truth will save the jour- 
nalist from many slips. It will save him 
from such an experience as befel thf» writer 
when, in a mood of unpardonable indilference 
to all that he is now contending, he betiayod 
the paper which trusted him. There was 
in his town a place of entertainment so vulgar 
that he would not go to it, and his generous 
chief saved him the pain of rebellion by 
not marking him for the engagement ho held 
in such contempt. There came a busy night, 
however, when there was no way out, and the 
sensitive junior reporter was marked to “ cover ” 
the fatal engagement. He would not go. On 
an electric switch by the fireplace in the reporter’s 
room hung the weekly bills of the music hall ; 
every week the new bill was put in its place on 
the top. Taking down the top bill, the rebel 
junior, guarding himself by an assurance 
over the telephone that the programme was 
being “ satisfactorily performed,” wrote a para- 
graph saying so for the next morning’s paper. 
It appeared, a tame little paragraph in which 
nobody would have looked for a bomb- 
shell, until the. manager pf the music hall 
called to know what subtle reason the paper had 
for declaring that a programme five weeks old 
had been received the night before with great 
applause ! There are obvious morals to the 
story, which every junior reporter may apply. 

Ezf](erlence of ** Copy." The reporter 
should strive to create the feeling in the mind 
of his chief that he can be relied upon. It will 
be necessary at first for his copy to bo revised, 
but the time will come when he himself will 
be given opportunities of revising the copy 
of a newer apprentice, or of the country cor- 
respondents who, invaluable as they are to any 
paper, have sometimes a genius for missing 
essentials and for writing tediously, in very 
liad grammar, about trifling things. The value 
of the good local correspondent can hardly be 
exaggerated, but the chief value of the bad 
cor espondent is that his copy is a means of 
teaching sub-editing to thos who deal with it. 
The reporter who is called upon, as all reporters 
are, to practise sub-editing, will find this 
experience so useful to him that he should do as 
much of this work as he can ; it will help him to 
see defects in style, and to. achieve a free style 
of hjis own. * 

The bulk of the reporter’s work is, however, of 
a very different kind. His own copy should, after 
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one or two years’ experience, be ready for press 
without any sub-editing. He will learn in these 
first years much more than any book can teach 
him. He will have been called upon to test 
himself at almost every possible kind of function. 
He will have learned the value of every minute, 
the use of the telephone and telegraph, the 
importance of being able to make up his mind 
quickly how to act, the necessity of utilising 
time spent in travi‘lling, and ot writing with a 
rapidity he has not thought possible before. Ho 
will have found that newspaper work is not all 
flower-shows and weddings ; but he will have 
found, also, that constant application and 
organisation make the most difficult things easier. 

Reporting a Speech. There is a groat 
difference in the styles of reporting which will 
come under his notice. The reporter will dis- 
cover these things for himself, but we will take 
one example. There was h fine passage the 
other day in a speech by Mr. Winston Churchill, 
in which he drew the line between individualism 
and collectivism. Here is a first-person extract 
from his speech : 

That 18 whoio the SoeialmtH make a iniblako. Ixjt 
us be careful not to fall into it. We have an Army 
Hiid Navy collectively. Collectively we maintain a 
Co\ernment, police, and Po«t Office. But we do not 
make love collectively. Wo do not die collectively, and 
it IK not collectively that we suffer, and hope, and win, 
and lose, in a world of accidcntH and storms. 

The reporter who has to report this in the 
third person need only alter the first two lines : 
” That was where the Socialists made a mis- 
tak(* Tx)t Liberals be careful not to fall into it ” 
In ordinary third-person reporting, however, 
this degenerated into : > 

That was whore the Social iHts made a mistake. 
Let them be careful not to fall into it. We had an 
Aimy and Navy collectively,, Collectively we main- 
tained a Government, police, and Post office. But i^e 
did not mak'» love collectively, wo did not die coUoc 
tively, and it wan not collectively that we suffered, 
and hoped, and won, and lost, in a world of accidents 
and Htorius. 

This, of course, is full of absurdities, almost 
worthy of the reporter who put a quotation from 
Tennyson into the third person by saying : 
“ The speaker said that kind hearts were more 
than coronets, and simple faith was superior to 
Norman blood.” 

It is unfortunately true that in third-person 
reporting the practice of unnecessarily altering 
the present to the past tense is ordinarily 
adopted, but it is rarely done without spoiling the 
report, and sometimes quite perverting the mean- 
ing, as, say, in the case of a speaker who says : 
** London is greater than Manchester, and its 
streets are wider than the streets of Manchester.” 

This in the third-person style of reporting now 
common would become : '' London was greatei 
than Manchester, and its streets were, wider than 
the streets of Manchester,” the effect of which, of 
course, would be to give the reader the impres- 
sion that London was ^eater than Manchester 
in the past, whereas what the speaker meant 
was that it is greater than Manchester now. 

Reporting by Telegraph. The reporter 
will some day be called upon to send his copy by 
telegraph, and he will find this quite simple. 
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Vih. 


Delete (take out) 

Turned letter 
Caret (insert) 

Quotation marks 

Insert hyphen 

Close up 

Insert a space 

Run on into on e paragraph 

Break, or new paragraph 

Apostrophe 

Comma 

Full point 

Transpose words or letters 


Jl Capital letters 

m. Small capital letters 
O Indent line one ** em " 

L Reduce space 

n. |L New paragraph 
X Broken letter 

ai.f. Wrong fount of type 
Ignore correction 
nom Roman type 
UaL Italic type 

Metallrule ( — ) 

J End even 

Lc. Lower case (small letters)] 


SIGNS irSKD IN OOBRECTINa PROOFS 


bih. The exeroiseSSwire l^ correcting will bring itsj ] 
CU (7) reward in a greft 80riBg of time and expense 0 
I One man ma^ correct a proof in such a way that 
(x. its ]|tevision inYOlves an hou^ work in the conq^ ^ f 
posing room, while another may achieve the sanw a 
3j end by# corrections involving only ten minut^QT ';C 
' work. Proof co^ecting is essentujlly one m U 
the things which only experience can teach, and ' 

A the the experience will come and naturally stkt 
' to the journalist. OnthiapagetKereisreproduo%L df 
the passage weare reading, ^specially set so as to ' 
repreaen|typioal mistakes in setting. In 
the marg]^ appear the reader’s corrections, and 
a comparison of thfse with the parag^ph as i{^w A C 
^ing^bad will illustrate the way in which proof! Sj 


n 


bu. 


oorreotioiu ooour in one line oorreo* 


k wAirouMuiw vwus: lu uuv tuie vuo vurtivu- ^ 

revised, (ft yQl be noticed that where two or 9/ X 
sl tion! are markM in the same order wthat is, Vm 
I I the first correction refers t o the first mistakei tj 


tkA. the second to the seconckrfinstake] 


mistake! 
nd so on. 


HOW TO CORRECT PROOFS 

This pa 98 aK('- appearn in itn revised form on this pafte as part of this article, 
and trie aetnal passage should be compared with the above 


The first thing necessaiy is 
to obtain from the post-omoe, 
free of charge, a supply of 
Press telegraph forms. On the 
front slip (Form 1) are the places 
for the names and addres^ of 
the papers to which the message 
is addressed ; Form 2 is merely 
for the continuation of the 
message. Up to 6 p.m. on any 
day on which the office is open 
the reporter may hand in a 
message at any post-office in 
the kingdom at the rate of 75 
words for a shilling. After 
6 p.m. the rate is 100 words 
for a shilling. 

There are still telegraph 
offices in the kingdom where 
no Press message has ever been 
seen, but the Post Office rarely 
disappoints the journalist. It 
is a condition that notice shall 
be given of any messages over 
200 words, but where this is 
impossible the rule is readily 
relaxed. By wTiting to the 
secretary of the Post Office, 
giving him twenty-four hours’ 
notice, the reporter may have 
any office in the kingdom kept 
open on pa 3 anont of a minimum 
fee. When the message is to 
be sent to various papers, aU 
that is necessary is to write the 
names and admesses on the 
front slip of his message, or to 
pin a list to this slip, and to 
pay 2d. instead of a shilling for 
each subsequent address — that 
is to say, a message sent after 
6 p.m. from London to ten 
different newspapers in ten 
towns will be charged for once 
at the rate of a shifling per 100 
words, and nine times at 2d. per 100 words, and 
it may be sent any number of times at this rate. 

Rapid Writing. It is not possible for us 
to consider here, even in this brief fashion, all 
the practical things that a reporter must know. 
He will come to learn them as he goes along. He 
should never be satisfied with himself so long as 
it takes him more than an hour to write out a 
thousand words in longhand from his notes. The 
reporter’s ideal is the House of Commons Gallery 
man who once wrote three columns of the Times 
(over 6,000 words) in three hours. 

To facilitate rapid writing of longhand a series 
of abbreviations is recognis^ in every printing 
office and in every post-office. They are : 

/«the, fm»frotn, f^for, wd^^would, o»of, shd»iliould, 
t-^that, h^a^liave, wls=irill, w«««rith, whsewhich, cd»coii]d. 

Many other abbreviations will readily suggest 
themselves — such as, for instance, g for ing ; n for 
ftoa-— that is, 9pea^ for speaking ; terminal^ for 
femtnigtbR. 

Of even greater importance is it that the 
joumaHst idiould learn how to correct proofs. 
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The exercise of care in correcting will bring its 
reward in a great saving of time and expense. 
One man may correct a proof in such a way that 
its revision involves an hour’s work in the com- 
posing room, while another may achieve the same 
end hy corrections involving only ten minutes’ 
work. Proof correcting is essentially one of 
the things which only experience can teach, and 
the experience will come early and naturally 
to the journalist. On this page there is reproduced 
the passage we are reading, specially set so as to 
represent typical mistakes miade in setting. In 
the margin appear the reader’s corrections, and 
a comparison of these with the paragraph as now 
being read will illustrate the way in which proofs 
are revised. It will be noticed mat where two or 
more corrections occur in one line the correc- 
tions are marked in the same order— that is, 
the first correction refers to the first mistake, 
the second to the second mistake, and so on. 

The Reporter^e DIfftoultlee. The 

reporter should learn to write in almost any 
conditions. He may have to take notes in a 
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crowd, holding an umbrella, or hanging on to a 
lamp-post. He will find great difficulty at times 
in obtaining names at meetings ; ^1 suffer 
much inconvenience from the neglect of secre- 
taries, the mistakes of speakers, the bad manners 
of many people who ought to know better. He 
will be insult by people who imagine that every 
reporter has his price — from the poor woman who, 
knowing no better, offers him sixpence to keep 
her boy’s name out of the paper, to the man 
who, knowing better, is not ashamed to tempt him 
into evil by offering him gold. 

The gooa reporter is obuvious of the difficult 
or unpleasant circumstances in which he may find 
himself at times. He will think nothing of 
having to write in trains — that, if he will sit 
facing the engine and write on a stiff board, 
letting his back como into contact as little as 
possible with the carriage, is easy. He will 
accept a difficult engagement quite readily, 
knowing that the experience will make the same 
work easier when it comes again, until difficulties 
cease to trouble him. He will learn to have a 
contempt for such men as the reporter on a 
London morning paper who, having been 
engaged in the office for some time, was told to 
do outside work. “ But I am no good at outside 
work,” he said. “ Well,” said the editor, “ that 
is all I have for you.” “ Well, I had better take 
my pay and go,” said the stupid reporter, and 
one of the most go-ahead halfpenny papers in 
London was well rid of him. The reporter who is 
“ no good at outside work ” is no good for any- 
thing to a newspaper, and it is a most unfortunate 
day in a journalist’s career when he refuses an 
engagement for reasons of that kind. 

A Royal Road to Information. 
There are many things that the reporter must 
teach himself. Only his own experience can 
teach him the priceless value of the gift of 
holding his tongue and of never expressing 
surorise. 

There is a familiar story of a representative of 
the Times dining with a physician, who men- 
tioned that a statesman had that day asked him 
if India would suit him. He had answered, 
“ Yes.” The Times reporter exhibited no sur- 
prise and no imusual interest. Knowing that 
the Viceroyalty was vacant, he went to the 
office and wrote a paragraph saying that the 
statesman was to be the new Viceroy of Lidia. 
He was right. A casual remark at dinner had 
contributed what may have been the most 
interesting paragraph in the next day’s papers. 
It was a crei^taHe achievement, and it depended 
upon four qualities on the part of the journalist. 
He knew his facts ,* the Viceroyalty was vacant. 
He had cultivated his natural powers of deduc- 
tion ; it was not likely to be a mere coincidence 
that one of the probable candidates for the 
Viceroyalty should ask at that particular moment 
if Inma would suit his health. He had the 
astuteness not to seem unusually interested ; he 
had all the information he wanted, and knew 
that any expression of surprise might cause the 
physician to pledge him to secrecy. He had the 
courage without which no man ever succeeds in 


journalism ; he did not wait to make further 
inquiries, which would have lost him the dis- 
tinction of making an exclusive announcement. 

The Man Who Always Knows. It is 
one of the surest and wisest rules in journalism 
never to manifest surprise. It is the business 
of the journalist to hn/cyw^ and he should give 
the impression of a man who knows wherever 
he goes to seek information. The quickest way 
of closing a man’s lips is to express surprise 
at anything he has said. He hesitates, pauses 
to ask himself if he is wise, and at last regrets 
having revealed a secret. The natural reluctance 
of men and women to say anything which may 
involve them in trouble or publicity makes the 
work of the journalist often unnecessarily hard ; 
and the journalist can Smooth the way tot him- 
self by taking a startling statement as a matter 
of course, as if he had been familiar with it 
all the time. It is not necessary, of course, 
to point out the difference between a piece of 
confidential information and information which 
it is quite legitimate to publish, though the man 
who can give' it is unreasonably nervous about 
doing so. No reporter worthy of the name will 
break faith by publishing something he has pro- 
mised to keep secret. We are discussing now the 
method of obtaining information or opinions in 
a quite legitimate manner from persons who, 
either because of their own nature or because of 
the circumstances, may be very easily frightened 
and stricken dumb by the way in which the 
journalist receives their statements. 

The Value of Sympathy in Report- 
ing. The reporter’s life brings him into contact 
with that side of things which is not always the 
best, but he will, if he is wise, take care that his 
experiences make him not a worse but a better 
man. He need not be ashamed of having emo- 
tions even as other men. The chief reporter who 
knows his work well and knows how to get full 
value from his staff will do his utmost to see 
that his reporters are sent to i^rmpathetic engage- 
ments, and he will do all that ne can to encourage 
rather than repress any enthusiasm the reporter 
may manifest. The reporter is too often re- 
garded as something apart ; a necessary, but 
not an inteml, piece of machinery. He should 
make it his business to become an mtegral factor 
in things, to feel himself a part of, and let others 
feel that he is a part of, whatever is happening. 
It is inevitable that the reporter should 
find himself in the company of people he dis- 
likes, in an environment that is intolerable to 
him, doing work that he detests ; but it is a good 
thing to bear in mind that the man who will 
describe a movement best is the man who feels 
the spirit of it, who knows the aim of it. There 
was a wonderful article describing a Salvation 
Army meeting in a London paper not long ago. 
It was written by a reporter who cdls himself 
a Freethinker, but who had the greatest difficulty 
to keep away from the penitent form as he lis- 
tened to Miss Eva Booth. It is not astonishing 
that he wrote a wonderful article. The reporter 
who puts his soul into his work will carry 
everyteing before him. 
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DRESS FOR LITTLE BOYS 

Group 0 

DRESS 

A Set of Garments for Little Boys. Tunic and other 

29 

Suits. The Popular **Man«o-War.*’ A Scotch Kilt 
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By AZELINE LEWIS 

IT has already been remarked that, although The little 
^ both boy and girl babies at first wear petti- minus the i 

coats, there is some slight difference in shape, as being arrang 

those for the boys are generally out with long If made in v 

waists, the skirt part consisting of a shaped or bo lined, bui 

straight-gathered frill. The little frocks, too, at each odg* 

even the kilted style, could be made on the needed. Th 

same lines. material, anc 

Diagram 88 shows a set of boy-baby garments goods, 
for the first stage : (a) is the small combination. Diagram £ 
consisting of two parts, the 

leg portions of which, made a 

little larger, will afterwards ( . 

do for pants. At this very ^ LJ f 

early stage, however, a little \ L 

knitted vest, cut up sufficiently ^ ^ 

deep to form legs, will answer (C / \ 

the purpose admirably, (e) /f* 

is an American vest or shirt, f d \r 

made of very finest flannel, vJ i ' 1) tw rpVv ipvh 1 »:) 

which may be worn up to 

four years of age under a tunic — ^// JJ\ 

or suit. ^ tjll 

The small drawers are /^CaT"/X /^firniX ^ 

shown at (6). These are made / / jl I ) 

all in one, the fastening con- (j ^ ^ Jiilf I V I ' 


sisting of tape p^ed through 1 

eyelet-holes, as in the sketdi, k ([. 

which are drawn up and L. 

passed round the buttons of 88. baby-b 

the bodice, (c) is the petti- 
coat, which diflers only from that shown in 47 in 
having the seams from the armholes, and one 
instead of two shaped frills for the skirt. 

The frock, made of white flannel, Viyella, 
or wincey, is shown in (d). (g) is a cross-over 

tunic, with vest and collar ; (^), a pleated tunic 
frock. For quite small boys these are better 
arranged in a short yoke, but for older boys the 
pleats should come from the 
shoulder, (t) shows a smock, 
or overall, of holland or linen, ^ ^ 

and (/) a neat variation of the I j 

tmiio suit, with an added , ^ y 

waistcoat. i ‘ 

Tunic Suita. Nearly all | * ^ 

these garments can be cut i 
with &ld of the draftings ] \ 

already given, with slight 
alterations. The bodice of 
the petticoat and frock, for 84. ambb 

instance, is the same as in 
25, only a few inches being added to the 
length, and seams made to come from front of 
anwole. Directions have already been given in 
DBESSUAKlNa for cutting circular and shaped 
flounces, the little skirt sketched being of this 
diape, as it sets out so much better at the lower 
edge than the gfraight-out one. 


88. BABY-BOY GARMENTS 


84. AMERICAN SniBT 


The little frock is exactly the same shape, 
minus the seams at side of front, the pleats 
being arranged on the pattern before cutting out. 
If made in washing material the bodice need not 
bo lined, but the pleats should be stitched down 
at each edge ; if of woollen goods, a lining is 
needed. The petticoat will take } yd. of 3()-in. 
material, and ilie frock from 1 to IJ yd. of 27-in. 
goods. 

Diagram 84 shows the shape of the American 
shirt, which can also bo 

1 adapted from the bodice 

I pattern, with the necessary 
I extension for the belt part. 

I This vest should bo cut solv- 
I edge ways of the flannel, as 
\ 7^'^- ' much less likely to 

\ — ^ i stretch. The edges are bound 

11 ribbon, care being 

j Wil 'll Jfe/ 1 ^ stretch the cross- 

1 edges, whilst the seams 

■ — W must be neatly horringboned 
fine cotton. Throo- 
quarters of a yard of flannel 
I J //TYi\ I required. 

n '|\\j In 86 we have the drafting 
n \ ' 7r I \'\\ 1 of a tunic which will serve 

-j-U I 

:^:Cx_j as well as for (d) and (/) in 86. 

Y GARMENTS Thest^ can be evolved from 85 

by adding on the requisite 
length and width to the lower portion. The 
plain tunic measures about 1} yd. round the 
lower edge. 

The double broken line at (a) in 85 shows the 
direction to bo taken for the fronts of the cross- 
over tunic in (g) of 88 for a very little boy; 
whilst the single row of broken lines indicate the 
direction for the plain double-breasted affair, 
with a diagonal closing, as in 
(d) of 86. 

^ The pattern will also servo 

\ as model for the pleated tunic, 

X. shown in the same diagram 

^ [88], by modelling the pleats, 

I n described for the pleated 

/ skirt, as shown in diagram 80, 

/ and also in Tailoring for 

/ Girls [page 24G8J. Tlie box 

pleats are about 2 in. wide. 

JAN sniBT If a yoke be needed, cut this 

from the uppr part, os shown 
by the notches, and model the pleats for the 
lower part as described. 

This tunic may fMten at centre-back or front, 
as referred; if in front, the opening must bo 
made to come under the middle pleat. 

Directions for drafting the collar have already 
l>een given, whilst that for the crossover tunic of 
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88 must be shaped to fit the neck and front % 
opening. The vest can be cut to the directions 
of the singlet shown in the boy’s man-o’-war 
suit, in 41, with the addition of a collar, or not, 
as fancy may dictate. 

Little Boys’ Svits. The ideal suit for 
small boys, advocated by many doctors, is the 
kilt. Tnk provides the necessary leg covering 
and gives freedom, whilst ensuring warmth to 
encourage a proper blood supply to the knee and 
leg. The kilt can be worn 
with either coat and waist- 
coat — the making of both of 
which have been already 
described faij—or a sailor 
blouse. 

Diagram 86 shows the 
various garments suited to 
the second stage of the small 
boy’s existence, (c) is the 
small first shirt, to be made 
of either fiannel or shirting. 

Combinations would, how- 
ever, still be retained, and 
knickers or pants would be the same as those in 
88, with a slight increase of size. (6) and (a) 
depict two French shapes for the small boy, 
which may be commended to the notice of 
mothers. The first is a cross between a chemise 
and a shirt, which may be recommended for 
summer, whilst the latter, combining the advan- 
tages of the shirt and combination, is advisable 
for winter wear. This latter shape, with the 
leg portion further lengthened, forms the 
sleeping-suit. 

In (a) is shown a Russian 
tunic, which is worn over 
small knickers, and can be 
plain or pleated, as preferred. 

(/) depicts the same pattern, 
only made to fasten in the 
centre. This is a very suit- 
able style for boys from four 
to six years of age. 

Three things are necessary 
to this suit — liz.f the collar, 
tie, and the belt, whilst a 
fourth may also be added — 
the cap, which is of the 
“ Tam ” order, for outdoor 
wear. The suit may be nuMle 
of any material, and any 
suitable colour. The suit can 
also be worn W older boys, 
when a plain Eton collar is 
best, l^e belt should be of 
leather, with a large plain 
buckle. 

In (t) we have a Scotch 
kilt suit. For the making 
of this, see directions for 
vious course [page 4053]. 


TUNIC 



kilt in the pre- 
, It may, however, be 
remarked that the kilt ^ould be fuller, and can 
well have three widths of material. (A kilt for 
an adult Scot measures, on an average, seven 
yards round.) If made with a plain front it 
should be made to lap over the full width of this 
plain part, and thus be double where required. 
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For the making of the coat and waistcoat, 
see Tailobjng fob Women and Ohildben 
[page 1110], all that is necessary being to cut 
the pattern without allowing inlays, if required 
for the smaller size. 

A Man*o’«War Suit. In {g) we have the 
suit cut exactly on the lines of that of a Jack 
Tar From a hygienic point of view this is by 
far the best sailor style for the tiny boy, because 
the blouse, or “ jumper,” as it is technically 
known, is cut somewhat 
long, so as to be tucked 
into the waist part of the 
trousers, which are cut with 
a fall-front, and thus affords 
more warmth than the or- 
dinary blouse gathered mto 
an elastic. 

(e) shows a blouse fastened 
over in the manner of a 
short Breton coat, which 
makes a warm wrap. In 
the American fashion it 
fastens over in the opposite 
direction, (h) illustrates a removable sailor 
collar, the semi-circular piece at the back keep- 
ing this in position. From six years of age and 
onwards the coat and knickers, as well as the 
Norfolk and other suite which are described in 
Tailobino [page 1752], con be worn. With regard 
to his out-of-door attire, the small boy looks very 
well in a tunic coat, cut on similar lines to that 
sketched in 86, made of cloth, velveteen, or cordu- 
roy velvet, with leather belt and large square 
buckle. Another style would 
be the sacque coat, cut the 
same as in 82, only less full in 
the skirt portion, and made 
single or double-breasted, as 
preferred. This can be accom- 
panied by two or three gradu- 
ated capes, highwayman 
fashion, and a tricorn hat. 

The reefer coat is a very suit- 
able accompaniment to the 
man-o’-war suit shown in 86. 

Later on the little boy may 
quite well be clad in on over- 
coat with a step-collar, with 
Chesterfield or double- 
breasted fronts, for which 
full description as to drafting 
and making are given in 
Boys’ Suits [p^eI754J. The 
system of drafting there given 
will answer for tms with the 
necessary alterations of chest 
and len^ measure. In many 
cases tne drafting will do 
perfectly for the smaller size, 
if cut without allowing inlays. Thie malcmg of 
such an overcoat will be exactly the same as for 
the larger size. If required double-breasted, and 
to fasten with buttons and buttonholes instead 
of a fly-front, an extra two inches must be allowed 
for the lap-over, whilst the fronts would be made as 
described for the Norfolk coat. 

Continued 
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AN ARMY COMMISSION 

Entrance Examination and Conditiona. Cadetship. Promotion. 
Emoluments and Expenses. The Indian and Egyptian Services 
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Girth whmi 

Raiiica of 
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ExpaiiMliin. 
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2 

35 

2 

b5| 

2 

36 
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2 
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2 

36 

2 
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Yj/E have seen how a man may rise from 
^ private to warrant rank. We now come 
to the career of a soldier who joins the Service 
as an officer. 

To be eligible, the young man must attain to 
certain physical requirements. His chest mea- 
surement and height must accord with the figures 
given in the following table ; his eyesight must 
be good, and his hearing perfect. His teeth are 
carefully examined. More than ten lost or de- 
cayed will disqualify him, though a decayed 
tooth well stopped is counted as sound. 


Age luti Height without 
birthday Mhues. 


62 and under 65 
65 ,, 68 

68 „ 72 

72 and upwardH 

62| and under 65 
6 ) „ 68 

68 „ 70 

70 „ 72 

72 and upwards 


He will choose first of all which of the two 
great divisions of the Army he desires to enter. 
If he has a strong taste for engineering, for 
mathematics, and for the applied sciences, he 
will do well to choose the Royal Engineers or 
the Royal Artillery, through the Royal Military 
Academy. Or, if he prefer, he will enter the 
Cavalry, the Infantry, or the Army Service 
Corps, through the Royal Military College, 
Sandhurst. 

The Royal Military Academy. We 

shall consider first the Royal Milltaiy Academy, 
or, as it is called, “ the Shop.” 

Admission is gained by open competitive 
examination (fee, £2 in London, £3 in Dublin), 
held in June and November each year. The 
candidate must be between 18 and 19| years 
of age. He must produce either a leaving certifi- 
cate from one of the accepted sources, such as 
the Oxford and Cambridge Schools Examination 
Board, the Universities of London or Birmingham, 
the Oxford or Cambridge Local Examination 
Board (in Scotland the Scottish Education 
Department, and in Wales the Central Welsh 
Bom for Intermediate Education), or he must 
produce a “qualifying” certificate, for which 
he is examine by an Army qualifying board 
in English, English histoiy and geography, 
elementary mathematics, and two out of the 
following three subjects: Science; French or 
German; Lalm or Greek. Or he can produce 
an “exempting “ certificate showing that he has 
passed certain other Civil Service examinataons 
of an equal or greater severity. 


By C. DUNCAN CROSS 
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The subjects of the entrance examination are as 
follow : 

COMPULSORY SUBJECTS 
English. Essay, precis writing, and reproduction 
of passages read. 

French or German. Translation into and from, 
conversation, and an essay. 

Mathematics I. Arithmetic, geometry, Euclid I. to 
VI., algebra, a knowledge of simple trigonometry, 
simple statics and dynamics. 

And two of the following : 

OPTIONAL SUBJECTS 

Mathematics II. Including mathematics I. (above), 
with solid geometry, Euclid (Book XL), advanced 
algebra, differential and integral oaloulus, co- 
ordinate geometry, elementary statics of liquids 
and gases. 

History. A general paper, a period or a general 
paper on ancient history, a military biography. 
German or French. Other than the language 
selected in compulsory subjects. 

Latin or Qrbek. Translation into and from, 
J^atin verse or Roman literature. 

SoiKNCE. An examination to test a general know- 
ledge of physics and chemistry. 

Physical Standard, Should the applicant 
prove Bucce»8ful in the examination, it will be 
necessary for him to pass a severe medical test 
before he can be accepted. To minimise the 
possibility of failure now, with its consequent 
waste of time and money, he may apply to 
the Secretary, War Office, for a preUminarv 
medical examination (fee, £2 28.), in which 
case arrangements will be made with a medical 
board at me military station nearest to the 
applicant's residence. This preliminary ex- 
amination is in no way final, and binos the 
War Office neither to take nor reject the 
candidate, the final examination bein^ the 
report on which his physical condition u con- 
sidered. Should the final medical examination 
be imsatisfactory, an appeal may be mo^ 
for a further inquiry into the applicant's health, 
in which case a fee of £4 48. must be deposited 
in advance. This will be returned should the 
appeal be found to be justified. 

Cadetship. The medical board safely passed, 
the candidate is then entered as a cadet. The 
fees range from £40 to £80 for the sons of officers, 
retired officers, and a few privileged persons, 
according to the rank of the father; for the 
son of a private gentleman the fee is £150. 
A few King's cadets (sons of officers who have 
died on service) are educated free of charge. 
Beyond this, for other than King's cadets, at ^e 
beginning of the course a sum of £35 must be 
paid for uniform, books, etc., and again at the 
beginning of the third term a further sum of £15. 

An allowance of 3s. a day is made to each 
cadet in aid of expenses of uniform, messing, 
washing, etc., but a further allowance from t^ 
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parent is necessary. With economy on the part 
of the cadet, £50 a year will suffice for pocket- 
money, travelling and other expenses. 

The course of instruction extends over two 
years, divided into four terms, and includes 
the following subjects : 

Mathematics and mechanics, artillery, military 
engineering, practical geometry, military topo- 
graphy and freehand Rawing, military history 
and tactics, electricity and magnetism, chemistry 
and physics, French and German, military law 
and interior economy, infantry drill, riding, 
gymnastics, signalling, workshops. 

Every half-year the cadet is examined by the 
staff of the Academy, and by outside examiners 
at the end of each year. A certain percentage 
of marks must be gained or the cadet loses the 
term and forfeits all claim to choice of corps, 
and, if the same thing should happen again 
he is removed from the Academy. 

A Commiaaion. At the end of two years, 
supposing him to have reached the Fourth Class 
and passed his final examination successfully, 
the cadet is gazetted to a second lieutenant’s 
commission in the Artillery or the Engineers. 

The Royal Military College (Sandhurst) is an 
institution similar in character to “ the Shop.” 
Its function is the training of officers for the 
cavalry, the infantry, and the Army Service 
Corps. The qualifications and certificates are the 
same as those necessary for the Academy and the 
course consists of four terms normally, though, 
pending the enlargement of the college, a tem- 
porary two-term course has been adopted. The 
course is less strenuous than that of the Military 
Academy, gunnery, chemistry and physics, and 
workshop practice being omitted, and the cadets 
go into camp for three weeks in the summer. 

PasAing Out. When the final examination 
is passed and the candidate passes out of the 
Academy, the choice of corps, so far as vacancies 
permit, is given to those who have passed out 
highest in the order of merit at the final exam- 
ination ; but those candidates who are recom- 
mended for the Royal Artillery are given the 
opportunity of choosing whether they prefer 
the Field Artillery or the Garrison Artillery. 
Provided he has distinguished himself in riding. 


horsemanship, and Field Artillery drills, the 
cadet who desires it will be posted to the Field 
Artillery, from whose ranks are selected the best 
riders and the smartest officers for the Horse 
Artillery. 

In passing from the Military College, selection 
is made among the successful candidates as 
follows. The cavalry cadets are appointed to 
British cavalry, and after their claims have been 
satisfied, the remaining commissions are thrown 
open to other cadets who desire them, and are 
allotted in order of merit. As to the infantry, 
cadets having special or territorial connection 
with certain regiments should apply before the 
examination to the Military Secretary through 
the commandant of the College. Occasionally, 
if the claim is a very strong one and no vacancy 
exists, the cadet is allowed to wait, but in no case 
may he wait more than six months. Candidates 
without special claims may apply for special 
regiments, but they are not allowed to wait 
should there be no vacancy. In duo course the 
successful candidate’s name appears in the 
“ Gazette,” he receives from the Military Secre- 
tary a confirmation by letter, and from the 
Adjutant-General orders to join his battalion. 

The case of a cadet joining the Indian Army 
is treated separately. 

University Men. A certain number of 
commissions are given to students at the 
great universities who are between the ages of 
twenty and twenty -five and who have graduated 
in any of the approved subjects (except 
theology, medicine, music, or commerce). A 
student passing with first-class honours is 
entitled to count one year’s seniority for it. 
A candidate for the Royal Artillery must show 
that he has qualified in the same mathematical 
subjects as are required in the entrance examina- 
tion for the Royal Military Academy. The 
further qualifications required of all university 
students are that they shall have been attached 
for training to a Regular unit during the previous 
two years, and that they can obtain qualifying 
marks (*5 in the aggregate) in military history 
and strategy, tactics, military engineering and 
topography, military law, and military a&iini- 
stration. 


DAILY RATE OF REGIMENTAL PAY— OFFICERS 



C4VALKY. 

ARTn.LlCRY. 

Royal 

Bngineere.* 

InrARTiir. 

R A.lf.C. 

HouBuhoId 

CuvRlrjr. 

Cavalry of 
the Line. 

Royal Home 
Artillery. 

Royal Field 
or OarriooD 
Artillery. 

GiinrdH.f 

Line and 
A.8.C 1 


£ B. 

d. 

£ B. 

d. 

£ 

B. 

d. 

£ B. 

d. 

£ B. 

d. 

£ 

8. 

d. 

£ 8. 

d. 

£ 

8. 

d. 

Colonel or Lieut. -Colonel . . . . 

1 3 

6 

1 1 

6 

1 

4 

9 

0 18 

0 

0 18 

0 

0 

18 

0 

0 18 

0 

2 

0 

0 

Major 

0 15 

6 

0 15 

0 

0 

18 

6 

0 16 

0 

0 16 

0 

0 

18 

7 

0 18 

7 

1 

8 

6 

„ After 2 years* service . . 

0 18 

0 

0 17 

0 




... 


— 


0 

16 

0 

0 16 

0 


_ 


Captain 

0 18 

6 

0 18 

0 

0 

15 

0 

0 11 

7 

0 11 

7 

0 

11 

7 

0 11 

7 

0 

15 

6 

„ With Brevet rank . . . . 

0 15 

6 

0 15 

0 

0 

17 

0 

0 13 

7 

0 18 

7 

0 

18 

7 

0 13 

7 




Lieutenant 

0 9 

0 

0 7 

8 

0 

8 

10 

0 6 

10 

0 6 10 

0 

6 

6 

0 6 

6 

0 14 

0 

Second Lieutenant 

0 6 

8 

0 6 

8 

0 

7 

8 

0 5 

7 

0 5 

7 

0 

5 

8 

0 5 

8 


— 


Adjutant, if Captain, additional . . 

0 3 

6 

0 5 

0 

0 

2 

6 

0 2 

6 

— 


0 

2 

6 

0 2 

6 




„ if Lieutenant „ 

0 2 

6 

0 5 

0 

0 

2 

0 

0 2 

6 



0 

3 

6 

0 8 

6 




t Quartermaster 

0 10 

6 

0 10 

6 

0 

10 

6 

0 9 

6 

0 9 

6 

0 

9 

0 

0 9 

0 

0 

9 

0 

Ridingmaster 

0 10 

6 

0 10 

6 

0 

10 

6 

0 10 

0 

0 10 

6 


— 


— 



— 



* In addition, ** Engineers* Pay,** Lt.-Gol., 14 b. ; Major, 98. ; Capt., Os. ; Lieut, and Second Lieut., 4 b. a day. 

t In addition, ** Guards* Pay,'^ Col., £250 ; Lt.-Ck)l., £200 ; Major, £170 ; Capt., £140 ; Lieut, and Second 
Lieut., £70 a year. 

t Rising Is. 6d. a day for every five years served. 

if In addition, A.8.O. ** Corps Pay,'* Lt.-Col., 6 b. ; Major, 5s. 4d. ; Cgpt., 4 b. ; Lieut., 8s. 6d. ; Second 
Lieut., 28. 6d. a day. 
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Officers of the Militia and the Imperial 
Yeoman^ are also admitted on similar condi- 
tions, provided they have served for two annual 
trainings, have b^n attached to a Regular 
unit for instruction in drill, discipline, interior 
economy, musketry, signalling, and practical 
tactics, and are recommended by their com- 
manding officers. Further, they must produce 
the “leaving” or qualifying certificate before 
mentioned. 

Equipment. The cost to a newly appointed 
lieutenant, including private clothes, etc., in a Line 
regiment of infantry will be not far short of 
£100, and in the cavalry close upon £250. The 
equipment, such as revolver, field-glasses, 
ss^dlery, etc., can be bought either at Govern- 
ment price from the Ordnance Department, or 
privately. In the Foot Guards and Household 
Cavalry the outlay is naturally greater. It 
may be said that a second lieutenant in the 
Infantry of the Line should have at least £100 
and in the cavalry £200 a year of his own. 
Even this will mean cutting down personal 
expenses to a minimum. 

Promotion. As second lieutenant he must, 
before promotion to lieutenant, pass a simple pro- 
fessional examination in regimental duties, which 
is based on the “King’s Regulations,” the Army 
books and forms in use, the Pay Warrant, 
“ Equipment Regulations,” and, in the case of 
foreign service, on the Sj^ial Army Regulations 
laid down for the particular country in which 
he is serving. The examination divides itself 
into four heads : 

1. Discipline. General instructions ; administra- 
tion ; courts of inquiry ; deserters ; and disposal 
of prisoners. 

2. Duties. Roster of duties ; piarrison and Aeld 
duties ; compliments ; guards and sentries ; 
military funerals ; duties in aid of civil authorities. 

3. Interior Economy. Officers and N.C.O.’s ; 
system of keeping accounts, books, and returns for 
squadron, batteiy, or company ; system of pay- 
ment, messing, and supply of necessaries for same ; 
pay of N.C.O.’s and transfer and discharge of 
soldiers. 

4. Mibcellaneous Information. The method of 
supplying troops in quarters and in the field ; a 
junior officer’s duties in connection with the move- 
ment of troops by land and sea ; detail of carrying 
arms and equmment (for the cavalry, the detail of 
saddlery, the ntting of saddle and bridle, etc.). 

Practical Test. In addition, there is a 
practical examination in the field to be passed. 
The candidate is required, in addition to 
giving the words of command, to explain 
clearfy and simply the movement he orders 
to be performed. In the cavalry, the exami- 
nation is based on “Cavalrv learning” and 
the “Musketry Regulations,^’ and comprises 
a knowledge of 

Drills. Military equitation; the instruction of a 
soldier mounted and on foot ; and the capacity to 
command a squadron on parade or in the field. 
Mitsketry. Instruction oi the recruit ; preliminary 
drill and practice ; field firing and dismounti^d 
practice with horses ; musketry returns. 
Miscellaneous subjects from “Cavalry Training.” 

Artillery. In the Artillery the examination 
is rather more complicated. The range of books 
required is also wider. It includes “CavaW 
Training,” “ Field Artillery Training,” ** Ri^ 
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Exercises and Infantry Training,” Infantry 
Training,” and the “ Handbook of the Gun,*^' 
“Instruction for Practice, Horse, Field, and 
Mountain Artillery.” 

Here is the syllabus of the examination : 
Drills and Exercises. Instruction of dismounted 
men ; equitation, stable duties, ond driving ; drills, 
manoeuvres, and ceremonial observances ; rifle and 

E istol exorcise ; guards ; section gun drill ; gun- 
tying — sights, tangent, and telescopic ; indirect 
laying and the use of the clinometer ; care and 
adjustment of sights ; the laying of a gun under 
competition conditions. 

Equipment. Taking to nieces fittings of guns and 
carriages, and the expmnation of their uses ; a 
knowledge of the parts of gun-carriages likely to 
suffer from wear, ill-usage, or service conditions ; 
explanation of the construction and action of 
various projectiles ; the action of fuses ; preparation 
charges and the sotting of the fuse. 

Practice, A general knowledge of Chapter IV. of 
“ Field Artillery Training.” 

The examination for coast defence companies 
is similar, but deals more with the work 
of a coast defence section of artillery — the 
construction of heavy guns, their fitting and 
adjustment, and so forth. The books on which 
the examination is based are “ Infantry Train- 
ing,” parts I. and II. ; “ Handbook of the Gun ” ; 
“ Garrison Artillery Training,” Vols. I., II., and 
III.; and “Instruction for Practice Seawards.” 

For siege companies and heavy batteries ih(« 
examination is much the same as for coast 
defence companies, but in relation to siege guns 
particularly. The books required are “ Infantry 
Training,” “ Siege Artillery Drill,” and “ Heavy 
Artillery Training.” 

Engineers and Infantry. For engineers 
and infantry the examination is quite simple, 
and is based on “ Infantry Training,” “ Com- 
bined Training,” and the “Musketry Regu- 
lations.” The following are the subjects ; 

Drill. Bquad and company drill ; to command a 
company in battalion drill. 

Exercises. Kiflo and firing exorcisCR ; advanced 
guards and rear guards ; outposts and skirmishing ; 
the company in attack and aofenco ; ceremonial. 
Musketry. Instruction of the recruit ; preliminary 
drill and practice ; the making up of drill and 
praotico returns. 

The Army Service Corps examination is 
practically the same as that for infantry and 
engineers, except that under the heading of 
“ Drills ” comes knowledge of corps duties firom 
“A.S.C. Training,” and instead of “Exercises” 
is carbine exercise and manual and firing 
exercises. 

Promotion to Captain. The next stage 
in the lieutenant’s career is promotion to cap- 
tain. This comes by seniority, with a certain 
amount of selection in the case of a particularly 
desirable officer. It is possible to prepare for this, 
but more usually a tutor is employecl for a month 
at a cost of twelve to fourteen guineas. In any 
case, he must pass a searching test in (i.) Practi- 
cal military topography ; (ii.) practical military 
en^eering ; (lii.) practical tactics ; (iv.) riding ; 
and, if he bslonp; to a mounted branch, (v.) horse- 
mastership, which includes horsebreaking, veter- 
inary knowledge, and, indeed, a comprehensive 
knowledge of the whole subject. BeyoM this lies 
a theoretical acquaintance with military law, 
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engmeering, tactics and topography, adminis- 
tration, organisation and equipment, and 
military history. A candidate for a captaincy 
in the artilleiy must in addition pass in 
artillery, and in die A.8.C. will be tested in 
the varied duties which fall to the officers of 
that branch. 

Higher Staff Appointmenta. As cap- 
tain he will, if he be an ambitious man, try to 
enter the Staff College, which, after a two- 
years* course, will make him eligible for higher 
staff appointments. There is also the recently 
created general staff which will attract the most 
brilliant soldier to its ranks. To prepare for the 
entrance examination a tutor (cost about £40) is 
necessary. On the other hand, he may prefer to 
remain with his raiment, in which case seniority 
will carry him to senior major. Before promotion 
to lieutenant-colonel he will have to show in 
the field his ability to handle mixed forces of 
all arms of the Service which will be placed 
under his command, to take part in staff rides and 
war games, and generally to prove by practical 
demonstration that he can not only command 
men, but that he has also those higher quali- 
ties which make the successful tactician and 
strategist. 

Among the side avenues of the Army the 
Royal Army Medical Corp«i, the Veterinary 
Service Corps, the religious, and the scholastic 
branches offer many advantages to men of 
special training. As these are of purely technical 
interest, and appeal only to men with special 
civilian training they may be dismissed with the 
statement that to enter them a proof of pro- 
fessional capability is required in the form of a 
diploma, and that promotion comes by seniority 
and length of service. 

The Indian Army. On passing out of 
the Military College the cadet is gazetted as 
second lieutenant on the unattach^ list, and 
is appointed to a British regiment serving in 
India. From the date of his first commission 
to the date of his arrival in India he receives 
the British pay of his rank. At the expira- 
tion of one year’s actual duty with toe 
British regiment, should he prove satisfactory, 
he is admitted to the Indian Army with toe 
rank of second lieutenant, and appointed 
to a native regiment. Here his position is 
infinitely more responsible than that of second 
lieutenant in the British Service. He has native 
officers of many years’ service under him, and his 
pay~-oonsideriiig toe cheapness of native ser- 
vants, and the lower standard of expense 
generally obtaining in toe Indian Service — ^is 
more adequate. Within two years and three 
montos from his first commission he must pass 
an examination in Urdu by toe lower standard, 
and he will then bo promoted to lieutenant. 
Within three years of his admission to toe Indian 
Army h& must jpass the higher standard of Urdu, 
for until that is done he is not eligible for any 
higher appointment toon squadron or double 


company officer. When toe direct supply of 
officers from Sandhurst fails, officers are drawn 
direct from volunteers from British regiments. 

In addition to toe Urdu examination, officers 
are required to pass another examination in toe 
language chiefly spoken by toe men of their 
regiments. There is also a simple professional 
examination. 

Promotion. Promotion in toe Indian Army 
(subject to toe passing the examination) is regu- 
lated by length of service. As we have seen, after 
27 months a second lieutenant is promoted to lieu- 
tenant ; after nine years he becomes a captain ; 
after 18 years, a major ; and after 26 years a 
lieutenant-colonel. It may, however, be acceler- 
ated with luck by a brilliant man. A major 
may be promoted to lieutenant-colonel when 
ho is appointed to command a regiment or 
battalion, or an appointment which would carry 
toe substantive rank of colonel if toe officer 
were qualified for that rank ; and in one or two 
other cases. 

A lieutenant-colonel reaches toe rank of colonel 
in similar fashion on completion of three years’ 
service in command of a battalion or regiment, on 
completion of six years’ service os brevet lieu- 
tenant-colonel in a military appointment, or 
by holding certain analogous positions. 

Promotion to toe rank of major-general is 
made by selection. In the same mshion is 
promotion to one of toe five lieutenant-general- 
ships. Last of all, above this come toe three 
generalships by seniority after three years 
or more as lieutenant-general. 

The Egyptian Army. Officers of toe 
British Army desirous of joining toe Egyptian 
Army must apply through their colonel 
to the Adjutant-General of the Egyptian 
Army, Khartoum. Officers must be over 25 
years of age, unmarried, must be good horsemen, 
and must obtain a medical certificate that their 
health is equal to service in a tropical climate. 
They must have had five years as commissioned 
officers, and must have passed for the rank 
higher than that which thev hold. 

On acceptance they join the Army as bimbashis 
(majors), or a higher rank if their position in the 
British Service warrants it. After three months’ 
probation with a native regiment their pay is at 
toe rate of £640 a year. They then sign an 
agreement for two years, during which time they 
learn Arabic and toe vernacular spoken by their 
command. The agreement on expiration may 
be extended by twQ years, later by three 
vears, and again by three years up to 10 years, 
by which time the rank of kaime^am (ccnonel) 
will have been reached with salaries of £720 a 
year. 

For men who can stand toe strain of toe climate, 
and who are willing to out themselves off from 
home and friends, toe Indian and Egyptian 
Armies offer exceptional chances both m toe 
good rate of pay and the opportunities of civil 
and staff appointments to which they lead. 


Army eondvdid ; followed hy 
Navy 
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By JOSEPH 

Design Drawings. We give in IhiH 
lesson a series of drawings illustrating the art of 
machine design. Fig. 188 is a design drawing 
of a l,200>horse power mill engine. It is a typical 
example of the class of drawing usually made 
to accompany a tender, for no attempt is made 
to show details or sectional views, the object 
aimed at being to produce an attractive- looking 
drawing made to scale, and from which the over- 
all dimensions may be taken. In actual practice 
such a drawing is set out by an experienced 
draughtsman ; but the student has much to gain 
by copying it and studying the proportions and 
positions of the various parts, for it is from such 
design drawings tliat the working, or detail, 
drawings are deduced. Foremost will be noticed 
the rope wheel, with its 30 grooves for the driving 


W. HORNER 

The lever D is for working the air-ptimp E. 
It receives motion from one of the piston-rod 
crossheads, and is pivoted on a bracket bolted to 
one of the back columns. The air-pump itself 
is bolted to the bedplate, and also to the column. 
The air-pump is connected with the low-pressure 
cylinder C by the pipe F, and its function is to 
maintain a vacuum for that cylinder to exhaust 
into. A note on air-pump levers will be found on 
page 828 in Meciianioal Enoineertnq. 

The outline of the cylinders themselves docs not 
appear, as they are surrounded with lagging 
strips. Lagging consists of wrapping the cylin- 
der vith asbestos mattresses, or similar non- 
conducting material, in order to prevent loss 
of heat, the mattresses being kept in place by 
strips of wood and brass bands, or alternatively 



ropes [see page 3428 for section of groove], and 
the opening cut in the ground for the reception of 
the wheel. It is necessary to provide a bearing 
for the shaft on the outside of tlhe wheel in order 
to avoid the tremendous load which would 
otherwise come on the shaft, due to the over- 
hang of the wheel. There are three cylinders, 
A, B, and C, supported upon front and back 
columns from the bedplate ; the front columns are 
circular, but the back ones are shaped to carry 
the crosahead guides, and are cast in hollow 
rectangular section. The upper ends of the 
columns have flanges cast on to meet the feet 
of the cylinders. The lower ends are splayed 
out in order to clear the connecting-rod heads, 
and have flanges to meet facings on the bedplate. 


by thin sheets of steel. The valve-chests are 
similarly lagged. Relief valves, G, H, I, are 
shown on the cylinder covers, and also upon the 
high pressure and intermediate valve-chest covera 
J and K. The relative positions of the cranks 
are seen in the end elevation, and arc projected 
in the side elevation. A bearing is arranged 
upon each side of each crank, and a solid forged 
coupling, L, connects the crank-shaft fo the 
pulley-shaft. The working floor level is raised 
above the foundation lino, so os to give casv 
access to the bearings and cranks. Two plat- 
forms are built around the engine at suitable 
levels to facilitate attention to the working parts, 
the upper platform serving for the cylinder and 
valve covers, etc., while the lower platform is for 
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the glands and bottom covers. Ladders and 
handrails are provided as shown in drawing. 

General Drawings* Another class of 
drawing is shown in 184, which is very similar to 
the preceding example, but presents much more 
detail. It is a general arrangemeiU drawing^ made 
after the details have been worked out on separate 
sheets, and it serves as a guide for the complete 
assembly and erection of the machine. The 
foundation blocks are fully dimensioned in the 
side elevation, and the holding- 
down bolts are shown in 
position. The small plan 
view gives the relative 
position of the blocks. 

The two sleepers, 

AA, connect the 
outer foundation 
blocks to the 
centre one 
located 
under 

I 


Detail Drawinga. The drawings from 
which machines are actually manufactured are 
termed detail drawings^ each part of the machine 
being fully delineated and dimensioned upon 
one or more sheets. Castings have a sheet to 
themselves, forgings have a sepmte sheet, plating 
another, and so forth, the object being to pro- 
vide each work’s department with drawings that 
concern the department alone. The principal 
detail drawing is the one which depicts the 
main framework of the machine. Framings are 
made of various metals and in various forms. 
Machine tools and engines are invariably built 
with cast-iron frames, although exceptions are to 
be foimd, the chief virtue in such frames being 
rigidity, a factor that cannot be calculated in 
an 3 rthing like an exact manner. There is 
perhaps no other part that requires so much 
sound judgment and experience in order to pro- 
duce satisfactory results. The earlier designers 
of engine frames, etc., aspired to architectural 
outlines and ornamentations ; but increasing 
steam pressures, greater outputs, and closer 
economy, have resulted in the adoption of 



184. GENJORAL ABRAEGBMBNT OF 15-TON DBBBICK OBANB 


crane-mast ; such a foundation is substantial 
and permanent, but very frequently, however, 
this type of crane has only temporaiy founda- 
tions, such as timber seatings and weights 
simply laid across the ends of &e sleepers. The 
mast is furnished with top and bottom pivot 
pins, and the back stays support the top pivot, 
tnie crane gearing is seen in position at the 
lower end of the mast; there is a train of 
spur gear from the handle shaft B, connecting 
to the barrel C, which coils the hoisting-chain. 
A clutch, D, and gears, E, couple the hoisting 
barrel C to the barrel F, upon which is coiled 
another ohain, which varies the radius of the 
jib by altering the length of the ties G, this 
movement being termea derricking, or luffing, 
the jib. The revolving, or slewing gear is arrang^ 
bdiind the mast and consists oi spur and bevel 
gear, oonneoting to the curb rmg H, which is 
bolt^ to the bwplate underneath the masti 
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scientific lines of construction. Smooth outlines, 
easy curves, and even disposition of metal are now 
aimed at. The same may be said of machine 
tools generally. Other frames, such as cranes 
and overhead travellers, are built of mild steel ; 
and, although experience is necessary in order 
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to design them, their proportions can be definitely from foundations, as well as being held by the 
calculated by estimating stresses, etc. ends of the guides. The main bearings are 

Vertical Engine Frame. Two views formed in the frame in a similar manner as they 

taken from a detail drawing of a vertical are formed in the bedplate of the previous 

engine frame are given in 185 ; the construction example. It is usual to detail the bearings 

is similar to 188, but is for a smaller engine. The separately. The piston-rod glands are arrang^ 

front supporting columns are of mild steel, and in the ends of the guides, but they are also 

are cottared into a boss cast on the bedplate. frequently made part of the cylinder casting. 

The back column is shown in section, as well as Bosses are formed for the foundation bolts, and 

in face elevation, the bearings for the air-pump extend the full depth of the framework, wherever 

lever and the bracket for the air-pump itself they occur ; the centre bosses are provided with 

being shown in position. A table is given on ribs connecting them to the side walls. Bolt 

page 4202 of the approximate leading dimon- bosses are also made on the end of the frames 

sions of this class of engine frame, which will be for coupling up to the cylinders. The guides have 

useful to the student. There are many variations facings top and bottom, bored out for the cross- 

in the outlines and sections of such frames ; they head to bear against. We give a table of approxi- 

are also made for single, doub'e, triple, and mate over-all dimensions for this class of frame 
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185. FRAMB FOR A VERTICAL ENGINE 


quadruple Qjrlinders. When larse engines are to 
be built, it is usual to replace uie front columns 
by rectangular castings similar to the back ones, 
double slides being thus provided for the cross- 
head, but the chief reason for the modification 
is to provide better and more substantial supports 
for the heavy cylinders above. The engine shown 
[185] has provision for the governor G, and an 
extended bedplate with outer bearing for a belt 
drive ; the cylinder is 16 in. in diameter by 24 in. 
stroke. 

Horisotttal Engine Frame. Fig. 188 
illustrates a detail drawing of a pair of frames 
for a horizontal compound engine. Each frame 
consista of a single member, rectangular in section 
and of oast iron ; the guides are formed in the 
same casting, and are cyundrical, having openings 
on each si^. The left hand frame is for the 
hi|^ fvessure oyl^der, and the r^t hand for 
the low pressure, each cylinder being supported 


on page 4202, but it will be understood that many 
variations occur with different manufacturers. 

Steam Hammer Frame. A detail 
drawing of a frame for a steam hammer is given 
in 186. The views presented comprise a side 
elevation, a back elevation, a plan of the top, 
two sections, and separate details of bosses. 
The head of the frame is arranged to receive a 
square bolt, which is cottared in place ; the upper 
end of the bolt passes through the foot of the 
hammer cylinder, as well as the two outer bolts, 
and holds it down with a nut in the usual way ; 
there are two such frames, one on each side of uie 
hammer block. The section of the frame is 
different to the preceding en^e frames, it being 
what is termed H section instead of a hollow 
rectangle ; the inner flange throughout is heavier 
than the outer one, it being subf^ted to severe 
compressive shoclb ; three cross ribs are 
arranged to tie the flanges together, and to stiffen 
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Machine Tool 

Frames. Outlines of 
machine tool frames 
will be found on pages 
206 and 207 in Mbcha- 
mcAL Enoinbjbbing, 
and furtlier examples 
are given under 
Machine Tools. We 
amplify these by 137, 
which is a drawing of 
a bar shearing macMno, 
driven by an engine 
carried upon the frame- 
work. The frame is in 
halves, bolted at top 
and bottom, and is in 
hollow form, with an 
opening at the centre 
for the gearing ; bosses 
are cast on the upper 
part to carry the engine 
shaft, which is shown 
in position with the 
two fly-wheels. There 
are two spur-gear re- 
ductions from the 
engine shaft to ^o 
e 'centric shaft, which 
operates the moving 
cutter. The metal is 
massed around the jaw 
which receives the cut- 
ters, the top and bottom 
of the jaw having enor- 
mous strength to with- 
stand the reaction of 


186. FBAME FOB A 26-owT. STEAM HAMMEB shearing without yield- 

ing. A bracket and 

the web plate The taper allowed on the flanges facing are provided for the steam cylinder, which 

is consioerable, and large radii are put in &e is 8 in. diameter by 12-in. stroke. The machine 

comers. This is done in order to ensure a sound will shear up to 2-in. square bars on either side, 

casting, free from initial stress duo to contraction. Mild Steel Frames. Mild steel frames 

and also to enable the pattern to be drawn easily are not used for machine tools proper on 

from the mould, and so produce a smooth outline. account of their elasticity and consequent 


The front of the frame at 
the bottom of the hammer 
guides is specially heav^, 
to prevent fracture at this 
pomt. The bosses are for 
the pivot pins of the work- 
ing levers. The base of the 
fr^e is provided with 
facing strips and bosses 
for the foundation bolts, 
and the holes are slotted 
so as to permit adjustment 
endwise. The slope of the 
upper part of the frame is 
ol^ned by prolonmng the 
line, as shown [ISQ, until 
it forms a tangent with 
the inside radius of the 
lower part. The drawing is 
reproduced from an ac^^ 
working drawing sumdied 
by Messrs. ThwaitesBros., 




I Bradford, Yorkshire. 
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188. FBAME FOR A HORIZONTAL ENGINE 


lack of rigidity ; they do, however, enter into and stopping. The auxiliary girders E and P 
the construction of many appliances used by are stayra to the main girders A and B by 
engineers, and in such appliances have a far bracing bars on the lower boom in such a way 
greater value than cast-iron frames. Loco- as to afford them lateral support ; the upper 

motive frames, carriage frames, large crane booms have chequer plates connecting them 

frames, furnace charging machmes, etc., are instead of bracing bars, and these incidentally 

eimmples in which cast iron would be a failure. form a platform for the attendant, and are 

Fig. 189 illustrates the steel frame of an over- protected by handrailing as shown at G. The 

head traveller as used in most engineers' shops. distance from centre to centre of the main rails 

It consists of a pair of girders, A and B, secured H is termed the span, and the distance apart 

to two cradles, C and D, which are mounted centre to centre of the wheels I is the wheel 

upon double-flanged wheels. These wheels are base and is usually one-flfth of the span. The 

set to run upon rails which are built on the depth of the main girders at the centre of the 

side walls or columns of the shop. The girders span is generally one-fifteenth of the span. 

A and B are provided with rails which form The upper elevation shows the main girder 
the track for a trolley or crab, which is fitted with its joints. The web plate is made in four 

with hoisting mechanism and necessary tackle. lengths for convenience, while the boom plates and 

The machine is driven electrically, a separate an^es are made in two lengths ; the central 

motor being applied to each movement. The joint is shown in plan. The next elevation is of 

exam^ [189] is for a hi|^-sp^ electric the outer girder with the handrailing on top, 

traveller, and it is therefore specially braced the form of the bracing being Iraown as the 

to meet the stresses due to inertia in starting Idnvffle and being economical of material. 
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189. FRAME FOR A 35-TON ELECTRIC TRAVELLER 

The general plan view shows all the girders m tal line from L, meetmg at M, then K M scales 

position as well as the cradles and platform. The the load on the mast and L M scales the load on 

two bottom left-hand enlarged views are details the sleeper. Both mast and sleeper have altor- 

of the cradles, while the right-hand bottom natively tensile and compressive loads in a 

view is an enlarged section cut through the four similar manner to the backstay, and they are 

girders at the centre. proportioned for compression ; the mast has 

Calculations. The main sections of the to sustain in addition the load due to the hoistmg 

various members of such frames as 184 and 189 and demcking chams, which also impose corn- 

can be decided by calculations. In 184 the load pressive loads. 

on the jib and tie may be determined as described Traveller Frame. In 189 we have the 

on page 415 of Mechanical Engineering, simple case of loaded beams or girders fully dealt 

The tie-rods and chains are tension members, and with on page 540 in Mechanical Engineering 

can have sufficient area allowed to permit a and page 1984 in Materials and Structures. 

factor of safety of 8 to 1 ; the jib is a column The Iom on the main girders is made up from 

and should have a factor of safety of 6 to 1. the actual load lifted by the traveller plus 

The load on the backstay is found by taking the weight of the movable crab and half the 

moments about 1 ; the forward moment is weight of the girders th^hiselves. The cradles 

made up of the load multiplied by the full may be regar(kd as beams of a length equal 

radius plus the weight of the jib multiplied by to the wheel base, and loaded at the two 

half the radius ; adding these two moments points at which the main girders are built in ; 

together and dividing by distance J, we get the each cradle has to sustain h£uf the weight of the 

load on the backstay (Bl). The backstay may whole framework plus nearly Uie whole weight 

be either in compression or tension, according of the crab and load ; the exact amount of wis 

to the position of the jib in plan ; as it is weakest latter sum depends upon the nearness of the 

in compression it may be proportioned as a extreme position of the crab to the cradle. The 
column with a factor of safety of 6 to 1. The outer girders have to sustain tbeir own weight 

load on the sleeper and the mast is easily ob- and half the weight of the platform, etc. When 

tained by a simple diamm. Mark off the load long spans are involved^ the main girders as 

on the backstay as K B on a scide of tons, and weU as the outer girders are often deigned as 

draw a vertical line from K till it outs a horizon- Warren or Unville braced members. 

Ctmitnued 
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List of Abbreviations Used 


L angle 
A triangle 
n parallelogram 
0 circle 

Q<'« circumference 
therefore 


I] parallel 
J. perpendicular 
> is greater tlian 
< is Icf s than 
hyp. hypothesis 


Definitions. 1. A limited portion of space 
is called a solid, A solid has three dimensions — 
viz,, length, breadth and thickness. 

Tlie amount of space occupied by a solid is 
called its volvme. 

2. The surface of a body separates it from the 
surrounding space. A surface has no thickness. 
It is therefore of two dimensions, length and 
breadth. 

3. The intersections of surfaces are called 
lines. Since surfaces have no thickness, it is evi- 
dent that their intersections can have neither 
breadth nor thickness. Hence a line has only 
one dimension, length. 

4. The extremities of a line are points. Also, 
the intersections of lines are points. Points have 
neither length, breadth nor thickness. Thus, 
points have no dimensions. 

It follows, then, that we can only represent 
a point. If we make a dot with a pencil, the 
dot will have some length and breadth, however 
sharp the pencil may be. In the same way, wo 
cannot draw a geometrical line, but if we move 
the pencil point over the paper, the mark left will 
represent a line. 

5. Lines may bo straight or curved, 

A straight line is traced by a point which 
moves BO as to keep always the same direction. 

A curved line is traced by a point whose 
direction of motion continually changes. 

From the definition of a straight line we have 
the following Axioms, or self-evident truths : 

(i.) The shortest distance between two points 
is the straight line which joins th^, 

(ii.) Two straight lines cannot enclose a space, 

6. Surfaces may be plane or curved. 

A pUme surface, or, as it is generally called, a 
plane, vs a fat surface. The flatness is tested by 
ta^ng any two points in the surface and joining 
them by a straight line. If the surface is flat, 
the straight line will lie on the surface. Notice 
taiat we must be able to take any two points ; 
it must not be possible to find two points on the 
surface such that the straight line TOcween them 
does not lie on the surface. 

7. When two straight lines meet at a point 
they are said to form an angle. The point is called 
the vertex of the angle, and the straij^t lines are 
called the arms. 

The magnitude of an angle may be measured 




thus. Suppose a straight line rotates, in a piano, 
about the point 0. Lot 
it start from iho position 
OA and rotate into the 
position OB. Then, the 
amount of turning which 
the lino does in moving 
from the position OA to the position OB 
measures tlio angle. The angle is called the angle 
AOB, the letter at tho vertex being placed 
between tho letters at tho other ena of tho 
arms. Notice that the size of the anglo does not 
depend on tho lengths of tho arms ; tho size of 
tho angle AOB remains 
the samo when OA and 
OB are lengthened. 

Two angles which lie 
ono on each side of a 

common arm are called 

^ ^ adjacent angles. Thus, 

tho angles AOB and BOG, which lie on either 
side of tho arm OB, are adjacent angles. 

When two 
straight Inos 
cross one another, 
such as AB and 
CD in the figure, 
the angles AOD 
and BOC aro 
called vertically 
opposite angles. 

So, also, AOC and BOD are vertically opposite 
angles. 

8. If ono straight line stands on another 
^ straight line and makes 

the ^jacent angles equal, 
each of the an^es is called 
a right angle. Each line is 
said to bo a perpendicular 
to the other. Thus, if OC 
stands on AB and makca 
^ the angle AOC equal to tho 

angle BOC, each of these angles is a right angle. 

It is clear that, if a straight line revolves about 
the point 0, starting from the position OA and 
finishing in the position OB, it must pass through 
a position in which it is at right angles to AB. 
Hence, we have tho axiom 



Through a point in a straight line one, and only 
one, perpendicular can be drawn to the straight line. 

At this stage we do not know how to find the 
exact position of the perpendicular ; we can onl^ 
estimate it roughly. But in the meandme, if it 
is required in me course of any other investiga- 
tion, we are quite iustified in saying, Let 
OC be the straight li^ which is jperj^dicular 
to AB,’* since we know that there %s a line which 
k perpendicular. 
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Another axiom following from the definition is 

AU right angles are equal. 

Note. A right angle is divided into 90 equal 
parts called degrees ; a degree into 60 equal parts 
called minutes; a minute into 60 equal parts 
called seconds, 

9. An angle less than a right angle is called 
an acute an^e. 

An angle neater than a right angle but less 
than two right angles is called an obtuse angle. 

Two ang&s whose sum is one right angle are 
called compUmentary angles, and each is the 
comptement of the otW. Two angles whose sum 


isfiooi _ 
and each 



) are called supplementary angles, 
[ is the supplement of the other. 

10. A pUme figure is any portion of a plane 
surface bounded by one or more lines. 

11. A circle is a plane figure contained by a 
line traced out by a point 
which moves so that its dis- 
tance from a given fixed point 
IS always the same. 

For example, if P moves so 
» that its distance from 0 is 
always the same, then the line 
traced by P encloses a circle. 
The line itself is called the circumference of 
the circle. 

The fixed point is called the centre of the circle. 
A straight line drawn from the centre to the 
circumference is called a radius. Hence, all 
radii of the same circle are equal. 

A straight line drawn through the centre and 
terminate both 'ways by the circumference is 
called a diameter. 

An arc of a circle is any portion of the cir- 
cumference. 

A semicircle is the figure bounded by a 
diameter and the portion of the circumference 
which it cuts off. 

12. To bisect a thing is to divide it into two 
equal parts. It is clear that 

(i.) Every terminated line has a point of 
bisection. For, if a point be supposed 
to move from one end of the line to 
the other, it must at some instant be 
exactly half-way. 

(ii.) Every angle has a line of bisection. For, 
in the angle AOB, if a straight line 
start from the ^ition OA and revolve 
about 0 into the position OB, it must 

S ass throu^ a position in which it 
ivides AOB into two equal parts. 
Tha Poatulatea. It is taken for granted 
that the three problems stated in the following 
postulates, or demands, are possible with the 
help of a straight ruler and a pair of compasses. 

1. A etraigU line may he draum from any 
one point to any other foint, 

2. A terminated straight line may be produced, 
i.e., made longer, 

3. A eirck may be described with any centre 
and any radius. This enables us to transfer 
distances from one part of a diagram to another ; 
so that, from the groater of two straight lines 
we can, with the aid of oompaases, out off a 
part equal to the less. 


Continued 


Problema and Theorems. The pro- 
positions discussed in geometry are of two kind^i. 
Problems and Theorems, 

A problem requires something to be con- 
structs, such as the drawing of a line which 
will bisect a given angle. 

A theorem requires the proof of the truth of 
some geometrical statement. 

The general statement of what the proposition 
requires us to do is called the Enunciation, 

The particular enunciation is the same state- 
ment referred to a diagram. 

In the enunciation the Hypothesis is that 
which is assumed to be true ; the Conclusion 
is that which has to be proved. 

If we have two propositions in which the 
h 3 q>otheBis and conclusion of the one form the 
conclusion and hypothesis respectively of the 
other, the one proposition is called the Converse 
of the other. 

For example. “ If two sides of a triangle are 
equal, the angles opposite to them are equal’* 
The hypothesis here assumes that two sides of a 
triangle are equal ; the oonclusion is that the 
angles opposite to thorn are equal. Hence, the 
converse of the proposition is “If two angles 
of a triangle are equal, the sides opposite to 
them are equal.” 

A Corollary to a proposition is a statement 
whose truth follows readily from the result 
established in the proposition and generally 
requires no further proof. 

Proposition 1. Theorem 

If tvx) straight lines cut one another, the sum 
of iht angles on p 

the same side of ' 

either line is 
equal to two right 
angles. 

CD be two 
straight lines 
which intersect . 

»tO. B 

It is required to prove that 

L DOA 4- L COA == 2 right L%, 

Proof, If L DOA = L COA then each is a 
right angle (Def. 8) ; so that their sum is two 
right angles. But, if l DOA is not equal to 
L COA, let OP be the straight line through O 
which is J, to CD. Then 

L DOA-f- L COA = <he3 z.bDOA, AOP,POC 
and 

L DOP4- L COP 
= the same 3 z.6. 

/. L DOA+ L COA 
= z.DOP-h lCOP 
~ 2rieht ls. 

In tne same way 
it can be shown that 
any other pair of 
angles on the same side of either of the lines 
AB, CD, are equal to two right angles. 

Corollary, if any number of straijfht Unes 
meet at a point, the sum of ihe consecutive angfes 
ie equal to four right angiUi. 
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THE SALE OF MILK 
From Farmer to Retailer. The bulk 
of the milk supplied to our large population 
is produced by farmers who contract to supply 
wholeslUe uid retail buyers under conditions 
which are rearranged every half year. There 
are, however, in or near all towns eowkeepers 
who retail the milk they produce. The usual 
prices paid to the farmer are from 13d to 17d. 
))er barn gallon from March to October, and 
from Is. 6d. to Is. 9d. from October to March ; a 
barn gallon consists of 17 pints, or two imperial 
gallons and a pint, which, originally thrown in 
to make up for waste or loss in vending, is now 
idhered to by the trade, although this particular 
measure, the “ bam,** is not a legal one 
The farmer is required to deliver his milk 
twice daily, well cooled, aerated, and 
sweet, containing at least 3 per cent, of 
tat — the Government standard — or 
slightly more in some cases, where firms 
require high quality. The milk is sent 
by rail, carriage paid, in metal railway 
('hums, which usually hold 17 gals, 
imperial. In some isarts of England, 
^'Specially in the Nortii, however, smaller 
churns or cans arc employed for the 



be observed that when the milk is coldest it leaves 
the refrigerator at its coldest point, and thus with 
sufficiently cold water it may be reduced from a 
temperature oi 90* F. to 50° F. in loss than a 
minute. Thero is, hoi^ever, a lenticular cooler 
[81 & 22], in which the principle adopted is similar, 
although ice may be packed within the interior 
in those made for this particular purpose. In 
both cases the milk passes over the cooler in the 
form of a thin film, and is therefore well exposed 
to the air, and its temperature more easily re- 
duced. If cool milk bo retailed in vessels which 
arc covered with a white cloth, it should keep 
sweet during the hottest weather ; but on many 
farms it is impossible to obtain water of suffi- 
eiently Jow' temperature, with the result 
that whole churns of milk occasionally 
arrive at their destination in an imper- 
fect condition, being for this reason 
generally returned by the purohaser. 
Such milk, however, is not valueless ; it 
may still be churned for the production 
of butter, although the pecuniary result 
will not be so satisfactory. 

Precautions against Contami- 
nation. Milk vendors and dealers in 
general naturally object to the mixing 


imimose. The cost of the transit varies 20. horizontal two milkings— the morn- 

with the distance from Jd. to IJd. per cooler with the evening’s-— which many 

imperial gallon, while the prices realised (sIiowIhr the now farmers practise during cold weather in 
lire higher in the South than in the Mid- avoid two journeys to the rail- 

lands. The churns are gauged, and in “entcu by the Uaiiy way station; nevertheless, there are 
course of time the constant bruising .Supply co) many cases in which this practice is 

interferes slightly with the measurement. 'J’his * ' 

principle is wrong, for the most accurate method 
of buying or selling 


milk is by weight, 
although this is difficult 
m practice. 

Keeping Milk 
Cool. The cooling of 
milk is imperative, for 
unless reduced to a 
tem^ature of about 
50° F. in hot weather it 
will scarcely keep half a 
day, or sufficiently long 
to arrive sweet upon the 
breakfast or tea table. 

The system of cooling 
adopts also provides 
for the aeration of the milk, 
of cooler— one, which is horizontal [20], consist 
ing of a number of tubes which cold water enters 
at the bottom and passes out at the top, while 
the milk runs from a receptacle above over the 
outside of the tubes, and passes into the chum 
as it lenves the bottom of the cooler. It will thus 
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ponnitted. Still stronger 
objections are made 
against the milking of 
cows by persons who 
are suffering from any 
disease or who are mem- 
bers of a household in 
which any infectious or 
contagious disease exists. 
For this reason some 
farmers retain the ser- 
vices both of a veteri- 
naiy surgeon and medical 
officer, w'ho from time to 
time visit the farms,' 
uster's lenticular cooler inspect the cattle, and 

In 22 the cooler la packed with icc interview tho farm^ 

himself. Some of tho 
There are two forms larger firms of milk vendors refuse to allow 
members of their staff to enter their premises, 
or to retail milk under similar oonditions, their 
practice being to pay them their wagm until a 
clean bill of health can be shown, ^e reader 
is referred to the article on the Trade of the 
Dairyman, on page 2215, in which the question 
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of miik contracts and cognate subjects are more 
fully treated. 

It is obvious that where niiJk is delivered, as 
it is by almost eve]^ firm in the countiy, twice 
daily, the labour involved is considerable, and 
it is chiefiy for this reason that there is so large 
a difference between the price paid to the farmer 
and that obtained from the consumer, 4d. a 
quart being the average figure demanded in this 
country. 

Bad Milk. From the retail dealer's point 
of view it is important that milk should be 
produced by cows which are not fed upon im- 
proper foods, such as strong-smelling ensilage, 
half-rotted brewers* grain, turnips, and swedes, 
which, given in large quantities, convey an ill 
tlavour to the milk, and certain other foods 
known as distillers* shidge, or even large rations 
of cabbage. There is, however, a good deal of 
imperfect, and even impure milk retailed in largo 
cities at 3d. a quart ; but whatever may be 
the desire of the consumer for cheap food this 
milk should be strictly avoided, for it is impos- 
sible, whatever it may have been like as it left 
the farm, that it could have been 
handled properly by the retailer. 

During very hot and dry 
weather, milk frequently reaches 
famine price, and retailers are 
sometimes compelled to pay as 
much as Is. 4d. per imperial 
gallon in order to satisfy their cus- 
tomers. Milk sold to hospitals and 
other charitable institutions is 
naturally sold at lower prices than 
where it is retailed in large quanti- 
ties to the public. The wholesale 
vendor is required to take very 
little more trouble in the con- 23. milk or 
veyance of 60 or 100 gallons per cream can 
day than • in delivering a few 
quarts to a number of different houses, but this 
contract milk is frequently poor in quality, and 
sometimes impure, although of all jplaces the 
hospital and the children’s home are those where 
the quality demanded should be of the highest. 

Milk Delivery* be paateurised 

— and the remark equally applies to cream — 
and suddenly cooled, it will keep longer than 
when it is simply cooled. In all cases, however, 
it is the wisest and most business-like plan to 
deliver milk immediately after it has arrived 
from the station — servants and customers 
being advised wherever possible to take care 
that the vessels in which they receive it are 
perfectly clean and that it is always kept in the 
coolest dry apartment in the home. In Paris 
and many foreign cities milk is delivered daily 
in bottles which are sealed, and in this way its 
quality is secured ; this plan has been already 
adopted in this country, and will probably 
extend far and wide. Similarly, milk which has 
been sterilised, in hermetically-sealed bottles, is 
delivered, but only once per week or fortnight, 
sterilisation ensuring its keeping properties 
during any reasonable period, and in this 
way a great deal 'of labour is saved on the part 
of the retailer. Milk, however, should never 


be placed in bottles which have not been cleaned ; 
nothing but actual scalding either with steam 
or boiling water is efficacious. 

In many cases retailing firms send out their 
milk in looked metal chums, the man in charge 
drawing it from the tap as his customers require 
it ; but, making evoiy allowcjioe for the shaking 
which the milk undergoes, the quality at the 
bottom of the chum is always lower than that 
at the top, owing to the fact that the cream 
ascends ; the ascent of cream, however, is very 
slow and slight in milk which is cold. In spite 
of all precautiems, milk carriers occasionally 
manage to introduce water into the milk they 
deliver ; for this reason inspectors are some- 
times employed by large firms to look after 
them. Such firms take samples of the milk 
they send out by their servants and are, there- 
fore, able to check them in case a sample was 
watered before it reaches a customer. 

BUTTERMAKING. 

Butter made directly from milk, or from cream 
removed from milk, contains about 86 per cent, 
of fat, 124 per cent, of water, and 14 per cent, 
of casein, sugar and salt. The more heavily 
salted the butter, however, the larger the last 
percentage. The finest Wtter maj^ contain 
less than 12 per cent, of water, while in 
imperfect samples the water present may reach 
20 per cent, or even more. In commerce a 
material is frequently sold which is known as 
“ milk-blended butter ; ** this sometimes con- 
tains as much as 30 per cent, of water which has 
been worked into it through the medium of 
milk. Imported butter is usually employed. 

The Best Butter. The finest butter 
is the produce of Channel Islands’ cattle — 
Guernseys and Jerseys — or of herds of which 
these animals chiefly form part ; they add 
both richness of flavour and colour. Fine 
butter should bo tough, dry, a rich primrose 
in colour, with a fine, mild, sweet, nutty flavour 
and a delicate aroma. If a roll be taken in 
the hands and pntly bent it should break 
gradually and exhibit a grain resembling that 
of a piece of broken cast steel. If the ^ain 
exhibit numbers of drops of water the fact & in- 
dicated that it usually contains too much water — 
although butter may look dry and still contain 
a high percentage of moisture, for, as shown 
by Storcb, the Danish chemist, a cubic millimetre 
of butter which has been well worked may 
contain from 3,000,000^ to 4,000,000 globules 
of water. Heavily -watered butter is soft or 
brittle, while piokl^ butter, common to Ireland, 
perhaps the most inferior product in the British 
Tslands, is not only heavily salted but heavily 
watered — the result of the process adopted. 

Although butter is washed while in grain in 
the chum, washing should not be overdone, for 
while it removes the impurities such as curd and 
sugar, which, if allowed to remain, cause rapid 
deterioration in quality, flavour and aroma, it is 
possible to reduce both flavour and colour. 

Colour and Flavour. The colour of 
butter is chiefly due to the breed of cattle 
employed, but partly to the food supplied, to 



Bonli^t —lienee, the paleness of the butter pro- 
duoea in winter— and to excessive wasli^. 
The flavour of butter also depends in a large 
measure upon the breed of cows, upon the fo^ 
supplied to them, and to the oonmtion of the 
oream at the time that it is churned. The 
finest mild butter is the product of sweet 
oream, and this realises the highest prices 
in the French market, where we have Imown 
it to reach 2s. 8d. a pound. The fullest 
flavour is obtained when ripened or soured 
oream is employed, but flavour should not be 
masked by tiie employment of too much salt. 
In the production of a fine mild sample less than 
a quarter of an ounce to the pound should bo 
used. Storch believes Uiat the flavour of butter 
is largely derived from the solid materials in the 
serum of milk and not from the fat ; but there 
is reason to suppose that it is, in part at least, 
owing to the presence of the volatile fatty acids. 
Food, however, necessarily affects flavour ; 
hence the change which occurs when turnips, 
swedes, sour grains and strong smellii^ herbs 
are consumed. All diflSculties on this score, 
however, are obviated where cows feed upon 
fine pastures in summer or are supplied with the 
best sweet hay, bran, crushed oats, parsnips, 
and carrots in winter. The fine flavour of 
butter is not developed until 24 to 48 hours 
after its manufacture ; hence, the mistake 
often made of judging butter fresh from the 
chum. At the National Dairy Show, where 
piizes are sometimes awarded for the best 
samples on the last day of the Exhibition, while 
some prize samples are found to have lost 
both flavour and aroma, others become mor<‘ 
perfect. 

The Aroma. The aroma of butter is due 
fo similar causes to those which affect the 
flavour. When exposed to air and light the 
aroma, like the flavour of th<3 outside, changes 
rapidly, the more so where it is placed in conta^’t 
with any strong smelling material. The anuu.i 
of the interior of a sample is as indicative (»f 
quality and even of age as the flavour, but 
both are affected by heat, which induces decom- 
position and the development of rancidity. 
According to Duclaux, than whom no ono w'iis 
more competent to speak, the aroma of butter 
possibly proceeds from the result of fermenta- 
tion in the cream ; perhaps, indeed, to ethers, 
the products of caproic or Wtyric acid, which 
are found in all samples of butter in a free 
state. 

Amount of Butter to be Made from 
MilK. I'be quantity of butter obtainable from 
a given quantity of milk may be Estimated with 
much accuracy if the quality of the milk he 
known. Thus, if we take a sample of milk con- 
taining 4 per cent, of fat, which represents milk 
of high quality, and suppose that a sample of 
butter contains 14 per cent, of water, we shall 
And that the milk should produce 4*4 lb., 
P.aaiiTning that the separator be employed for the 
extraction of the oream. The process of skim- 
ming would be- followed by a loss of *15 per cent, 
of fat, md the process of churning by *05 per 
cent., or *20 per cent, in all, leaving 3*8 per o^t. 
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of fat with which to deal. If we add to this 
the w'ater, apart from impurities whioh ought 
not to be present — and this we can do by 
dividing 3*8 by *86— we get 4*41 lb. of butter 
to the 100 lb. of milk ; that is if the work be 
performed skilfully throughout. 

How Butter ie Made. The systems 
under whioh butter is now made are as follows ; 

1. From soured or ripened milk churned at 
66® F. This practice, still existing in both 
Scotland and Ireland, especially where butter- 
milk is readily saleable, is usually followed by 
the production of a large yield of butter of fair 
quality. 

2. From cream skimmed from milk set in 
shallow vessels or pans. 

3. From scalded eream. In this ease the milk 
is set in similar but slightly deeper vessels. 
This practice is common in the three western 
counties — Somerset, Devon, and Cornwall — the 
scalded milk, as it is termed, being easily saleable. 

4. From cream skimmed by the moohanioal 
separator. 

In every ease in which butter is made from 
cream it may bo the product of sweet cream 
or matured cream, the latter 
Ix^ing sometimes described as 
ripened or soured, either 
naturally or artificially. The 
employment of soured cream 
necessitates eitlu^r accurate 
skill and judgment on tho 
part of the maker, who must 
determine how far acidity 
should go by experionoo and 
taste, or tho aid of a chemical 
tost by which thi^ quantity 
of acid present is indicated. 
This quantity may vary in 
accordance with the charac- 
ter of tho butter produciul 
or with the milk employed. 

24. LAVAL OBBAM ‘T®®™ produooH a 

SEFABATOB Kmaller quantity of buttur 
than ripened cream, with the 
result that tho buttermilk contains more fat. 
The butter, however, is milder and somciimes 
realises a higher price. Most of the butter in 
tho British market is the product of ripened 
cream, whether it be homo produced or imported 
from foreign countries or our (Colonies. Tho 
flavour of such butter is fuller, and it is generally 
believed to keep longer. 

A Model Dairy. In a well -managed daJr>, 
the head of which is highly skilled, the butter 
produced is practically always the same in oba- 
racter. The dairy and all its utensils and plaiB 
should bo thoroughly cleansed with boiling water 
throughout. If the milk, the produce of cows 
properly fed, be then drawn into clean vessels 
by clean hands, and the cream removed in 
perfect condition, the result should bo satis- 
factory ; but satisfaction may be practically 
ensured by the addition to the cream of a small 
quantity of fresh buttermilk obtained from an 
adjacent dairy where butter of the finest quality 
k produced. In this way it is inoculated with 
friendly bacteria. Thus in most factories and 
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creameries where milk or cream are obtained 
from large numbers of farmers, tho cream is 
pasteurised with tho object of destroying all 
bacteria, and subsequently inoculated with what 
is termed a “ pure culture^’ of bacteria, which are 
responsible for the production of fine flavour. 

Pans versus Separators. In the past, 
and especially before the introduction of the 
separator, the system of cold setting of milk was 
common, especially in the three Scandinavian 
countries, and in parts of Germany and America. 
The two systems employed were known as the 
Stuartz and the Cooley systems. The warm milk 
was plumed in deep pans in very cold or iced 
water, with the result that the cream was thin and 
large in volume, while, being but little in contact 
with the air, it was not sufficiently oxidised. The 
S 3 r 8 tem of shallow setting in pans already referred 
to possesses the distinct advantage that the 
cream is practically all brought into contact with 
the air, with the result that oxidation is perfect, 
and the flavour much finer. Cream is also raised 
in jacketed shallow pans of rectangular form. 
The jackets are filled as occasion demands with 
either hot or cold water, and when the cream 
has risen the skimmed milk is withdravii from 
beneath it. AH systems of the past are, how- 
ever, giving way before tho separator, and yet 
no finer butter or cream can be produced than by 
the simple method of shallow setting. 

Points for ButtermaRers. There are 
certain principles involved in butter production 
which may be formulated as follows : 

(1) Cream is extracted from milk by the sepa- 
rator by centrifugal force. The effect of this force 
is to throw the heavier portions of the milk to 
the wall or periphery of the cylinder or drum, 
and thus to keep the lighter fat globules in tho 
centre. 

(2) Cream is extracted by shallow setting for 
the reason that, as already mentioned, being 
lighter than the serum, it rises to the surSface. 

(3) Cream rises best in a falling temperature, 
the larger globules rising first. As the temperature 
falls, &e fat, being a non-conductor, does not 
feel the change to the same extent as the serum, 
with the resmt that the difference in the density 
of the two materials » widened, and it rises ail 
the quicker in consequence. 

(4) If milk be cooled before sotting, the cream 
^isos imperfectly. 

(5) Cream should be aerated that it may part 
with any objectionable odour or flavour, and be 
the better oxidised. The higher the temperature 
at which milk is set after coming from tho cow at, 
say, 96® P., and the lower the temperature of the 
apartment in which it stands for the cream to 
rise, placing 40® F. as a minimum, the better 
the cream rises. 

(6) If milk be re-hoated before setting for 
cream there is a loss involved. 

For the purposes of raising cream on the 
shallow system, the vessels employed are usually 
of metal, glass, porcelain, or earthenware. They 
are round, and vary from 18 in. to 24 in. in dia- 
meter. Where the cream is scalded, however, 
they are slightly deeper than under other con- 
ditions, ana furnish^ with , handles on either 
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side to facilitate manipulation to and from the 
stove. In no case should the dairy in which cream 
is set in these vessels be higher than 60® F., or 
the cream rises less perfectly, while acidity is 
induced by the heat before the fat globules have 
had time to reach the surface. Where the system 
of scalding is practised, a pan of milk having 
been set in the dairy for twelve hours, or longer, 
if in the judgment of the daiT 3 rmaid, the cream 
has not all risen, it is placed upon the stove — 
preferably into a vessel of water that it may not 
bum — until the cream be covered with a film, 
and has reached a temperature of 175® F. If 
by accident the milk be allowed to boil, a small 
quantity of cold water should be immediately 
added, but this will not altogether remedy the 
mistake. This heating process is practically 
pasteurisation, with the result that bacteria are 
killed, and both cream and butter keep sweet 
longer. 

The Separator. The important modem 
machine known as the cream separiUor is now 
made in many forms [24], but in all cases the 
same principle is adopted. The milk passes into 
a receptacle, usually a bowl or cylinder, the 
heavier solids it contains being repelled from the 
centre, around which the lighter portions — the 
fat globules which form the chief portion of the 
cream — ^gather. As the inflow continues, the 
pressure it exerts is followed by a corresponding 
outflow, the cream finding its way tlirough one 
orifice and the separated milk through another, 
both being conveniently placed for the purpose. 
All the best machines are now provided with 
discs of different forms, which divide the milk 
into layers, and thus facilitate its separation, 
with the result that much larger quantities are 
handled than was possible formerly. The 
thickness of the cream is regulated not only 
by the size of the orifice, but by heat, the 
temperature of the milk being now controlled 
to a great nicety in all large butter-making 
establishments, with the result that much better 
work is performed ; but the separation of the 
cream from the milk is only perfect-— which means 
that not more than *15 ^r cent, of the fat is left 
behind— when the conditions are perfect. Tho 
speed — ^that is, the number of revolutions — must 
be correct, while the temperature of the milk and 
its inflow must be carefully regulated. What- 
ever instructions may be provided by the makers 
of a separator, the skilful operator will ascertain 
for himself how many revolutions per minute, 
what temperature, and ^hat inflow will enable 
him to obtain the best results. The separated 
milk, as it leaves the machine, is sometimes 
cooled rapidly that it may be kept for sale or 
for return to the farms ; or, if not heated to a 
high temperature before separation, it may be 
first pasteurised and subsequently cooled, plant 
being now obtainable for that purpose. Sour 
or imperfect milk cannot be separated with good 
results. The scum adhering to the sides of the 
separator should be removed by thorough cleans- 
ing after each day’s operation. Since the first 
public trials in Denmark and Hamburgh in 1883, 
and subsequently in Paris, separation by cen- 
trifugal machines has been improving until the 
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work of to>day is as uearly perfect as possible; yet most convenient, while in winter the tempera- 
we look forward with confidence to something turo may be raised to 64° F. It depends, now- 
still greater — the production of the butter direct over, upon the temperature of the apartment in 
from the cow. This will involve the invention which the work takes place. In winter the 
of a more perfect milking machine from which chum should be scalded, and thus prepared, 
the unoontaminated mi& will pass into the so that after the cream has been placed within 
separator, and from the separator into an it its temperature may not fall. Similarly, in 
instantaneous buttormaker — a machine which, summer, the churn may be cooled after scalding, 
if stfil imperfect, has already been invented. to prevent a rise in the temperature of the cream. 

Strainers. All cream should be strained The object should be to obtain small, well-formed,, 
before churning. Many forms of strainer have crisp granules of butter which are easily washed 
been invented, but none are really perfect, with and brined. If the granules be too largo or too 
the result that cloths are still employed. A hair soft, washing is necessarily imperfect — the large 
strainer, however, may be used for straining the granules enclosing buttermilk, whicli cannot bo 
butter, the buttermilk, and the water or brine removed, while those which are soft resist the 
as each leaves the churn. For butter production action of water. In a private dairy, where churn- 
in a private dairy, the cream, as it is skimmed, ing is not practised at least every other day, it is 
should be mixed and stirred after each skimming, difficult to obtain butter of the finest quality ; 
a glazed earthenware vessel being kept for the therefore, whatever care be exercised in feeding 
purpose ; but churning should never begin until the cattle, in milking cows, in setting and skim- 
twelve hours have elapsed since the last cream ming the cream, we must look for imperfect 
was added ; nor, if the best product is to be results if that cream be kept too long. It is 
obtained, should any cream bo more than twenty- indispensable that a tested thermometer should 
fourhoursoldif it hasbeenkept, asitshouldbe.in be used in every operation; it will indicate 
a dry apartment at 60° F. At this temperature, the suitability or not of the temperature 
cream skimmed from a shallow vessel while of the dairy, of the cream, and of the water 
perfectly sweet should be quite mature or ripe employed in washing the butter. It is still more 
in 24 hours. Where cream is churned under necessary where milk or cream is pasteurised, 
these conditions it produces butter of finer Avoidance of Sudden Changes. In 
flavour, chiefly owing to its more perfect oxida- order to obtain the required temperature 
tion, than anything which is produced in the of the cream before churning, usually it is 
creamery or factory— or, indeed, wherever the necessary to heat it in winter or to cool it in 
practice of inoculation be carried out. If cream, summer ; either process must be gradual, sudden 
when ready for churning, be too small in volume heating or cooling, or heatmg or cooling too 
for the churn employed, that volume may be many degrees at one time, being fatal to success, 
increased by the addition of a portion of the and here the ingenuity of the maker will be 
skimmed milk from which subsequent cream has tested. Neither hot nor very cold water, nor ice, 
been removed, conditionally upon its being clean should bo added to cream on any consideration; 
and pure ; but this method is not applicable to nor should it bo heated or cooled more than 

the factory. Ripe or mature cream is thick, three or four degrees at on<* time, and this only 

owing to the production of lactic acid, and the by the addition of pure water, or by standing the 
resulting coagulation of the casein. 8uch cream cream vessel in hot or cold water, and keeping 

produces from 16 per cent, to 25 per cent, more it gently stirred. In factory and creamery work 

butter than perfectly sweet cream which has the temperature is regulated by heating the 
been raised, for example, in twelve hours at a tern- apartment in which the cream is placed, and by 
peraturo of 60° F. If sweet cream be mixed with arrangements so carefully made that it is 
riTO cream, there is a corresponding loss ; in churned immediately it is fit for the purpose, 
other words, the loss will be in proportion to the In buttermaking the operator should on all 
quantity of sweet cream employedf. In no case occasions note the aroma and flavour of cream 
should oream:~-or, indeed, milk — bo set in before churning, and compare the subsequent 
a badly-ventilated, dark, or damp apartment ; aroma and flavour of the butter produced from 
it is practically certain to be spoiled in flavour it. In this way he will bo able to indicate with 
and to produce ill-flavoured butter, owing to great accuracy precisely when cream is ready to 
the fact that it is attacked by organisms which churn. If cream has been ])asteuriscd on milk 
are peculiar to such apartments, but which are in an open vessel, or clotted, as in the Western 
seldom if ever found in sunlight. Counties, it mav be churned at a temperature of 

Regulating the Temperature. When 58° F., although it is quite a common practice 
cream is ready for churning it should be brought among many makers to stir clotted cream into 
to the required temperature, otherwise there Wter, and subsequently to work the butter 
may be loss both of quantity and quality ; in with the naked hand— both of which methods 
summer, 66® F. to M® F. will be found the are carefully to be avoided. 

Continued 
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Infatti, a primavera, fiori a bizzeffe,^ e, a suo 
tempo, nooi a bizzefle. II buon benefattore 
non ebbe la oonsolazione di baochiarle ; ^ peroh^ 
and6, prima della raooolta, a ric^vere il pr^mio 
della Bua oaritk. Ma il mirkcolo fu tanto pin 
grande, come sentireto. 

1, pick-axe ; 2, to bare ; 3, root ; 4, it ; 
5, in abundance, plenty ; 6, to shake. 

PERSONAL PRONOUNS— continued 

Tu, Voi, Lei. In addressing a person we 
may use the pronoun of the second person 
singular, tu {dare del tu) ; or the pronoun of the 
second person plural, voi (dare del voi) ; or the 
feminine pronoun of the third person singular, 
lei (dar dd lei), 

1. TuiB used in addressing children, relatives, 
very intimate friends. Examples : Whore are 
you going, Peter ? Dove mi, Pietro ? Speak, 
my child, Parh,, bambino mio. 

2. Voi is used in addressing a person to whom 
we desire to show a certain deference, or with 
whom we do not wish to be too familiar. 

Examples : You have not studied enough 
to-day, Voi non avete studiato ahhastanza oggi; 
You arc a good man, Voi siete un buon ttomo. 
The adjective referring to voi (sing ) is in the 
singular. You are very kind, Voi siete rmtUn 
gentile. 

3. Lei is the usual form of address (except 
in the cases mentioned above) : for the plural, 
loro is used. Example: "You must excuse me. 
Lei mi deve scusare ; You (plural) are right. 
Loro hanru) ragione. 

4. The verb must, of course, agree in pt'rson 
and number with the personal pronoun used 
in addressing a person. The pronouns also 
in this case are generally omitted : entra, entrafe^ 
entri, tntrino. 

5. In addressing a man in the third person 
the adjective referring to the pronoun may be in 
the feminine, as lei stands for the feiuinme 
Vossignoria (your lordship) ; Lei sard contento 
(or contento) di sapere. You will be pleased to 
know. 

6. Your, yours when speaking in the third per- 
son must be translated by suo, sua, suoi, sue, 
hro ; suo padre, your father ; le sue sorelle, 
your sisters ; i hro amici, your friends. In 
writing, EUa may be used instead of lei, os, Scrivo 
sijbito percM EUa ne sia informata, I am writing 
at once in order that you should informed of 
it. 

7. For you (obj,) the conjunctive forms la, le 
must be used. If a conjunctive pronoun is 
used the adjective must be feminine. Example: 
La prego di scusarmi, I beg you to excuse me. 
So the forms to be used when speaking or writing 
in the third person, whether the person addressed 
be a man or a woman, are as follow : 

you (sub;.)— 2et, or EUa (sing.), hro (plural) 
you (sing.), le plural) 

to Tou — U (sing.), hro (plural) 
it, him, them, etc. to you— gh’e2o,-a,-f,-e 
of it, of him, of them, etc. to you — gftene 


Exsb€Isb XXXII. 

1. Noi si parlava di lei. 2. Lei k gentilis* 
sima. 3. Mi fkccia il piacere di darmi quello 
spillo. 4. Mi scusi se non glieli ho mandati pit 
presto. 5. Le prometto che fo uno spropksito 
se lei non mi dice shbito siibito il nome di 
colui. 6. Amico mio, tu hai torto ; domanda 
un po' a tua soreUa ; non k vero, signorina, che 
lei k informata di tutto ? 7. Siete ben pronta 
a parlare senz' kssere intorrogata. 8. Lei k la 
piu cara persona che io kbbia mai conosciuta ; 
come fa a kssere sempre cosi allegra ? 9. Suo 
fratello mi disse oho lei era ritornata in oittk, 
e mi sono afirettato a venire a strlngerle la 
mano. 10. Si k divertita questi lunghi mesi 
d’inverno ? 11. Perchk stanno sulla porta al 

freddo ? kntrino. 12. Lei non sa, non saprk 
mai quanto sinoera fosse la mia amicizia per suo 
figlio. 13. Abbia la gentilezza di mkttere 
questa Ikttora alia posta quando va fuori. 14. 
La ringrkzio tanto tanto del bei fiori che mi ha 
mandati. 15. Loro erkdono che tutto si possa 
fare a tambkr batten te ; ci vuol tempo per 
tutto le cose. 16. Le sue amiche la prkgano 
di volkro andkr gik in giardino, sc non le dis- 
place. 17. Glieli mostrerk. 

CONVBBSAZIONE 

Chi le ha detto ebe Faff are nun si fark ? 

Lo so ; e vedrk che ho ragione. 

La ringrazio della sua gentilezza e la prego di 
coinandarmi in tutto cio che posso. 

Non si dia pensiero di me ; sapro come 
regolarmi. 

Ho saputo che i suoi lavori sono stati accettati ; 
glienc faccio i miei complimenti. 

Grazie, ma non dica niente a mio padre, 
perchk voglio fargli uno sorpresa. 

E loro stanno sempre in campagna ? 

Si, e forse ci resteremo per due o tre mesi 
anckra. Speriamo che ci fark I’onore di una 
sua visita un giorno o I’altro. 

Da quanto tempo non vede il signor N ? 

Lo vidi-in casa Sarti due mesi fa (ago). 

Dov’k il mio giornale ? 

Scusi tanto, signorina, non ci ho fxmsato; 
ma le prometto che stascra al pik tardi gliclo 
fark avere. 

Se non vuol farlo, ce lo dica. 

Non k che non voglio, non posso. Loro non 
sanno quanto sia difficile di ottenere qualcho 
cosa da quella gente. A ogni modo proverk, a 
gliene faro sapere qualche cosa. 

Key to Exercise XXIX. 

1. We had thought to sell him soma 
tickets, but he has not wished to bu^ any. 
2. They have shown me some of different 
qualities. 3. If I had some more, I would give 
some to you. 4. Where is your aunt ? 6. 
There she is ; speak of it to her. 6. These little 
pictures are very beautiful ; if you go to Italy 
do not forget to buv some for me. 7. I have 
bou^t some beautiful toys for this little boy, 
but I have for^tten to bring them to him. 8. 
Do not bring them to him, because he has been 
naughty all day. 9. If the dressmaker has 
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iinifihed my dress, tell her to send it to me 
dir^tly. 10. 1 shall not fail to tell her of it. 

Key to Exerctsb XXX. 

1. Non vedete che la fkcoia di questa bambina 
6 tutta sporca di fumo ? lavittcgliela. 2. Se 
avete delle rose e dei gar6fani fresohi, f&tene un 
bel mazzolino e mand&telo a questo indirizzo. 
3. Vi avevo pregato di non dirle niente, e voi 
le arete racoontato tutto. 4. Ecco la lettera 
che abbiamo vicevuta, legg^tegliela e vedete che 
impressione le fa. 5. Se avesse detto a noi tali 
parole, avremmo saputo come risponderle per le 
rime. 6. Questo telegramma vi ^ stato rimesso 
alle sette e venti, come va che me lo date dopo 
pill di due ore ? 7. Se volete andare a teatro, 
andliteci ; io preferisco di non uscire. 8. Lo 
trattero come un mio fratello, ve lo prometto. 
9. Ecco il telegramma che abbiamo ricevuto : 
“ Ricevuto biciclette : spedir^movele.” 10. E 
in Italiano, non lo capisco ; tradiic^lemelo, per 
piaoere. 


Key to Exebcisb XXXI. 

1. That boy was saved by a miracle. 2. 
To-day the new railway time-table has been 
published. 3. The workmen are paid every 
five days. 4. We were invited, but we did not 
go (there). .5. He is loved and esteemed by 
all who know him. 0. I am sorry I cannot 
accept your invitation, because I must soon 
start for Rome, where I have been summoned 
by telegram. 7. Stick no bills. 8. It is said 
that war between the two countries is now 
inevitable. 9. They say that General N. has 
been wounded in the last battle. 10. Don't be 
tiresome, otherwise thou wilt be avoided by every- 
body. 11. This little story has been related 
to us by a friend of ours. 12. The miser is 
attracted by gold, as iron by the fnagnet. 
13. The fire has been finally isolated ; but 
twenty houses and two coal-storos have been 
entirely destroyed. 14. The thief has been 
arrested. 


Continued 
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VERBS — continued 

Pronominal Verba Conjugated 
Interrogatively 

Pronominal verbs are conjugated interro- 
gatively: 

1. In simple tenses, by putting the pronoun 
subject after the verb. 

2. In compound tenses, by putting the pronoun 
subject after the auxiliary verb. 

These verbs may, like all other verbs, be con- 
jugated interrogatively by prefixing eM-ce que 
without inversion. This form is most commonly 
used in the case of the first person singular of 
the simple tenses, and is the only one that will 
be given here : 

8e flatter, conjugated intcn’ogativcly 
Indicative 
Present 

Do I flatter myself ? 
est-ce que je me flattef 
nous jkuUons-noua ? 

Imperfect 

Did I flatter myself ? 
est-ce que je me fUUtais ? 
nous fiattions-nous ? 

Past Definite 
Did I flatter myself ? 
est‘Ce que je me flaUai? 
nous flaUdmes-nous 
Future 

Shall I flatter myself ? 
est‘Ce que je me ftaUerai 9 
nous flatterons-nous 9 

Compound Tense.9 
Past Indefinite 
Have I flattered myself ? 
me suis-je flatti, or flattee? 
nous sommes-noua fUtUis, or floUees 9 


By Louis A. Barbe, B.A. 

Pluperfect 

Had I flattered myself ? 
m'ftais-je flattie or flattee? 
nous etions-nous fUUtes^ or flaUees 9 

Past Anterior 
Had I flattered myself ? 
me fus-je ftaU^^ or flatth 9 
nous fdmes-nous fiattes, or flatties 9 
Future Anterior 
Shall I have flattered myself ? 
me serai-je flattie or flattee 9 
nous serons-nous flattes, or flaUees9 

Conditional 

Present 

Should I flatter myself ? 
est’Ce que je me fUUterais 9 
nous fotterions’nous 9 

Pad 

Should I have flattered myself ? 
me serais- je flatte, or flattee 9 
nous serions-nous flottes, or flattees9 

Pronominal Verb Conjugated Interro- 
gatively and Negatively 

Indicative 
Present 
Do I not perceive ? 
est-ce que je ne m'aper^ois pas 9 
ne nous apercevons-nous pas 9 

Imperfect 
Did I not perceive ? 
eM-ce que je ne m^apereevais pas 9 
ne nous apercevions-nous pas 9 

PaM Definite 
Did I not perceive ? 
est-ce que je ne nCaper^us pas 9 
ne nous apergilmes-nous pas 9 
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Future 

Shall I not perceive ? 
est-ce que je ne m^apercevrai paa f 
ne nous apercevrona-nous pas ? — 

Compound Tenses 
Fast Indefinite 
Have I not perceived t 
ne me auia-je paa aperQu, or aper^ae f 
ne nous aommea-noua paa apergus, or aperQuea? 
Pluperfect 

Had I not perceived. 

7ie m'etaia-je paa aper^v, or aper^ue ? 
ne nmis etiona-noua pas aper^ua^ or aper^Mea f 
Pckd Anterior 
Had I not perceived ? 
ne me fus-je paa aperQU^ or aper^ue I 
ne nova fAmes-noua paa aper^va^ or aperqvea f 
Future Anterior 
Shall T not have perceived ? 
ne me serai- je pas aper^v, or a perdue I 
ne nous aerons-nous pas aperQua^ or aper^uea ? 
Conditional 
Present 

Should I not perceive ? 

pst-ce que je ne m'apercevrais paa I 

ne nous apercevriona-noua pas ? 

Past 

Should I not have perceived ? 

ne me aerais-je paa aper^Uj or aper^ue ? 

ne nous aeriona-noua pas aper^uSy or aper^uea ? 

Exbecise XXIX. 

Of the pronominal verbs that have the 
second pronoun for their direct object, some 
take the preposition (), others the preposition 
rfe, before their indirect object. These pre- 
positions are indicated in the following list of 
verbs that occur in the exercise ; 
v’aider, to help oneself 
s'apcrcevoir (fe, to perceive 
a^appeler, to be called 
s'arretery to stop 
ae hattre, to fight 
se defendre, to defend oneself 
sp defier dc, to distrust 
ae deguiaery to disguise oneself 
ae devouery to devote oneself 
a^emparer de, to take possession of, to seize 
a'ennuyer de, to weary of 
ae glorifier dc, to be proud of 
ae mefier de, to mistrust 
ae meUre a, to set about, to begin 
ae plaire d, to take pleasure in 
ae ralentir, to slacken 
ae trouver, to find oneself, to happen to be 
ae vanter de, to boast of 

1. It seems to me that I have already seen 
that lady. What is her name ? (How does she 
call herself ? ) 

2. The vanquished (rainru) have not fought 
less well than the victors (lainqueur). 

3. The enemy (singular) have taxen posses- 
sion of the town, after a long siege, during 
which the inhabitants defended themselves as 
couragi^usljr (courageuaement) as the soldiers. 

4. We distrust others too much, and we 
do not mistrust ourselves suificiently. 


6. Tliero ore men who are prouder (glorify 
themselves more) of their defects (le aifaut) 
than of their good qualities. 

(1. “Help thyself, heaven will help thee,” 
says the proverb. 

7. They (f.) perceived their error, but it was 
too late. ' 

8. A writer {ecrivain) has said that if wo 
often boast of not wearying, it is because wo 
are so conceited (ghrieux) that we do not wish 
(voulona) to consider (find) ourselves (de) bad 
company (la compagnie). 

9. At what time do you usually (ordinaire- 
ment) get up ? We usually get up at half-past 
seven, and we rarely go to bed before half- 
post eleven. 

10. Great motives may (pen vent) induce 
(Engager) us to humble (humilier) ourselves, 
none to demean (avilit) ourselves. 

11. The Romans, after having taken po.ssession 
of Gaul (la Qaule), gave it in a short time their 
civilisation. 

12. It is (vaut) better to expose oneself to 
ingratitude than to leave a wretched (man) 
(malheureux) without help (aecoura). 

1.3. History tells us that there have been 
kings who devoted (d^vouer) themselves to 
death for the safety (le aalut) of their people. 

14. There is a great deal of difference between 
(enhe) taking pleasure (ae plair/) in a (</) work 
and being suited (propre) for (to) it. 

M. We arc so accustomed (aeeoutumea) to 
disguise ourselves to others, that in the end 
(ef^n) we disguise ourselves to ourselves. 

10. It is as easy to deceive (f romper) oneself 
without perceiving it, as it is difficult to deceive 
others without their (that they) perc(*iving it. 

Passive Verbs 

1. Verbs in the passive \oice, or passive 
verbs, as th(»y are commonly called (verhea 
paaaifs), consist of the past participle of an 
active verb added to the verb etre, to bo. Thus, 
aimer^ to love ; etre aime, to be loved ; j^aime, 
1 love ; je suia aime, I am loved ; La mJhe a 
gronde Venfanf, The mother has scolded the 
child ; V enfant a He gronde par aa mhe. The 
child has been scolded by his mother. 

2. In passive verbs, the past participle always 
agrees with the subject : Jeanne d\4rc fut hruUe 
avr la place puhlique de Rouen, Joan of Arc 
was burnt in the public square at Rouen. 

3. In conjugating a passive verb, it must 
be remembered tl^t je, tu, nova, voua may 
stand for feminine subjects, and that in such 
a ease the past participles must bo feminine 
also. 

4. As the conjugation of the passive voice 
presents no difficulty, it will suffice to give 
one simple tense and one compound tense 
as models : 

Present Indicative 

I am loved, etc. 
je auia aim^, or aimh 
tu ea aimS, or aimee 
il eat aim4y eUe eat aimh 
nous sommea aimh, or aimUa 
vona Hea amia, or ahnha 
ila aont aimes, ellea aont aim^ea 
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Paelt Indefinite 
I have been loved, etc. 
fai iti aitnif or aimie 
tu as iti aime, or aimie 
it a iti aimi, eUe a iti aimie 
nous awns iti aimis, or aimies 
vous a/oez iti aimis^ or aivmes 
ila ont iti aimis, elles ont iti aimies 

5. The subject of a verb in the passive voice 
can only bo that which would be the direct 
object or accusative of tbe same verb in the 
active voice. The indirect object or dative 
of the active may never be the subject of the 
passive voice. Thus, the verb dire, to tell, 
requires the indirect object : je lui dis, I tell (to) 
him. Consequently, such a construction as 
“I have been told” is impossible in French. 

We must say, on m'a dil, one has told me, or 
il m*a iti dit, it has been told me. 

6. The passive construction is used far less 
frequently in French than it is in English. 

Continued 


In the former language it is very cornu jnly 
rendered by an active oonstmction with jn as 
subject, or by means of a reflexive verb : It is 
said that the enemy have taken possession of 
the town. On dit que Vennemi s'est empari de la 
mile ; That word is not found in the dictionary, 
Ce mot ne se trouve pas dans le dictionnaire 
Neuter Verlie 

1. The neuter, or intransitive, verb {verhe 
neutre ou intransUif) is that which can never 
have a direct object or accusative, and which, 
consequently, has no passive voice. 

2. ^me neuter verbs are conjugated with 
itre as their auxiliary, in the compound tenses. 
The more common of these are : 

alter, to go partir, to go away 

arriver, to arrive rester, to remain 
entrer, to enter sortii'T^ go out 
mourir, to die toniber, to fall 
naitre, to be bom venir, to come, and some 
of its derivatives. 
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XCII. Attributive Clauaes. The attri- 
butive clause represents the attribute to the 
subject in the principal sentence, and is 
generally joined to the other parts of the 
sentence by the conjunction baj, or by interro- 
gative or relative pronouns. As a substitute 
for an attribute, the attributive clause, like the 
attribute, answers to the question wa« fiir ein ? 
what sort of ? In the sentence : ($r gab tnir ben 
bet aSal^rl^lcit feiner JDar'Iienung, He gave 
me the proof of the truth of his version, 
the substantive attribute answering the question 
fiir eiuen ? is : ^en betSilal^rl^eit, 
etc. The attributive clause, by which it may 
be replaced, would be : ($r gab tnir ben iBetreia, 
bag feine i)ar|leUttng trabr fei, He gave me the 
proof that his version is true. 

XCIII. Relative Claueee. Attributive 
adjectives can be replaced by attributive clauses 
connected with the principal sentence by the 
relative pronouns ber, bif, baei, n^aS, or 

by the conjunctions [see XLV., 2] ttc, ba, trU, 
trann, etc. Tlie relative pronouns agree in 
gender and number with the corresponding noun 
in the principal sentence, but the case is deter- 
mined Dy the predicate of the subordinate clause. 
In the sentence : (^m faster iBaum erquidt bad 
Sluge A barren tree does not please (refresh) 
the eye, the adjective-attribute fagl can be 
replaced by an attributive (relative) clause : 
dm flaunt, ber fal(f( tfl, erguicft bad 91uge md^t, 
A tree that is barren, etc. Uebe fel^lcr^ 
Ufe ^tttber, I do not like faultless children, and : 

ilinber, bit febtrrlod flub. ^Died ifi etn 
^ann, befftn $Ufe bebotf, This is a man 
whose help I need. £^ied cln 3Rann, beut (3) 
gclgotftn trerben faun, Thk is a man to whom 
help cannot be given, ^ied Ifl ein IDUtm, ben 
idg itottdge, This is a man whom I want. !Died 
flnb iBente, bie teix fennen, These are people whom 
we know. -{Died ifl eine grau, beren ^i{fe ^ 


bebarf, This is a woman whose help I want. 
In these examples it will be seen that gender 
and number of the relative pronouns are deter- 
mined by the nouns to which they refer, whilst 
the case is influenced by the predicate of the rela- 
tive clause. Sometimes the relative pronoun is 
dependent on the adjunct substantive, in which 
case it must be in the genitive (beffen, beren): 
JDted ifl ein Sfllaim, an beffen SBeifaU nur (legt, 
This is a man whose approval I care for. 

1. If the attributive clause refers to a sub- 
stantive, the relative pronouns ber, bie, bad, and 
treid^ei*, trclcbe, trei^ed, are employed. The choice 
between the two groups is generally decided by 
euphony : dr bra^te ben ilif^, ireictcu (or ben) i^ 
geftern gefanft l;atte, He brought the table which 
1 [hadj bought yesterday. But if the relative 
clause refers to a personal pronoun, only the 
relative pronouns ber, bie, bad, are admissible : 
Sir fal^eu i^n, ber (not irel^er) und frul;er 9ludfunft 
gegeben ^atte. We saw him who liad previously 
given us information, dr beleibtgte mid;, ben (not 
mel(^en) er pim erflen SWale fal^, He insulted me 
whom he saw for the first time. 


2. If the relative clause refers to the nevter 
of a demonstrative pronoun, or of a substantive, 
or of an indefinite numeral, it has to be intro- 
duced by the relative pronoun mad, or its con- 
traction with prepositions, like tromit, mcbitrcb, 
mcgit, mcraud, etc. Examples : dr fagte mir 
9l(((d mad er mufite, He told me all he knew. 
If the relative clause refers to a substantive, 

^ad ^ett, bad (not mad) id} faufle, ^he be^w^icli 
1 bought. The relative pronoun mad is, of 
course, subject to declension. 


3, Relative Adverbs are : mo (mol^itt), ba (aid, 
menn) — mo referring to place, and ba to time. 
SSlo (mol^tn) is used inst^ of an bem OxU, an 
meld^em .... (an ben Drl, an md^en ....), in the 
place where . , . . ; and ba (aid, mrnn) instead of 



in ^oetci^et . . . , at the time when . . . etc. 
Examples: ^ennfl bu bad Saab, ivo bte (Sitrcaeu 
bifl^ns (©oeifte), Knowest thou the land whore 
the lemons blossom i 9(at lagr, ba u>ir and ptut 
erftea SWale faljea, On the day when we saw each 
other for the first time. 

4. The contraction of relative clauses lends 
more vigour and terseness to the sentence. The 
relative clause in the sentence ^er @raf, bet ei u 
votjugUd^ev fReitei* uuu, fileg in bca Mattel, 
The count, who was an excellent horseman, 
mounted into the saddle, can bo contracted 
by the omission of the relative pronoun „bet" 
and the finite auxiliary (copulative) verb : 

^raf, fia \)orjaflfi(i^fr fifetter, jlieg ia bea 
The contracted part of the relative clause takes 
the case of the noun to which it refers : !Dcv fWat 
bfd 9lvjted, bfv eia Sreaab aafevev ffaniilie a)ar, f^ica 
i^at Tlio advice of tlie doctor, who was a friend 
of our family, seemed good ; but ^et Olat bed 
iHr^tfd, flaed Sreanbed uafmr SJamilif, f^iea pt. 

If the predicate of the relative clause is a verb 
in the passive voice, the relative 23ronoun is 
dropped and the verb takes the past participle : 
C^v Itbt ia fineat IDovfe, (totldfeed) ®ern()aaffa gcnaaat 
pvirb), He lives in a village (which is) called 
Gernhausen. 

XCIV. Adverbial Clauses. According 
to the different groups of adverbs there are 
adverbial clauses of place, time, manner, cause, 
etc., wliich can be ^aced at the beginning, at 
the end, or in the middle of the sentence. The 
adverbial clause must not be confounded with 
the ordinary adverbial phrase of place, time, etc. 
The former is a complete clause with subject 
and predicate. Thus, U'o iiitnur, an a ((fit Drteit, 
wherever, in all places, are merely adverbial 
phrases of place; whilst tmwer i<l^ au(^ bin, 
vVherever I may bo, is an adverbial clause of 
2 >lace, with subject and predicate. 

1, The adverbial clause of i^laoe answers to 

the questions ? Where ? ? Whitlier ? 

? Whence ? by which conjunctions it is 
generally introduced; whilst the correlatives, 
ba, bort, etc. frequently occur in the principal 
sentence: iff, ba ifl and) Sd^atten, 

Where there is light, there is also shadow. To 
distinguish between adverbial clauses and attri- 
butive clauses of place, which are introduced by 
the same conjunctions, it should be remembered 
that the former answers to the question So ? etc., 
and the latter to 2Ba^ ffit ein ? Soic^>g«boren 
bin, ifl meinc Seiniaf, Whore I was bom is my 
home, is an adverbial clause of place. 
(Question : ® o ifl ineine ^eintat ?) But in 
Tin- Dvj, m i(^ Qfboren bin, ifl mcine .fviniiit 
The place where I was bom is my home, 
the relative clause is attributive. (Question : 
3BaO fnr ein Drt?) 

2. The adverbial clause of time answers to the 
questions ffiann ? When ? Sie lan^? How long ? 
(£tit Ioann ? Since when ? 93i^ ivann ? Till when ? 

(a) If the actions in the principal sentence 
and in the dependent clause coincide, these 
clauses are introduced by the conjunctions a(«, 
ndf, »o<ttn, »ann, fobalb, foune, rod^renb : et fam, 

Sing fort,. As he came, I went away, (It 
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loctlteeinfleigfii, ivd^renb bftSng abging, He wanted 
to get in vhilst the train vas starting, etc. 
The 2 >redicates of both parts of the sentence 
take, of course, the same tense. If the con- 
junctions u>cnn and inann are omitted the 
sequence of words is the same as in an interro- 
gative sentence : ®cnn ich nnebevfomnu, n cKen ivit 
frc()lid) feiit, When I return we will be merry ; 
but : itomine id} \mUx, teoiUn tint frcblic^ fein. 

(h) If the action of the dependent clause pre- 
cedes that of the principal sentence, the former 
is introduced by nad}bcm, after : 9la(i}bem idb il}nt 
ineine SJleiimng gefagt b^tte, benihigte et jtd^, After 
1 had told him my opinion, he calmed down. 
Here the imperfect in the principal sentence 
corresponds with the pluperfect in the dependent 
clause. ^ 

(c) If the action of the principal sentence 

precedes that of the dependent clause, the latter 
IS introduced by e()f, bei'ot, before : fc* 

pt fbdt ifl, Do it, before it is too late. 

(d) The adverbial clauses answering to Ste 
lange? How long? @eit ivaim? Since when? 

irann ? Till when ? are introduced by the 
coni unctions feit, since ; bi6, till ; inbem, li>iU}rtnb, 
whilst; lubeei, meanwhile; folatige, as long as; 
and mm, now : (Scit bu ba bifl, ntief) iviebcr 

ieob(, Since you have been (are) here, I feel 
well again, ^^(elben (^te l)ier, bii^ fommr, Stay 
here until I come. 

3. Adverbial clauses of mode and manner 
answer to the questions Sie? How? and 9(uf 
U'fld}e ®«ife ? In which way (manner) ? These 
clauses can be (o) com 2 )arative, or (6) conclusive. 
In (a) the subjects of the principal sentence and 
of the adverbial clause are compared ; in (6) a 
conclusion is drawn in the one from the other. 

(a) The comparative clause is introduced by 
the conjunctions U)i«, al«, ude — fc, fo — fo, al^baf, 
als cb, al^ ivenn, trie trenn, inbem, obue bab, je nad}; 
bem, Je — beflc, infefern, iinrieferii, infotreit, Intidetveif. 
The similarity of the objects compared is indi- 
cated by trie, the superiority or inferiority by 

[see LV., 5, 6]; flarf mte difen, strong as 
iron; flirfer a(0 difen, stronger than iron. 
If the principal sentence and the comparative 
clause have the same subject and predicate, 
these can be dropped in the comparative clause 
after the conjunctions a(^ and trie : (Ir liebt feiuc 
SBfu^er, tine (et) fonfi auf dvben (iiebt), He 
loves his books as he loves nothing else on 
earth. Comparative clauses introduced by ol}ue 
ba$ can also be contracted if they have the same 
subject as the principal sentence : dt jlimmt ju, 
cl^ne baf et barubet ein Sficti rerheri can be con- 
tracted (with omission of baf, and with the pre- 
positional infinitive of the verb) into: dt flimmt 
}u, c^nc barfibet ein iSBrrt )U reritereu. He assents, 
without wasting [losing] a word about it. Com- 
parative clauses intrcmuced by inbem are con- 
tracted by omission of the conjunction and 
subject, tlie verb being put in the participle 
present : dt flanb auf, inbem et bem .f(e((net elite 
^i(betmitnj;e mmatf, and dr flanb auf, bem ifeKnet 
eine ^i(bfrmun)e uimetfenb, He got up, throwing 
a silver coin to the waiter. 
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(6) Conclusive clauses are introduced by 
fo — tap, foba^, baf, au — a(j bap, etc. 9l(a bap is 
followed by the subjunctive: ivat ju emgt, 

aCa baf i^m $atte anttrocten fcnnen, or 
contract^ (with omission of the conjunction, 
and with the infinitive with urn j)u) : Hd) war gtt 
etreftt, urn iftm antworten ju fcnntn, I was too 
excited to be able to answer him. ($r irar $u 
bap er betr (Rat befclgt or con- 
tracted ; (St mt gu utn ben (Rat j^u be? 

folgen, Ho was too cautious to follow the advice. 
The contracted form is distinctly preferable and 
is generally employed. 

4. Adverbial clauses of cause denote (a) the 
cause, (6) the purpose, (c) the condition, (d) the 
concession of an action expressed in the prin- 
cipal sentence. 

(a) Clauses of cause are introduced by the 
conjunctions tt'eil, inbem, ba, babiirc^ bap, baran 
— bap, bai^cti — bap, barau^ — bap. Examples : 

ping fort, n>et( @ie ni(^t fantett, I went away 
because you did not come. !Da er nic^t^ fagte, 
fbrac^ au(i^ ttid^t baoon, Since he said nothing. 
I, too, did not speak about it. The clauses of 
cause introduced by the conjunctions ba and )oet( 
can be contracted by the omission of the con- 
junction and the subject, the verb being put in 
the participle : Da mit btefer R3eflimmung ntc^t 
einoerflanben n^ar, brac^ idb bie ^41er^anblungen ab, 
As I did not consent to this stipulation, I broke 
off the negotiations ; or contracted : biefrr 

Seblnguug nidl^ eiuvetflattbeti, btad^ id^ bie ifienpaub^ 
lungen ab. 

(h) Clauses of purpose arc introduced by the 
conjunctions bamtt, auf bap, bap, etc. (sometimes 
with the correlatives barum, beill^alb, biefem 
3»e(fe, in the principal sentence). The verb in 
these clauses takes the subjunctive mood: 
<$r fvrac^ ietfe, bamit i(fn niemanb ()cre, He spoke 
low, BO that no one should hoar him. The 
contraction is effected in the usual way, by 
omission of conjunction and subject, the verb 
taking the prepositional infinitive with p or 
urn : (Bit fdbeute feine SRfibe, bamit fte i^m 
^rlauge, or Gie ’‘.bmte feine SRubr, um i^m gu 
{^clangen, She ^ hirked no trouble to get to him. 

(c) Condicional clauses are introduced by 
fafl^, menn, trofeni, m, im bap, sometimes 
with a correlative fo in the principal sentence : 

tt regnet, fo fomme idf ntdl^t, If it rains I do 
not come. If the coniunction of the subordinate 
clause is dropped, the verb must precede the 
subject: fRegnete(^, fo fomme idb nidbi- If a clause 
introduced by menn is contracted^ the conjunc- 
tion and subject are omitted, and the verb 
takes the past participle: SBinn tt oetreten mirb, 
friimmtfidbandb berRButm, or contracted: ©etveten, 
frhmmt ficb au6 bet SBurm, Even the worm will 
turn when trodden on. 

(d) Glauses of concession are introduced by 
menn autfi, menngteic^, toenn f(bon, ob audb^ obgteidb, 
obfdbi’tt' obmolpl, trie andb, irietro^l, although, some- 
times with a correlative fo bodb benno(^ in the 
principal sentence. The conjunctions tretm, ob, 
are sometimes dropped for reasons of euphony, 
in which case the seq[uence of words is the same 
as in an independent interrogative sentence : 


Senn aucb oa^ Unglftcf i^n tief gebfugt fo 
liep er bo(t belt flRut ttidbt flttfen, Although mis- 
fortune had bent him down, he did not lose 
courage ; or contracted : ^atte i^n audb baS Uttigliid 
tief gebeugt, fo Itep et bodb ben SRut nidbt finfen. 

EXAMINATION PAPER XXIII. 

1. To which question does the attributive 
olaqse answer, and for what reason ? 

2 How are relative clauses conneoted with 
their principal sentences ? 

3. What determines the gender and number, 
and what the case, of the relative pronoun 
in an attributive clause ? 

4. When is it necessary to employ the relative 
pronouns brr, bir, baa ; and what consideration 
decides, in other cases, the alternate use of 
these pronouns and of loei^er, toeldbe, loeldiea ? 

5. Which relative pronoun must be used, when 
the relative clause refers to the neuter of 
an adjective in the superlative? Under 
what other circumstances is the same 
pronoun to be used ? 

6. How can relative clauses be contracted ? 

7. What are adverbial clauses, and how are 
they grouped ? 

8. How is it possible to decide whether de- 
pendent clauses introduced by the con- 
junctions wo, wober, wobin, are adverbial 
clauses of place or relative (attributive) 
clauses ? 

9. IVhat is the difference between an adverbial 
clause of place and a mere adverbial phrase 
of place ? 

10. What tenses are used in the principal 
sentence and in the adverbial clause of time 
(a) if the actions of both coincide, (&) if the 
action of the dependent clause precedes 
that of the principal sentence ? 

11. What rule determines the use of wie and ala 
in comparative clauses ? 

12. How can a comparative clause be con- 
tracted? And how are clauses of cause, 
purpose, and condition contracted ? 

Exercise 1 ( a ). Insert the missing relative 
pronouns : 

3cb fauftc bm in bem @ff(baftc fi^ 

1 bought the hat in the shop [which 
nebenan bejtnbct. Diea wiberfubc wiv, .... bod; 
is] next door. This happened to me who knew 
bm aOeij geuau fanntc. (Sr itellte mir feine %mi rov, 
the way exactly. He introduced to me his wife 

oorber no(b tiie gefeben batte. Diea iff ber 3Rann, 

whom I had never seen beWe. This is the man 

. . . ®obn una b^^^b^^ fubrte. Diea ifl bie 
whose son conducted us here. This is the peasant- 
SBduerin, .... Xodittx una ben RDeg gegeigt 
woman whose daughter had shown us the way. 
Daan>ar9(t(ea, .... tdb erfabren fennie. DaafagenSte, 
This was aU 1 could learn. You say so, 
.... biea bo(b beffet miffen foUte ? Dad fagte ber sRann, 
who ought to know better ? The man said so, 
.... bied b&fi< beffer miffen mfiffen. Dad ittfigfle, 
who should have known better. The best [wisest] 
.... trtr httt Unnttif ifl, abittteifm. Cfd gob tiid^td, 
we can do, is to depart, l^ere was nothing 
. . . . et ni<bt tsttfte. 
that he did sot know. • 



(6). Form attributive (relative) clauses of the 
following sentences : 

faufte ben §ut in bcm neBenanBerinbti(f|en®efc^afte. 
1 bought the hat in the shop next door. 

(See first sentence of exercise la.) 

9irre bavan geu'anbtc SWn^e wwx ver^ebiici^. 
All the trouble spent on it was wasted. 
3(3^ befclfite ben mir evtcilten iliat. 2ic 

I followed the advice given to me. She 

f(^enhe \f)nx cine tt'Uiibe^bar bnflenbc 9?ofe. 

presented him with a deliciously smelling rose, 
^eigte wit ben furjeflcn 
He showed me the shortest way. 
Exercise 2. Insert the correct conjunctions 
of comparison ; 

fn^Ie wi(^ fc Wc(d, . . . . ein Jifrf; im "iffiaffev. 

I feel as well as a hsh in the water. 

fui)(e mid^ lvcl)lev ein Sifd^ im ©affet. 

I feel better than a fish in the water. 

. . . . bie Sonne an^ ben ^>o(fen bridbf, fo 
As the sun breaks forth from the clouds, so 
Irat btc ffee ana bem ©atbeebnnfet terbov. 
the fairy stepped out of the darkness of the forest. 


Unfev (SJavten ifl weit fd^oner .... bet feine. 
Our garden is far more beautiful than his. 

(?t Uebte i^n ciu ®rnbet ben anbevn [liebt]. 

He loved him as one brother loves the other. 

Key to Exercise in Examination Paper 
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t)ew .ftinbe wurbe befo^ten, iw 3iniwev jn bleiben. 
T'em .ftinbe unrbe befotjten bajn bleiben. bat 

it)n mir pt r)elfen. bat u)n miv mit eini^ent 
(Mcibe auajul^elfen. 3^ bat i[}n einflweilcn 
of)ne mtd^ brf)rtfeu. (Sx etfiArte nit^ta baoon gn 
wiffen, or: (5t crfi&rte, ev wiffe nit^ta babon. JDcv 
'Batct furc^tete, fein <$o^n wuvbc i()m ni^ta witteiten. 
Act) ^offe worsen friit) abpireifen, or : 3(1^ l^ojfe, ic^ 
loerbe morgen fvu^ abreifen. Ifa mar, {aate er mit, 
fd^vecftic^. !Der Jtonig untrbe, beriebtete btc Seitiing, 
gtilttijenb ew).'fangfn. JDen ivurbe bet IBefebt 

evteiit baa Seuet pt etoffnen. ©eflatten 'Sie mit Abnen 
attea pt er^dbten. dvtauben ®te mit <Sie ndebnena 
pt befneben. ©cmifi, abet traebten (Sie ben 3ug niebt 
pt berfi'iumen. Q^erbiUt ea fldb fo, bann bieibe »odb. 
®«nf(bcn Sie ea niebt, fo mtvb ea eiufacb nic^t 
gefcbff)fn. 


CONVERSATIONAL EXERCISES 


IX. Forms of Courteoy 

Generally speaking, the Germans are far more formal and courteous in conversation than the 
English, and have many expressions and quaint forms of speech which do not exist in English. 
Thus it is customary to say „@uten (good appetite) before, and „2Dunf(be mobf geft>ei(l i|U baben" 

(I hope you have (lined well) after a meal ; or to exclaim „3uwi ffioblfeln I" on hearing somebody 
sneeze. The custom of addressing people by their full title is carried to such extremes that the wito 
of a small government official is addressed by her husband^s title; „fftan (Sicnereinnebmetin" (Mrs. 
tax-collector). To make these forms clearly intelligible, they are here literally translated. 


Good-morning 1 Good-day! Good-evening I 
How do you do ? 

Quite well, thank you ; and you ? 

Well, not particularly well; I have caught a 
slight cold. 

Good-bye ! God be with you ! 

After you ! 

Your health ! 

Farewell ! 

May we meet again soon ! 

Good-night [^aoiousj madam! 

I am pleased to have made your acquaint- 
ance. 


Wuten SWovgenl (^uleii Tag! C^Jufeii 9lbfnb! 

Sie gebt e^ 3b»tn? 

Daiife beflen^, gaii^ gut ; uiib Abncii ? 

91utt, utebt pim !©efleu; id) memg 

cvfattet. 

?lbieu! ®ett befc()(en ! @olt aim ®ni6e! 

9]a^ 3b««n ! 

5^rc(it ! 9luf Abr Sef)! ! Abfc l^efnubbeit I 
Veben 6ie mef)! ! 

9luf Siebevfcben ! 

OiJute 9lacbt, gnabige ffrau! 

b^l *»ocb gefreut, 8ie feiiiieu pi (eviieii, (or; 3b« 
U'frte '^efainitfcbaft jju macben). 


X. Concerning Time 


WTiat o’clock is it ? 

Eight o’clock. A quarter past eight. A quarter to 
nine. Five minutes past nine. Half past eleven. 
The train leaves at 2.20, at 3.30 p.m. 

The fast train arrives at 4.45 a.ra. 

I shall be with you at five minutes to six. 

I shall only wait for you till a quarter past six, 
then 1 shall go, as the performance begins 
at 7 o’clock sharp. 


Sie \)ie( Ubr (mic u^l) ift ^ 

9ld)tUbr. (fin 'lUeitcl nad) ad)t Ubr. Trebiertet iieim 
Ubr. Wnf SWimiten nacb neun. J&alb proff Ubv. 

Ter 3ug gr()t um 2 Ubv 20 SWiuuten, um b^^l^ vi^r 
nacbmUtagt^ ab. 

T)er ecbneiipig fomwt um breibicrtel ffinf Ubv 
mergettd an. 

Ruuf aWinuteu ror ff<b^ Ubv bin teb bci 3bn«i. 

A<b !rarte uuv bi^ eiu 95ifric( iiad) feeb^ auf ®te, bauu 
gebe id) fi’rt, ba bie TbeatcriHnjle((uug um VvAcife 
7 Ubr bfgiuut. 


XI. Concerning Relgtionohip 


That young lady is a niece of the officer who 
travelled with us. 

Afy nephew lived twelve months with his mother 
in London. 

T have a cousin at Breslau and an uncle at 
Magde^rg. 


Aenefi Sriideiu ijl eiue DUebte M Dffiper^, ber mit 
unfi reijle. 

SMein Weffe lebte ciit Aabr (aug mit feiiier 5Wulter in 
^Bonbcti. 

A(b ^ii^ru better in ^refifau uub eimn DufeC 
in ffilagbeburg. 
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I think there were several brothers and sisters; glautie es n)areit me^reie iBru^er unb ^d^kpe^ern 
has the child any brothers or sisters ? ^ ba ; l^at baS Jtinb T 

Ihe grandparents took charge of the little girl IDic @itc$eltem ttabmeu bie .fteinf gu 

How many grandchildren has the Count ? Sie riel @nfel i^at bet ®raf ? 

He is a stepbrother of my brother-in-law. ($t i{l ein ©tiefbvubev meinea 

Do you know my sister-in-law ? .itenneu <Sie tneuu Sdbw^getin ? 

The bridegroom and the bride came to sec us. ^rautigam nnb bie SBraut mac^ten uns etneti !iBefu(!^. 

The children are twin-sisters. .Umber jinb 3wii(in9«fd^tvfflerti. 

Ccmtinued 


SPANISH By Amalia de Alberti O H. S. Duncan 


VERBS— continued 

The Reflexive Verb. Reflexive verbs 
are so called because they are conjugated with 
a pronoun object identical with the subject. 
Examples : 

alaharae, to praise oneself 

me alabo, 1 praise myself 

te alabaa, thou praisest thyself 

ae alaba, he praises himself 

noa alabdmoa, we praise ourselves 

oa alahaia, you praise yourselves 

ae atabarit they praise themselves, etc. 

Many neuter and passive verbs have only the 
reflexive form in Spanish. Examples : 

alegrarae^ to rejoice 
arrepentiraef to repent 
quejarae, to complain 
burlarae, to mock 
enfadarae, to get angry 
levarUaraej to get up 
acoatarae, to go to bed 
llamaraef to be called 

Verbs having only the reflexive form in Spanish, 
when active or neuter in English, may be con- 
jugated with ae, itself, and the dative pronoun 
to distinguish the person. Examples : 

me alegro, or ae me dlegra, I rejoice - 
te edegraa, or ae te alegra^ thou rejoicest 
ae alegra, or ae le alegra, he rejoices 
7u>a alegrdmna, or ae noa cUegra, we rejoice 
oa alegraia, or ae oa alegra, you rejoice 
ae alegrant or ae lea alegra, they rejoice 

Reciprc»cal Varha. When reflexive verbs 
in the plural refer to two or more persons 
separately they are called reciprocal, and the 
pronoun object is rendered by eocA other whmi two 
ore intended and one another when several are 
indicated. Example : ae arrnn, they love each 
other, or one another. 

As ae aman mav also mean they love them- 
selves, when any doubt is possible such phrases 
may be strengmwed by some addition. Ex- 
amples: 

ae aman d ai miamoa, they love themselves 
se Oman el uno al otro, they love each other 
ae aman loa unoa d loa otroa, they love one another. 

Tha Paaaiva Volca. The passive voice, 
as already explained, is formed by the simple 
and oompouHci tenses of the auxiUary verb aer 

Aam 


joined to the past participle of the verb to be. 
Examples : 

aoy amado, I am loved 
fui amado, f was loved 
sere armdo, I shall be loved 
haher Mo amado, to have been loved 
The passive voice is little used in modem 
Spanish, but is generally replaced by the re- 
flexive construction. Example : 

El libro ae vendio mug haraJlo, The book was 
sold very cheap ; rather than fue vendido. 

The passive voice is preferred in narrative of 
past events. Evample : 

Mmhoa aoldados fueron matadoa en la hatalla. 
Many soldiers were slain in the battle. 

The Participle. The past participle 
is looked upon as an adjective, and agrees with 
the noun in gender and number when used 
as an adjective without the verb, and when 
conjugated with any verb as auxiliary except 
haher. With haher the participle is always 
invariable. Examples : 

Elloa han leido Ua cartaa, They have read the 
letters. 

Las cartaa eatdn leidaa. The letters are read. 
Las cartaa leidaa. The letters read. 

Participles are considered irregular when 
they do not end in ado or ido, according to their 
conjugation. 

The following regular verbs have an irregular 
past participle : 

Infinitive Participle 

abrir, to open ahierto, opened 

cvbrir, to cover cuhierto, covered 

eacriber, to write eacrito, written 

imprimir, to print impreao, printed 

All the derivatives of the above verbs have the 
same irre^larity. Examples : 
deactthrir, to discover ^deaevhierto, disco vere I 
encubrir, to conceal encubierto, concealed 

inacribir, to register inacrito, registered 

Impersonal Verbs. Impersonal verbs 
are those which can only be used in the third 
person singular, and whose subject in English 
IS it They are inflected according to weii 
conjugation. True ii^ersonal verro refer to 
natural phenomena. Examples : 

Uover, to rain Utteve, it rains 

nevar, to snow nieva, it mom 

helar, to freeze hieia, it freezes 

tronar, to thunder truena, it thunders 

amanecer, to dawn amonece, it dkkwns 

anoehecer, to grow dark anocheae, it growsdark 
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The two last may be used personally. Ex- 
amples : 

Amaneci en Londres, I reached London at dawn. 
Anochecimoa en Paris, We reached Paris at 
ni^tfall. 

The following are examples of the different 
methods of rendering the English impersonal 
“ it is ” in Spanish : 

Ea verdad, It is true Hace frio. It is cold 
Asi ea. It is so Hace ad. It is sunny 

Eatd Jielando, It is Hace trea diaa, It is 
freezing three days ago 

Hay diez millaa de aqui, It is three miles from 
here. 

Maa vale iener poco que nada. It is better to 
have little than nothing. 

Note. Ha^e is always used with reference 
to time, and hay with reierence to distance. 

Vocabu- Vocabu- Vocabu- Vocabu- 

lary lario lary lario 

A cowherd Uii vaquero A ba(;-iM)>e Una tr.aita 

A waterin};- Una retft^dera A flfo Un pTfano 

pot A olarioii Un clarln 

A spade Unaazada A sprin^t Un inanantial 

Shears (I^) cizallas A torrent Tn torrente 

A shearer Un esquilador A rivulet Unarrojo 

A thrashing. Una niaouina A canal Un canal 

machine dc trillar The calm La calma 

A cornrick Una liacinu <)e The storm La tenit>eHtad 

trigo A horseman Un Jineto 

A seed-plot Un semillero A horse Un caballo 

A footpath Una senda The reins l^s riondas 

A billiard* Una mesa dc The bit K1 freno 

table billar The curb La barbada 

The balls Los bolas The spurs Las cspuelas 

A game of Un Juego de The tprtli Las eint'has 

chess ajedrez The saddle La silla 

A game of Un Juego <l€ The stirnijis Los eslrilios 

draughts damas The horse- La gualdraj^m 

A draught* Un tablero de <‘loth 

board damas The caparison El caparazon 

A dice-box Un cubilete To hicak a Donmr un 

A pawn Un iieon horse caballo 

The bowling* El Iwleo The horse- El domodor 

green breaker, 

Horse nu'es Carrera de trainer 

oaballos To saddle a A pare jar 

The fishing, La pesca horse 

fisher} The harness El aparejo 

Fencing Laosgrima To trot Trofar 

To smoke Fumar To amble Ainbl.*r 

A cigar Un cigarro To gallop («aIopar 

A Havana Un habano Forage Forraje 

A cigarette (Jn cigarrillo Oats Arena 

Tobacco Tabooo Corn Ortuio 

Tobacoonist Tabaquero Hay Heiio 

A pipe Una pipa Bran Afrecho 

A blunderbuss Un trabuco The engage- El ex)mpro- 
A harp Una arpa ment miso 

A flute Una flauta 

Exercise XIV. (1) 

Translate the following into Spanish: 

1. Will you play chess ? I cannot play as 
well as you. It does not matter, I will give you 
the queen and pawn. 

2. Very good ; but after finishing a game of 
chess we will play one of draughts. I think I 
know that game very well. Here is the board. 

3. Take a cigar; they are good; they are 
Havanas. Thanks, I do not smoke. And your 
brother, [does he] smoke ? My brother smokes 
cigars, cigarettes, and a pipe. 

4. Ilie Scotch play the bagpipes, and they are 
the only [people] in the world who can play 
them. 

6. This water you see here is a spring of fresh 
water. 

6. This is a rivulet Jn summer, and a volumin- 
ous river in the winter. 


7. Calm comes before a storm. 

8. He says he ib a good horseman and he 
cannot manage his horse. 

9. Do you use spurs ? Never. 

10. This saddle is old. You should buy a new 
one ; and allow me to tell you that the stirrups 
are too long. 

11. This horse is very spirited; it must be 
broken in. That is easy, I have a good trainer 
in my stables. 

12. The harnessing will be quickly done. 

13. It is not well to praise oneself so much, 
as he who praises himself runs risk of being 
mocked. 

14. Lot them mock ; I do not care ! 

15. My heart rejoices at the sight of you. 

16. We are very pleased at your good fortune. 

Exercise XIV. (2) 

Translate the following into English : 

1. La guerra fu^ muy sangrienta; murieron 
muchos Boldados. 

2. A1 reoibir la triste noticia la pobre mujer 
se desmayd. 

3. i Puedo abrir esa carta ? Esid abierta 
desde esta mafiana. 

4. El cielo ostd encapotado ; se deben oubrir 
esas flores, puos de seguro llovord. 

5. Ho escrito d su sehor padre dandole parte 
de nuestro compromise ; veremos si se digna 
escribir. 

6. i Esas palabras estdn impresas en mi 
oorazon ! 

7. Hay qu'' imprimir este manuscrito. 

8. La Amdrica fu6 desoubierta por Col6n. 

9. A1 descubrir la estdtua, la dorribdron a1 
suolo. 

10. Truona, llueve y hiela al mismo tiempo. 

11. iVddtronar! 

12. Al amanecer salimos del pueblo incognito. 

13. Amaneco d las cinco dc la maftana. 

14. Al anochecer llegamos d nuestro destino ; 
fud una jomada larga. 

16. I Es verdad que hay doce millas de aqui 
a San Juan de Luz ? 

Prose Extract XII. 

Passages from on Essay by, Mariano Josd de 
Larra, entitled “ ; Quidn es el Publico ? ’* (Who 
is the Public ?). 

This word public Esa voz pdblica quo 
which is always in todos traen en booa 
every man’s mouth in siempre en apoyo do 
support of his opinions, sus opiniones, ose 
this accommodating comodin dc todos los 
servant of evepr party partidos, de todos los 
and every opinion, is pareceres, ^ es una 
it a word void of mean- palabra vacia do 
ing or is it a real and sentido, 6 es un entc 
actual living being ? real y cfectivo ? Begun 
According to mo lo mucho que so habla 
amount of talk there de dl, segun el papclon 
is about it, according que hace en cl mundo, 
to the prominent part segun los epitetos quo 
it plays in the world, se le prodigan, y las 
according to the titles consideraciones que se 
lavished upon it, le piardan, parece que 
and the consideration debe de ser alguien. 
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nhown it, it seems as if El pdblioo es ilustrado, 
it ooffit to be some- el publico esindttlgente, 
body. The public is . el pdblico es imparoial, 
Gttli^tened, the public el pdblioo es respetable : 
is induli^zit, the public no bay duda, pues, en 
is impartial, the public que existe el pikblico. 
is respectable, there can En este supuesto, 
be no doubt, therefore, ; Quien es el pdblioo y 
that the public exists, donde se le encuen- 
Such being the cose, who tra ? 
is the public and where 
is it to be found ? 

With a youthful and Salgome de casa con 
ingenuous oounten- mi cara infantil y 
ance 1 leave my house bobalicona d busoar al 
to search for the public pdblico por esas calles, 
in these streets, and to yd tomar apuntaciones 
take notes in my pock- en mi registro acorca 
et-book of the oharac- del caracter, por mejor 
ter, or rather of the decir, de los caracteres 
distinctive character- distintivos de esc re- 
istics of this worthy spetable sefLor. . . . 

gentleman 

I gather up my notes Reuno mis notas y 
more perplexed than mds confuso que antes 
ever as regards the acerca del objeto de 
object of my inquiries, mis pesquisas, llego a 
and seek information informarme de personas 
from persons more mds ilustradas que yo. 
learned than m 3 rself. Un autor silbado me 
To my question “ Who dicecuandolepreg^to, 
is the public?’’ an “iQuidneselpdblico?” 
author who has been Preguntadme mas 
liissed replies, ** Ask bien cudntos necios so 
me rather how many necesitan para corn- 
fools are required to poner un publico.” 
make a public.” 

An author who has 
been applauded replies, 

“ It is tne assembly of 
enlightenedpersonswho 
decide upon the merit 
of literary productions 
in the theatre.” 

Mariano Josd do 
Larra (1809-1837) was 
bom with all the gifts 
of genius, marred by 
a bitter pessimism 
which drove him to 
suicide at the age of 
twenty- eight. He was 
the author of one 
historical novel and a 
few adaptations for the 
stage, but his fame 
rests chiefly upon the 
vigorous prose of his 
satirical essays, which 
appeared under a 
va^t;^ of pseudonyms. 

In spite of his early 
death he is considered 
one of the foremost 
authors of the centuiy. 


Key to Exeboiss XIIL (1) 

1. I Desde cuando tiene el sefior banquero 

M la cruz de . . . . ? 

2. Lo fud oonferida despues de la guerra. 

3. Me alegrard desmentir los rumores falsos 
que han corrido por la ciudad. 

4. Fue herido de un pistoletazo en el brazo 
dcrecho. 

5. i Fud el derecho, 6 cl izquierdo ? 

6. Ya he dicho que era el derecho. 

7. InfeH que estaba malo, no le he visto por 
muchos dias. 

8. Ese hombre es capaz de porvertir 6 la 
persona mds sabia, sus doetrinas son escanda- 
losas. 

9. i Vamos d la feria ! de seguro que pod- 
remos comprar buenos potros y caballos. 

10. El salondo fumar estd al fin del jardin. 

11. Iremos mailana d la fundioion de cafiones. 

12. £1 ladron con la ganzda abri6 la puorta. 

13. El centinela estd en la garita. 

14. Tiene Vd bastantes uvas para hacer la 
vcndimia. No, no tengo bastantes, pero tengo 
hermosos racimos. 

15. I Tiene Vd villas ? Tengo dos, una en 
Moguer y otra en Jerez. 

16. El eje se rompio cuando los caballos 
iban al galope y el coche volc6. 

17. Se represen ta d la muerte con una guadana 
y im reloj ae arena. 

18. Los segadores tienen la supersticion de si 
al segar cortan algun animal, sea pdjaro, conejo 
6 cualquier cosa animada, que han cortado su 
vida. 

19. Despues de concluida la cosecha los 
segadores bailan en la era, es una costumbro 
que data de la edad media. 

20. La fuente del jardin cs de mdrmol y el 
agua muy limpia. 

Key to Exercise XIII. (2) 

1. I come to inquire into the details of the 
^ theft which took place yesterday. 

2. We can say no more than what we have said 
already. 

3. It w’ould bo possible to catch the thieves 
if we no^e haste. 

4. It is not worth the trouble ; what they took 
is of little value, and, after all, ** live and let live ” 
comes in well here. 

5. He is a man of strong will, he has risen 
from nothing, and look at the position he holds ; 
think of all the difficulties lie has had to conquer. 

G. He is very distinguished. 

7. Let us go to catch the train. It is late, 
and if you do not arrive in time you will not 
catch it. 

8. Be careful ; thou art scattering that seed, 
and there will be none left for the garden. 

9. That woman is very frivolous and super- 
ficial. 

10. Last night we went to the gallery of the 
** Theatre Royal.” 1 did not like the tragedy ; 
the leading fa^ is too old, and the mding 
man cannot declaim. 


Un autor aplaudido 
me responde, “Es la 
reunion de personas 
ilustradas que decidon 
en el teatro del m^rito 
de las produccioncs 
literarias.” 

Mariano Jo.se de 
Larra ( 1809-1837) nacio 
con todos los dones de 
un genio, dafiados por 
SUB sentimientos pesi- 
mistoB que lo llevaron al 
suicidio 4 la edad de 
veinteyochoailos. Fu<^ 
el autor de una novela 
historica y de algunas 
adaptaoiones para las 
tabl^ pero su rama estd 
prineij^hnente basada 
sobre la prosa vi^rosa 
de sus ensayos satiricos, 
los ouales parecieron 
bajo varies seuddnimos. 
Ape^r de su temprana 

como uno de los prim- 
eros ilutores del siglo. 

CanHmied 


4m 







THE MODERN LOCOMOTIVE 

A. FQur-wliuder compound ** Atlantic*’ typc.exprcM locomotive, 0. N.B., built ot Donoaiter works, to the of 

Mr. H. A Ivatt. There are two h^rh-pressure wllndimoatiidethe frames, and two low-pressure oyliaders inside, B. End view 
of same, showing smoke*box. 0. End view of same, showing the fire-box, interior of cab, andcontrolUng gear, inlMtors, etc. 
D. **Ooiisolidf^on ” type (S-^-4) mineral loccnorivst Q.W.S., built at Swindon works, to the designs of Mr. J. 0. Churchward 
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RAILWAY MANAGEMENT 

Group 20 

TRANSIT 

Division of the Railway Administrative Staff into its 

16 

Several Departments, and the Responsibilities of Each 

Ooiiitimed from 


pi4«4ie» 


By H. G. ARCHER 

'T'HE policy and administration of a British for him to supervise personally the actions of 

^ railway company is vested in a board of every employ^, he is accounted the connecting 

directors, presided over by a chairman and two link in the chain of responsibility between the 

or more deputy chairmen. The directors are board and the lately -joined lad porter.* General 

elected by the shareholders. A certain number managers have been known to rise to their 

of directors retire annually or semi-annually, pre-eminent position from very subordinate 

but are* eligible for re-election. Any shareholder, grades of the staff. No particular branch of 

provided flbat he possesses the qualification of 3ie railway service can be earmarked as hold- 
holding a specified amount of ordinary stock, ing the ladder of success. True, the majority 

in eligible for a directorship. Besides electing of general managers have mounted its rungs 

their directors, shareholders also elect the through the traffic department ; but there are 

auditors of the company. The full board of many instances of locomotive superintendents, 

directors, as a general rule, meets once a month ; engineers, and representatives of the Legal 

but there is a number of directorial committees Department having attained the “ blue ribbon ” 

whose members confer together, and with the of the railway service. 

managerial chief or chiefs of the particular depart- Administrative Departments. The 

ment which the latter represent, at more fre- various administrative departments of a great 

quent intervals. For example, there is a finance railway company are best explained by diagram 

committee, in close touch with the secretary, [IJ The statutory officers are scheduled on the 



treasurer, and chief accountant ; a traffic 
committee, who consult with the superinten- 
dent of the line and chief goods manager ; and 
a locomotive committee, who associate them- 
selves with the chief mechanical engineer, or 
locomotive superintendent; together with Par- 
liamentary, Fares and Rates, Debts and Goods 
claims, Hotels, Docks and Steamboats com- 
mittees, etc. 

The General Manager. The responsible 
officer for the whole executive administration 
of a railway is the general manager. He acts as 
** chief of the Stan ” to the entire undertakinn, 
and although, of course, it is not practicabm 


reader's left in the diagram. The existence of 
any or all other officers concerns the railway 
companies alone. Parliament in passing 
railway Bills realises the need of a secretary ana 
treasurer only (althou|;h the posts may bo 
combined by one individual), the former to 
keep the records and registers, and the latter 
to responsible for the cash. 

The general duties of these statutory officers 
are clearly defined. The secretary attends all 
board meeting, and makes record of the business 
done. He signs and issues stock certificates 
and transfers of every kind, executes mortgage 
bonds, agreements, and all manner of dee^, and 
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kis name often aiypears at the foot oi the com- 
pany’s advertisementB for tenders, notices of 
sharraolders’ meetings, and schedules of the 
bylaws exhibited for public information. The 
secretary, in diort, is me le^al representative of 
a railway company, while m most matters of 
policy, 8^ in all those of finance, he is the 
adviser as well as recorder. Secretaries are the 
diplomatists of the railway service. In some 
instances, a secretary combines the duties of 
treasurer ; but with the mat companies the 
treasurer’s is a separate department, which is 
subdivided, as shown in the diagram. 

The Treasurer. The treasurer controls 
the management, collection, and expenditure 
of the company’s revenue and is responsible for 
all the incoming and outgoing moneys to both 
the shareholders and the State ; therefore, he 
must be supplied with the most detailed infor* 
madon regarding receipts and expenditure from 
every source, together with detailed statements 
of the company's liabilities. His right-hand 
men are a chief accountant, an expenditure 
accountant, an audit accountant, a registrar of 
stocks and shares, and a chief easier. 

Besides keeping and checking the accounts, 
the treasurer is charged with the preparation of 
all financial statistics required by the Board of 
Trade, statements furnished to the assessor of 
railways' for valuation roll purposes, and those 
supplied to the Income Tax Commissioners — in 
short, all statements which in any way affect the 
financial concerns of the company. The de- 
partmental staff of the chief accountant of a great 
railway company, whose half-yearly balance- 
sheet runs into several millions of pounds, is 
a vast organisation of itself. It comprises 
scores of travelling auditors and bookkeepers, 
and a regular army of clerks engaged in 
recording and checking numberless fhiancial 
transactions. 

Railway Revanue. A railway company’s 
revenue is denved from a variety of sources. 
The primary business of a railway is the 
transportation by rail (1) of passengers, (2) of 
goo^. Under the receipts from passenger traffic 
are included not only the fares paid by ordinary 
passengers and season-ticket holders, but also 
the money paid for the conveyance of excess 
luggage, mails, parcels, carriages, horses, dogs, 
etc. Goods traffic receipts comprise the pay- 
ments made for the transport of minerals, 
general merchandise, and livestock. 

In additbn to the above traffic receipts a 
railway company enjoys a large revenue from 
miscdlaneous sources — such as steamboats, 
canals, docks, house r^ts, tolls, hot^ refresh- 
ment catering, etc. A renuu^ble feature of 
]^tiah railways is the large amount of capital 
sunk in steamboats, docks, hotels^ etc., ana 
large amount of numey spent on purpeaes 
entirely outside the working of trai^ The 
companies which indulge most in these ^^side 
shows,” as they are tonsied, are the 
the Great Cent^ and the iMdm and South- 
Western. At present Ihere k a strong piedi^- 
tion on the part oi railway oom^piniks either 
4m 


to buy up exktiim docks, or to build new ones, 
and to establish wets of oross-ohaiinel passenger 
and cargo steamers. Hie Great Northern 
f umkhes the most striking instanoe of a railway 
company which has always steadily adhered to 
the principle of confining its business, as far as 
possible, to traffic by rail 

Stores Department. The stores depart- 
ment forms Ihe commercial arm of the service. 
It is said of the chief storekeeper that he is the 
only railway officer whose principal qualification 
is that of a merchant ; yet, while ne needs no 
special railway service, he can be trained 
nowhere else. In the stores every conceivable 
requisite for railway working is found in stock, 
from the rails, sleepers, and olum for the 
permanent way and the fuel and oil for the 
locomotive, down to the sponge cloths used in 
cleaning, toe tools with which all repairs are 
execute, and the soap and towels wmch the 
passenger finds in a lavatory. All departments 
are dependent upon toe storekeeper’s vigilance 
and readiness. He has to be a specialist buyer 
of everything, at one moment bargaining 
with a steelmaster for rails, at another with a 
clothier for the supply of cloths to guards’ and 
porters* uniforms. Then, he has closely to 
observe the daily prices of all commodities that 
fluctuate, so as to place contracts in the 
cheapest market. When he has completed his 
contracts he must see that the goods are supphed 
in toe quantities ordered, and subject the latter 
to tests for quality. After this, he is responsible 
that they are dktributod throughout toe system 
where they are likely to be wanted, and can be 
got at without delay. But he not only buys 
and distributes, he also sells all old or worn- 
out materials— sleepers, telegraph posts and 
wires, rolling stock, fittings, etc.-— again watch- 
ing the market to judge of toe be^ time for 
disposing. 

The Legal Department. Eveiy im- 
portant railway company has its own legal 
department, ^e chief solicitor is toe directors’ 
principal legal adviser on matters of policy, 
and he or his qualified assistants are at all 
times accessible to the officers of every 
department. The legal department is, as a 
general rule, pretty sharply divided between a 
staff of assistant solicitors for Parliamentary 
work ; another staff of assistants experienced 
in conveyancing, in respect of the company’s 
landed interests ; and another staff learned in 
Common Law, who deal With the constant crop 
of matters in connection with claims, outstanding 
accounts, demurrage, and prosecutions for 
breaches of bylaws, and touas. 

The Traffic Department. The normal 
oigankatkm of a . British railway company 
fumkhes toe general manager, as head of toe 
traffic department, with two trasi^ Heutmants 
in toe persons of a chief goods manager, and a 
superintendent of the line. The firit-Bamed has 
two assktaats, one lor outdoor working, and 
another to the indoor, UMdudbu the 
of rates, while oooaaioiialfy a tofisd aekataat 
•-a mineml traffie manager— k added. The 



mperintendent of the line deals with the working 
of*the trains, both goods and passenger, and 
controls every factor pertaining to the move- 
ment of the traffic, except the supply of the 
necessary locomotive power. 

It is impossible to consider the working of the 
passenger traffic altogether apart from that of 


traffic, and all traffic carried by passenger trains, 
termed “coaching traffic.” 

How vast and far-reaching in its scope is the 
organisation of the superintendent of we linens 
depaitment may be judged from the accompany- 
ing diagram [2]. For the commercial adminis- 
tration of the goods and mineral department. 
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2 TYPICAL ARRANGEMENT OF STAFF AND DUTIES — OFFICE OF SUPERINTENDENT OF THE LINE 


the goods, as every kind of train has to be 
accommodated to a great extent upon the same 
lines of rails. 

Superintendent of the Line. Therefore, 
the superintendent of the line is the absolute 
head of everything connected with the move- 
ment and handling of the trains, both 
passenger and goods, and is in rharge of all 
stations, except big goods yards. His operative 
duties are as follows: the control of every 
individual in the traffic department, including 
the shunting staff, responsibility for providing 
a sufficient service of passenger and goods 
trains, and for their economical working, for 
the safety of the working, and for the staffing 
of the trains. Then, the preparation of the 
time-tables, both public and working, and all 
matters concerned with the appointment, super- 
vision, and promotion of the traffic staff are 
in his hands. Further, he travels with and 
takes charge of Royal and other extra-special 
trains. But his duties are not confined to the 
operative side of the traffic working. He is also 
responsible for the commercial side of the 
passenger traffic — that is, the securing and 
charging for ordinary passenger and excursion 


the entire railway system is divided into districts, 
under district goods managers, each of whom has 
a station agent (who is of equal rank with the 
stationmaster) and a town agent, together 
with a staff of canvassers, clerks, foremen, 
checkers, loaders, carmen, etc However, in 
less important districts, it may be possible to 
dispense with the services of a district goods 
manager, in which case the district superinten- 
dent becomes responsible for both passenger 
and goods working. Likewise, at small stations, 
the stationmaster acts as goods agent as well. 

At stated intervals, “ officers’ conferences ” 
are held at the company's general offices. These 
conferences are attenaed by the chief officers 
at headquarters, and by the whole body of 
district traffic superinten^nts and district goo^ 
managers. But the conferences are kept distinct 
— ^namely, traffic and goods, with the general 
manager presiding over each. 

New System of Organisatlofi. As 
already stated, the foregoing is the normal 
organisation ; but certain companies have 
recently struck out a fresh line, which closely 
folbws the American practice. With the old 
system of organisation, it is alleged that the 






f aoctioius of tlie goods nuuiagm and dktriot 
superintendents overlap one another at several 
points* and that the superintendent of the line’s 
department is handicapped in the efficient plan- 
making and disoharne of its teohnioal duties lor 
the economioal handling of traffic by reason of 
its incorporating such essentially commercial 
features as parcels* advertising, canvassing, etc.t 
and being burdened throughout with an excess 
of office work. The new idea is to effect a 
complete severance of the commercial and operat- 
ing branches throughout the traffic department. 
In the beginning of 1902* the North-Eastern 
Railway reorganised its traffic management on 
these lines* and the Great Northern Railway 
soon followed suit. The following is a precis of 
the new arrangement. There are three chief 
officers — viz. : 

1. The general svperiniendei/Ut who is charged 
with the movement and handling of traffic 
everywhere* and in every shape or form ; and 
supervising the use of the company’s telegraphs 
and telephones. 

2. The chief goods manager, who is charged 
with the administration of the department of 
the company’s business connected with the 
securing and charging for merchandise, live- 
stock, and mineral traffic 

3. The chief passev^er agent, who is charged 
with the administration of the department of the 
company’s business connected with the securing 
and charging for all ordinary passenger and excur- 
sion traffic, and all traffic carried by passenger 
trains termed coaching traffic preparing, 
printing, and issuing tickets ; advising the general 
superintendent as to the needs of the train 
service ; collecting and distributing information 
as to trade movements and developments ; 
supervising and controlling the booking and 
parcels office 

Subordinate Officiala. These three 
officers are responsible to a general traffic 
manager, and each has an organisation of 
subordinates, giving a carefully arranged system 
of devolution. Thus, with the North-Eastern 
Railway, the general superintendent has three 
divisional superintendents* below whom come 
nine district superintendents. The chief goods 
manager has six district goods managers* and 
to the chief passenger agent are allotted three 
district passenger agents. 

With the Great Northern Railway, the arrange- 
ment is precisely the same, save that the general 
superintendent is assisted by a high official* 
known as the superintendent of the running 
department. 
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Suporlateifcdmt of RimaioB P op a r t* 
moot. The duties in eomieotion with the 
section under the immediate control of the 
superintendent of the running department ore 
as follow : 

1. Selects and controls yard and platform 
inspectors* foremen, guards, brakesmen, r^nal- 
men, and shunters* employ^ exclusively in the 
running or working of trains. 

2. Ananges and controls the working of all 
passenger, goods, and mineral trains* and of all 
shunting in yards. 

3. Arranges with rolling stock controller as to 
provision of carriages* waggons, and sheets 
required for working the traffic. 

4. Arranges working of all dining cars. 

5. Arranges with locomotive department re- 
garding engines required for traffic purposes. 

6. A^anges with signal inspector regarding 
ordinary matters of traffic working ; proposals 
for alterations of, and additions to* Imes, stations, 
sidings, etc., and other special matters to be 
submitted through general superintendent. 

7. Controls fog-signalling arrangements. 

8. Reports upon all accidents, including cases 
of injury to passengers, employees, horses, cattle* 
and livestock. 

9. Deals with cases of damage to rolling 
stock. 

10. Supervises the cleaning of all rollmg 
stock, also of cattle-pens. 

11. Prepares and issues working and public 
time-tables and all notices with regard to the 
proper and safe working of the line. 

12. Deals with correspondence from the 
pubhc relating to the workmg of trains. 

Clerical Staff. As a principle, the super- 
vision and control of the clerical staff* together 
with the cartage arrangements in the provinces, 
fall to the commercial section* and that of the 
outdoor staff, including the staff employed in 
the goods sheds and warehouses* to the operating 
section. Exception is made, however, in the 
case of clerks whose duties are confined entirely 
to matter connected with the operating section 
and any members of the uniform staff speciailly 
employed in the commercial section. 

Engineering Department. The chief 
(civil) engineer is at the head of two important 
branches — ^namely, one for maintenance of 
existing Hnes and works* and one for oonstruetkm 
of new works. His assistant engineer, for main- 
tenance of permanent way and existing wotks* 
has under him a quota m divisionid engineers, 
and* if neoessmy, a canal engineer as well, while 
the subordinates of the former are the district 
engineers* draughtsmen* chief inspectors, sub- 
inspectors* foremen gangers, and platelayers* and 
relayers* artificers, carpentm* masons* etc.* with 
their respective foremen. It may be added that 
when platelayers are engaged in fojg-signalling, 
they pass under the junsdiction of i& traffic 
department* as represented by the superin- 
tendent of the line. His second assistant* the 
engineer for new lines and works* takes charge 
of operations once the plans have been prepaiw 
by the chief engineer* or* if the services m a con- 
sulting engineer shoidd have been requinitioned* 
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have been approved of by the latter. He 
has under him resident engineers, who, as 
the name implies, supervise operations on the 
spot, and are provided with assistants and 
draughtsmen. As a rule, the construction of a 
heavy length of line, harbour, or large station 
works, etc., is entrusted to a contractor, who 
carries out his task under the superintendence 
of the company’s engineer for new works. 

Locomotive Superintendents. We 
now pass on to the locomotive superintendent, 
whose duties embrace the designing and building 
of suitable locomotives for the various classes of 
traffic — for instance, express passenger, goods, 
suburban, “ mixed,” etc. — the maintenance and 
repair of engines, and the administration of the 
running department. In designing his engines, 
the locomotive superintendent, of course, takes 
his cue from the traffic department, which keeps 
him informed as to any projected increases of 
load and speed. His right-hand men are, first, 
an assistant locomotive superintendent, who is 
virtually in charge of the running deparinn‘nt ; 
secondly, a works manager, since most railway 
companies have their own engineering shops, 
where the locomotives are built. If a company 
go to private firms of locomotive builders for 
engines, the latter are still built strictly accord- 
ing to the specifications picpared by the loco- 
motive superintendent Below the assistant 
locomotive superintendent come the district 
locomotive superintendents, one or more loco- 
motive accountants, and a staff of draughtsmen. 
This, in turn, brings us to the men who keep 
i ngmes in repair at the running or steam sheds — 
tonmicn fitters, together with smiths of various 
descriptions ; and the men and youths who 
]irepare them for the road — coalmen, lighters- 
up, sand-driers, cleaners, washers-out, and 
bar- boys. 

Chief Mechanical Engineer. As a 

general rule, the locomotive superintendent 
IS no longer known by name as such, for 
he has blossomed forth into a far more 
important personage, with the title of chief 
mechanical engineer. In old days, the chief 
(civil) engineer was responsible for everything 
of a mechanical nature, and therefore had 
charge of the company’s steamships, stationary 
engines, turntables, hydraulic installations, 
water-columns, etc. ; whereas now it is the 
fashion to divide the department into two, 
respectively under a chief mechanical or dynamo- 
mical engineer, who deals with all moving 
machinery whatsoever, and a chief civil engineer, 
who may be said to be responsible for all 
machinery that does not move. 

The smaller companies entrust the designing 
and building of carriages and waggons to their 
locomotive superintendent. More important 
companies have a distinct department for the 
purpose, under a carriage and waggon cem- 
structor ; and the London and North-Western 
Railway finds it necessary to have both a 
carriage and waggon department, the works of 
the former being situated at Wolverton, and 
those of the latter at Earlestown, while the loco- 


motive works are at Crewe. The carriage and 
waggon constructor has his own works man- 
ager, assistant superintendents, and draughts- 
men, and his responsibility extends outside the 
works to the men who examine, repair and 
clean the vehicles all over the line. 

Electrical Engineer. Modem conditions 
have added yet another highly-placed official to 
the engineering side of u railw^ay in f ho person 
of a chief electrical engineer, who undertakes 
the maintenance of the power-houses and plant 
employed for traction on electrically operated 
sections of the lino, and generating the current 
for lighting stations, goods yards, and offices. 
In addition, he advises or is intimately connected 
with the management of the signalling and 
telegraph department, as regards the role played 
by electricity in various kinds of signalling 
apparatus, and again, has charge of the arrang'^- 
ments for th^* lighting of passenger trains by 
electricity. 

Signal and Telegraph Departmenta. 

The signalling and telegraph department proper 
is usually reckoned to fall within the scope of 
the chief civil engineer. Nevertheless, it pos- 
sesses an organisation of its own, beginning 
with a signalling superintendent, and extending 
through a long chain of subordinates — namely, 
assistants, draughtsmen, signal inspectors, tele- 
graph inspectors, fitters, signal linemen, and 
telegraph linemen. 

Other Departments. The numlier of 
horses employed by the principal railway com- 
panies in “ collection and delivery,” and also 
(though in a toadily diminishing quantity) for 
shunting purposes, runs into maiw thousands. 
For example, the studs of the l^ndon and 
North-Western and Midland companies each 
include over 5,000 animals. This department is 
presided over by a horse superintendent, aided 
by an assistant superintendent, a horse buyer, 
and a staff of veterinary surgeons, together with 
inspectors of horses, provender, and stores. 

The companies that own fleets of steam- 
ships and docks require the services of a marine 
superintendent, who exercises control over dock 
superintendents, ship captains, and officers, sea- 
men, wharfingers, and dock labourers. 

Now that so many companies possess hotels 
and also own the station refreshment-rooms, yet 
another department has been added to the 
headquarters administration — namely, that of 
the hotels and refreshments manager, with a 
staff of resident managers and cashiers. 

Railway companies are empowered to let 
houses and lands of which they are the owners, 
and of which they may not require the use at 
the time. These circumstances call for the 
services of an estate and land agent, whose 
subordinates comprise surveyors, rating agents, 
assistant agents, and district agents. Lastly, for 
the better protection of their customers’ interests 
and to conduce to the maintenance of good order 
within the precincts of stations, the companies 
have their own staff of police inspectors, detec- 
tives, and constables, commanded by a police 
superintendent or chief detective officer. 
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abmty to oondenBe a long report into a short 
one 'Without saoiifie^ vital points ; a genius 
for patting things in the most striking wav; 
an excellent memoiy; a great contempt for 
verbosity or “wordiness and a hundred other 
things which anfy experience can reveal to him. 

It is not easy to make up one's mind which of 
these qualities, if any, is the chief. The ideal sub- 
e^tor has all of them, and he could hardly point 
to an^ one of them and say, “ I owe my success 
to this,” “ I owe my success to that.” The man 
who will succeed as a sub-editor will do his utmost 
to train himself in all these varied ways. It can 
hardly be doubted, however, that journalism is 
developing along l^es which make it more and 
more essential lor sub-editors to be alert and 
keen not only for new facte about things, but for 
new aspects and new theories. It is interesting to 
know that a prisoner has escaped from prison, 
but it is much more interesting to know how he 
escaped. It is interesting to know that a great 
business has been ruin^ ; it is much more 
interesting to know why. 

How to Deal With News. If there has 
been a railway accident, it is more than likely 
that the most interesting thing in connection 
with it will be by no means the most obvious. 
The number of victims, though it adds to the 
sensation of the news, is not of any essential 
interest. It is terrible to know that fifty people 
lose their lives in a moment ; it is a much more 
intense and dramatic thing if the accident wan 
caused by an overworked signalman falling asleep 
after sitting up for a week at his little girl's 
deathbed. A terrible railway accident has just 
happened as this is being written, and one of the 
accounts brings out a striking picture of the train 
waking up the whole town as it dashed through 
the station and fell down an embankment. No- 
thing in this appalling story is more impressive 
to a journalist than the thought of this train 
waking the sleeping country town at mid- 
night. 

The sense of proportion is a vital possession. 
It is one of the faculties that no sub-editor can 
do without. He must, of course, learn to adjust 
it to his paper ; he must, that is, realise that a 
proper pro^rtion of news in one paper may be 
an absurd msproportion in another. Obviously, 
if he is on the Daily News the meetings of 
the Free Church Congress 'vrill be of much more 
importance to the readers of his paper than the 
meetings of the Primrose League, but the pro- 
portions would be quite reversed if he were on the 
Mobkino Post. But he must learn a much 
more important thing than this. He must have 
the pft tor discovering what is interesting to the 
pubtic, and of putting these things, as a shop- 
ke^r 'would say, in the front. 

The Paper must Look Intereetliig* 
We come into touch here with the real genius 
of sub-editing. There are two supreme twts of 
a newspaper : Is it interesting ? Does it look 
mteresting? The first is the butinew of the 
editor; mtimately the responsibilitv lor the 
interestingness of a paper lies with the man at 
the head. It is the editor-in-chief, with the 
news editor, who dsrects the supply of news 


which the sub-editor must deal with. Whether 
the mattw is interesting or not is not a 
question for him. His concern is entirely with 
the treatment of it. He must, of coarse, decide 
upon the comparative interest of various items, 
and apportion them space accordingly, but his 
work ties with the matter supplied to him and 
not beyond it, so that in reality the question 
whether the paper is interesting or not depends 
upon the editor ; he may have ideal sub-editors 
and his matter may still be dull. 

But it is the sub-editor's own fault if his 
paper looks dull. How often are we attracted to a 
shop window by a bright display, only to find on 
a closer view that its contents do not interest us 
at all ! The window-dresser has done his work 
well ; he has been better than his master. The 
simile is so expressive that it seems hardly 
necessary to say any more. The sub-editor who 
remembers all the time that he is dressing a 
window will not go far astra}^. He must, of 
course, remember that even a window-dresser 
has responsibility. He must never deceive his 
readers by a heading which is misleading, any 
more than a draper must put superior articles in 
his window to advertise inferior articles inside. 
He must remember that in these days the busy 
man casts his eye rapidly over the paper, and 
often obtains his impression of the news of the 
day from the headings only. 

News Without Views. More and more 
are headings becoming little summaries of what 
follows, and the sub-editor should be careful 
that his headings do not convey a false im- 
pression. A very striking case in point comes 
to mind. The proprietors of Punch appealed 
against a decision in a libel suit in which 
Punch was involved, and the appeal failed. 
The sub-editor was right in realising the interest 
of the case, but his stren^h was not in his 
(hscretion, and ho headed the case Punch 
Fails. It would not have been surprising to 
have heard a reader of that paper say to a friend 
at lunch that day, “ I see that Punch is liank- 
rupt,” and one is glad, for the sake of the sub- 
editor and his paper, that Mr. Punch is such a 
meny man. The experienced sub-editor is 
keenly aware of the subtlety of temptation, and 
it is not the easiest thing in the world te write 
headings which shall go as far as they legiti- 
mately may go, and not a hair's breadth farther. 
It is not merely the risk of libel that must bo 
guarded against, but the risk of conveying 
misstatements and false impressions. 

Most of all the sub-editor, in writing headlines, 
should guard against the pernicious habit of 
importing opinions inio headings of merely 
news events. It is quite legitimate for him, and 
may be his duty, to remember that his paper has 
certain views, but his first concern is not with 
these. In dealing with news the sub-editor 
should have no views ; he should know no 
politics. He mav believe that a certain man is a 
scoundrel, but if the man dies he must not head 
the news of his death Death ot a Scoundrel. 
Yet things are done by sub-editors quite* as 
careless and qiate as as that wodld be. 
Such things are not only bad journalism, but 
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bad policy. A newspaper is first of all a ooilveyer 
of news. It should be possible for a man of any 
views to buy it, to be interested in it, and to 
obtain from it a fair immession of what is 
happening in thp world, ^e sub-editor who 
forgets ms duty by introducing bias into news 
is an enemy to his paper and his profession. He 
alienates the vary important section of the 
readers of his paper who do not believe in the 
paper’s politics but who buy the paper for its 
news, and he encourages a practice which would 
make journalism the tool of propagandists and 
parties instead of a living history of our times. 

The Wrong Sort of Headings. The 
sub-editor will find it all too easy to blunder 
in headlines. He will find himself late at night 
with a heap of telegrams through which ho 
must run quickly lest they be too late for 
press, and he will catch sight of some word or 
phrase which, in his haste, he will seize upon 
for a heading. .The result will be what often 
happens, that we find ourselves reading a para- 
graph which has no real relation to the headline 
which attracted us. An actual example may be 
more helpful than any advice. 

In a London paper the other day was a report 
from which it ap^ared that a pauper m London, 
who was chargea with assault, had been in the 
'workhouse since he was two years old, and that 
in 1883 he was sentenced to penal servitude for 
tiying to set the workhouse on fire. This para- 
graph was coupled with another, not to be 
compared with it in interest and importance, 
from which it seemed that a violent pauper had 
spoken of a workhouse as ** a British Bastille.” 
A good journalist will find it difficult to believe 
that an important London daily paper headed 
these two paragraphs Alleged British Bastille. 

A Sub«editor'a Sin of Omission. 
Let us examine the heading. It was, in the 
first place, bad sub-editing to couple the para- 
graphs. The second paragraph wm unimportant, 
and should not have been allowed to detract 
from the remarkable interest of the first. Bui, 
this mistake having been made, nothing could 
be more ridiculous than to select the heading 
from the second paragraph. The result of this 
was that (1) the first and most interesting para- 
graph was overlooked, and (2) the crazy nonsense 
of a crazy pauper was treat^ with all the respect 
and dignity due to an expression of opinion by, 
say, I^rd Kelvin. It is ridiculous to suggest 
that there is anything like a British Bastille 
because a pauper says so. 

But it is doubtful if the sub-editor’s sin of 
commission, serious as it was, was half so great 
as his sin of omission. The first para^aph was 
intensely interesting, and the sub-editor failed 
entirely to see the point in it. It is true that the 
report was faulty, in that it did not give the age 
of the pauper, which was an important fact ; 
and the sub-editor, if there had been time, should 
have discovered his age. That, however, may 
be left out of account, for the paragraph bore 
inherent evidence thkt the man had been in the 
wotkhouse since he was two, a totid of at least 
forty years. He was, surely, the most interesting 
figure in that day’s papers — ^a man who had 
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lived forty years without a penny of his own, 
who had never done a stroke of work in his life 
except when he tried to set on fire the home 
with which a philanthropic nation provided him. 
That is the fundamental idea of the paragraph, 
a human document of the greatest interest, lost 
to the paper through bad sub-editing. 

The Inaccurate Heading. It is not 
possible to discuss at equal length all the other 
points that come up in considering headings, but 
we may glance briefiy at a numl^r of headings 
taken at random from various papers. Here 
is one. 

Life on Fourpencb a Day. 

Paupers Whose Keep Costs but Jd. More. 
Nothing could be more absurd than this. The 
paragraph explained how certain people lived 
on 4}d. -a day, and the sub-editor, straining 
for a heading, framed one containing a mis- 
statement and demanding an explanation. It 
was as if, for the sake of round figures, he had 
headed a war telegram 

A Thousand Killed in Battle. 

An Engagement Costing only 43 Lives Less. 
Headings should never need to be explained. 
If they are not clear at a glance they should not 
be usm. It is easy for a sub-editor to become 
so engrossed in an article that one idea stands 
out prominently in his mind, and to “head” 
the article as though it consisted only of this idea ; 
and the result in that case might be that the 
heading, though fitting a special interpretation of 
the article, was obscure to nine readers out of ten, 
and possibly to the author of the article himself. 

The Dangerous Heading. Here is an- 
other example of a heading which no editor 
should allow. 

Germany’s Isolation. 


“Inevitable” War with England 


“ A Piece op Stupidity.” 

It cannot be doubted that the effect of this 
heading is to create an impression that war 
between England and Germany is ine'vitable. 
But we know' that the sub-editor meant nothing 
of the kind ; he meant that it is a piece of 
stupidity to say that war with England is 
inevitable. And yet the vast difference between 
these two meanings is allowed to rest on the mere 
absence of a full stop at the end of the second 
heading. This is unpardonable. There was, 
in the first place, a rule between the lines, 
and a rule in the middle of a sentence is 
absurd ; and, in tho second place, the mere 
absence of a full stop is a slight method which 
might be duo to an accident, and in any case is 
quite common in headlines, and should never 
^ relied upon in circumstances such as these. 
This heading conveyed to thousands of readers 
an impression exactly opposite to that which 
tho paper desired to convey. 

The danger of conveying wrong impressions 
by carelesidy written 'heamngs was illustrated 
in another paper reporting the death of a Belfast 
gentleman while exploring some famous cliffs. 
Seizing on the word exploring,” the sub-editor 



Imded the feport in big type Exflobsb Killbi]^ 
leading one to expect tihiat some other Stanley 
or Livingstone h^ come to an untimely enoL 
As a matter of fact, however, the gentleman was 
not an expbrer at all, but a manufacturer, 
and all the exploring he had done was the sort 
of exploring we all db when we go to Hastings, 
or Brighton, or the Lakes, or anywhere el^, 
for a holiday. 

The Misleading Heading, An even- 
ing paper which does not often sin in this 
respect led its readers astray not long ago 
widi a heading Fbsb Pobtaob for Members 
in its Parliamentary report. The impression 
conveyed — ^that members of Parliament were to 
have the privilege of free postage — ^was not con- 
firmed by the subject matter ; a question had 
mereW been asked in the House. It is easier 
to defend this heading than some of the others 
we have considered, but there is a subtle error 
in it which sub-editors should always avoid — 
the error of leading people to imagine that a 
thing is a fact when it is merely a subject of 
discussion. 

Another kind of heading to be watched is the 
joint heading which covers two things. One of 
the wittiest headings that has ever been written 
appeared in a London evening paper once 
when the House of Commons had an all-night 
sitting. It happened that a1 the same time 
the Great Wheel at Earl’s Court stuck fast, its 
passengers being ** held up ” all night, and the 
Htar posted London that day with the words : 
TttE House Still Sitting ; The Wheel Still 
Sticking. There was an idea linking the two 
events which made excellent “ copy ” But the 
double heading is not always so happy ; it was 
distinctly bad, for example, in a Parliamentary 
report concerning two separate subjects — 
cheaper postage for parcels and grants for 
necessitous schools. One question happened to 
follow the other in the House of Commons, and 
the sub-editor, coupling them, headed the report 
Cheaper Parcels and NEgEssiTous Schooi^s, 
leading the reader to wonder what subtle 
necessity could arise in poor schools for a 
speciaUy cheap parcels post. 

The Feeble Heading, The sub-editor 
must beware of giving undue importance to a 
trifling incident. The magnifyi^ of trivial 
things, or the drawing of large deductions 
from slight incidents, is perilously near what 
is known in the newspaper office os ** faking,” 
an offence which puts the offender outside the 
pale of honourable journalism as a lie puts a 
man outside the pale of honourable society. 

Faking ” is the invention of news ; a ** fake ” 
is a newspaper lie. 

The Bub-^tor should beware, too, of sffcffi 
feebleness as that displayed in a |>aragraph quite 
unworthy of the paper in which it appeared not 
long ago. A fire, in which three persons lost 
th& lives, occurred in London at Easter, and the 
inquest took place on Wednesday of Easter week. 
Following the report in a morning paper was a 
paragraph with a heading R emarkab le Coin- 
oiDBNOB ; a paragra;^with no other substance 
than the fwt that on Wednesday of Easter week 


in the previous year also an inquiry was held in 
London into the deaths of three persons as the 
result of a fire. Nothing could well be feebler 
when we remember that fives are lost by fires in 
London almost every week ; that Easter week 
could hardly ever pass without such an event; 
and to speak of such a commonplace as a re- 
markable coincidence is onlv to deprive oneself of 
the power of description when something really 
remarkable does happen. 

The Legitimate Heading, But the 
candidate for sub-editing will study the pa^rs 
for himself, will re-write headings as often 
as he can, and will loam the art of mak- 
ing them short, direct, and comprehensive. 
There is, of course, a display of headings that is 
perfectly legitimate, and, iimeed, desirable. The 
days of the old journalism are dead, and the 
papers which cling to its traditions aie dying. 
They are not, at any rate, the papers of the 
future. The interesting and enterprising papers 
of to-day are so familiar to us all that there is 
no need to single them out, and the jouinalist 
can study them as often and as much as he likes. 
He can compare the papers with old-fashioned 
headings, which still give a column of interest- 
ing matter under one uninteresting headime, 
with the papers which make their articles at- 
tractive ; ana he can choose which he likes best. 

He has only one choice, however, if he is to 
make his way as a sub-editor. There was 
admirable wit and meaning in a conversation 
the writer overheard in a restaurant in London. 
Two men were discussing newspapers. One 
thought the 'ximes uninteresting There were 
no headings to guide him, and so on. “ The end 
of the world might corner,” he said, “ and if you 
took in only the Times you would never know 
it.” It is the businoss of the newspaper to tell 
its reader what has happened, not to compel 
him to search for the news with a microscope, 
and the newSMjjMr which puts away the an- 
nouncement of Me end of the world in a comer 
will abundantly deserve its doom ! 

The American Heading. It is not, of 
course, desirable to follow the example of the 
American sub-editors, whose papeiB are made 
intolerable to English journalists by columns 
of headings which are a disgrace to the 
King’s English. Bridge Jam Worst Ever was 
one of these; it was the sub-editor’s way of 
saying “The Worst Bridge Accident on Record.” 
But the line between the extremes is not difficult 
to draw, and the instinct of the true journalist 
will lead him aright. 

We may sum up all that is to be said about 
headings, perhaps, in one or two words. If we 
have to choose as sub-editors between making a 
dull article look interesting, or making an inter- 
esting article look dull, we must make the dull 
article look interesting. The days when people 
read everything have RRd every reader 

has become an editor. Every person who reads 
a paper edits it for himself. He will read only 
what appeals to him, and only what appeals to 
him al once. He will not sit down to make 
his mind whether to read an article or not. He 
makes up bis mind at once when he sees the 
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heading, and the pai^ which is full of good 
matter with bad headings will not be read 

The Ideal Heading. The ideal beadii^ 
is interpretative as well as descriptive. It is 
an idea rather than a phrase, or, better still, 
it is both. It strikes the mind at once. It 
does not call for any mental searching, or for 
dictionaries. It is plain to the man who runs. 
It is never misleading, but it need not be 
severely narrow. It n^ not be without imagi- 
nation. It is suggestive, and may egress with 
freedom not onl^ the facts in the article but the 
thought behind it. It is written in the lan^agC 
of the people, and not in narrow terms of science, 
or theology, or great learning. 1 1 is wide, and free, 
and clear, yet definite and not vague, accurate 
and not ambiguous.* It puts a thing in the 
way in which it will appeal to the largest number 
of people among those for whom it is written. 
The hope in the journalist’s mind when he writes 
it is that it may impress itself so vividly upon 
the minds of those who read it that they will 
not casually pass it by. It takes the line, not 
of least resistance, but of widest acceptance. 

The heading of articles does not, of course, 
by any means comprise the whole of the sub- 
editor's work, out it is probably the most im- 
portant side of it. We have, moreover, devoted 
special consideration to the subject because a 
full understanding of it implies a general capacity 
for sub-editorial work, and in treating of head- 
ings we have been able to consider incidentally 
many aspects of sub-editing. 

Kinds of Headings 

The sub-editor should make himself familiar 


with all kinds and sizes of t 3 rpes, and with all 
forms of headings. There are many kinds of 
headings. The main title of an article is called 
the heading ; the remaining titles are au5- 
headincB. llie heading of this paragraph is 
a side-head, standing above ^ matter ei^er 
to the left or richt of the colunS The ordinary 
paragraph headings in the Selt-Educatob ' are 
run-on side-heads, forming part of the first line 
of the paragraph. The heading of the next 
paragraph is a cross-head, standing above the 
matter in the centre. The other specimen 
shown is a cut-in side-head, let into the para- 


graph in a square space two or three lines deep, 
llie general page headings to articles in the 
Educator are known as ^sr-headings, a border 


being placed round the type. 


This is a Cboss-Hbad 


Such headings have two objects ; they may 
be either finger-posts to the article or simply 
means of display intended to relieve the solia 
appearance of the article. *A simple way of 
rdieving the heavy appearance of solid type, 
often a£>pted in speeches, or stories, or desenp- 
tive sketches, is to mark a number of pointed 
phrases at convenient distances for the printer 
to set as small cross-heads. This may done 


quite easily in fbe mgnner indicated at the 
end of this paragraph, and if the last words 
of a paragraph ore suitable for a heading it 
is much more convenient for the printers if 
these are selected. A smart sub-editor can 
very quickly give a solid column of matter an 
interesting appearance by making half a dozen 
[rni^s of Jbhis kind.] 

This Is Leaded type is type with blank 
a Cut-In spaces of varying thickness between 
Side-head lines, thus making it more easy 
to read, and it is usual to *46ad” articles 
of special importance in order to call atten- 
tion to them. The leadi^ articles in most 
newspapers are leaded. The size of type is 
governed by the relative importance of 
matter, and stock features occupying con- 
siderable space, such as commercial and sporting 
news, are usually set in smaller type than the 
rest of the paper. Small t 3 rpe is, as a nile, to be 
deprecated, and tlie type in which the Educator 
is set, known as bourgeois, is the usual size for 
magazine reading 

Office BooKs. In dealing with the copy 
tkat comes before him the sub-editor should 
bear in mind all that has been said in 
this course and all that is to be said. Only 
experience can teach him the various ways 
of dealing with copy ; the cutting down of 
an article five times as long as it should be ; the 
elaborating of an expensive cable which has more 
points than words, or the dealing with a tele- 
gram which has, unfortunately, more words than 
points ; the re-writing of an important piece 
of copy written without regard to order or ^am- 
raar or proportion ; the elucidating of obscure 
points ; the introduction of explanatory notes 
and comments. He will know all the reference 
books which the journalist must have at his 
elbow ; will know eveiy page* of Whitaker and 
Hazel : will be familiar with Haydn’s Dic- 
tionary OF Dates, with the most up-to-date 
encyelopsedia — at present the Harmsw<5rth 
Encyclopa'IDIa ; the index to the Times, and, 
of course, the inevitable and indispensable 
Who’s Who. Most of these and a score of 
other reference books are on the shelves of every 
well-equipped newspaper office. The sub-editor 
will have available, besides, the cabinet of infor- 
mation which every efficient newspaper main- 
tains on lines we shall consider later. 

He will find his work trying, involving an 
early beginning if on vm evening paper, or 
working until the early hours of the morning 
for a diaily paper ; and unless he is strong and 
able to concentrate int3iisely for a long period 
he should not become a sub-editor. If ^1 the 
conditions are favourable, however, he will find 
his work interesting, and if he does it well he may 
be certain of appreciation and advancement. 
A good sub-editor is assured of a comfortable 
living as long as papers last. 


Continued 
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sew soles The sewing machine, 
onginally mvented by Thomas 
Samt, an Englishman, m 1790, 
cave the idea upon which 
Lyman Blake worked m 
devising a maohme for 
stitching on soles Blake 
brought out his patent m 
1858, and for a time its 
imperfeotions were more ap- 
p rec la t ed 
than its 
merits ; but 
the Cml War 
gave Blake 
his oppor- 
tunity Boots 
were needed 
in a hurry for 
the armies the 
Noi them 
State? were 
ma^smg to 
hght the Con- 
federates, and 
though not 
e r f e e t , 
ake’s ma 
chine [85] 
could produce 
sewn boots 
wi);h great 
rapidity The 

origmal machine is thus desciibed 
machine is a chain-stitch sewing machine The 
hooked needle works tlirough a rest oi support- 
ing surface of the upper part of a long curved 
arm, which projects upwards from the table of 
the machine This arm should be of such a 
form a? to. carry the rest into the toe 
There is a looper m the rest, or horn, and this 
looper lies m the path of the needle with an 
eye The thread is 
led along the curved 
arm up through the 
looper and into the 
eye of the needle, 
tensions bemc on it 
Though thir first 
Blake machme pro- 
fessed to take the 
thread into the too of 
the boot, it was not 
quite successful, and 
in 1860 an improve- 
ment was added 
which obviated that 
defect 

Improved 8aw» 
ing Machine. As 

the sewmg maohme 
then stood, it could 
not be accepted as a 
substitute for the 
hand sewer. It was 
rather a substitute 
for the pegging 
machine. In 1862, 
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however, Au^st Destory invented a 
curved needle for use m sewmg 
machmes, and the American partner- 
ship, Qood- 
year and 
McKay, suc- 
cessors to the 
Blake firm, 
took hold of 
the idea, and 
brought out a 
machine 
which could 
sew the boot 
on the last, 
and imitate 
hand sewing 
British 
Machines. 
That IB the 
story of boot- 
makmg ma- 
chmery on 
the other ^ide 
of the Atlan- 
lic , but its 
history on the 
British side 
IS somewhat 
d 1 f f er ent 
Long before 
machinery 
f o 1 b 0 o t • 
making was thought of m \inenca, a Leicester 
firm had devised madimery foi the purpose, but 
the inventions u ore laid aside W ith plenty of 
killed labour at hand, the need for machinery 
was not keen Besides, the boot lequired for 
the British climate did not lend itself readily to 
machine manufacture For the American 
climate, boots lightly pegged and slimly sewn 
were the very thing, and for this < lass of boot 
the machines were 
adapted and speeded 
up Here wo have an 
explanation of the 
failure of bootmaking 
machinery in this 
country when it was 
brought over from 
the United States 
The American style of 
boot was not mtro- 
duced, but the ma- 
chmes were used for 
making ordinary 
strong boots, and the 
results were pitiable 
In a veiy short time, 
however, the machme 
manufacturers rose to 
the occasion, and 
mvented mcMihmes 
suited to Bntish needs 
ProgrcM. Year 
year meohamcal 
11 has overcome 
more and more all 
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the problems of bootmakiug, till, at the present 
day, a weD-eqnipped ftbctoiyr can produce boots 
that will stand comparison with the ordinary 
products of the craftsman. It 81 true, there will 
always remain a larm field for the band-made 
boot, and no one wfaoloTes his craft would wish it 
otherwise. No matter bow excellent the machine, 
it can never equal the skilled hand in special 
lines ; the higMt class of boot is the special 
work of a sj^ial man. But for the great boot 
market of me world, the public willing to wear 
boots short of perfect, at a fair price, the boot 
factory is the great source of supply. 

Number of Operatloae. As it stands at 
present, the boot factory is a fine example 
of the diviskm-oMabour principle in practice. 
For every detail there is a machine. The making 
of a boot-top, for exam]^, is a straightforward 
matter, but our machirat has broken up that 
process into no fewer than 16 different parts, 
each part with a machine special^ designm to 
perform that one act alone. Let ns take an 
instance. By smart wwk a bootmaker can e^let 
a boot in about a minute, but here is a little 
machine that eyelets boots at the rate of 100 
a mimite [87]. The saving of time is shinty 
enormous. All round the factory the same thing 
happens. By putting a machi^, or set of ma- 
chmea, to cany throng one simple detail, you 
hicimse peodn^lion and lesstm o€»t^ 

Tin Two Deportmoikla, The heel 
fntory, like the bootmaking trade, is divided 
mto two large divisions— the upper-mating and 
the bottoftthif departments. There are even fac- 
tories whisht nothing except make tops; bat, 
cnriou^ enough, there are no factories employed 
exekisi^p^f ht the soUng and heeling busmess^ 


and the question is, Where do all those boot- 
tops go ? We fear that a good many boot- 
makers buy machine-made tops for hand-made 
boots. This is no trade secret, but a fact gener- 
ally accepted, though it may not be widely mcown 
among the boot-buying public Bootmaking by 
maohmery is a succession of small details vmich 
may confuse unless we have a clear conception 
of the general plan of the factory Before under 
taking any piece of wc^k, therefore, we will go 
n^d the f^tory, look into it^rrangomont, and 
view the process of manufacture as a whole. 

The ** UpfMF *’ Department. The first 
division of t^ department is the cutting or 
oliokiQff room. The pattern is first cut in paper 
to the last [86]. Here boot-tops are being cut by 
the hundred If the factory of moderate size, 
one man is employed on each part of the top ; 
in very big factories groups of men act in tne 
same way, one group cutting out fronts, another 
group backs, another quarters, and so on. At the 
same time a smaller section of workers are busy 
outtinig out linings, bindings, and such things. 
Observe the system. A well-organised boot 
factory is arranged in a series of circles. From 
the store-room counter at this side the leathers 
and cloths are given out, and the materials seem 
to circle round the outting-room, and return in 
the shape of the various parts of boot-tops 
Having been inspected, the materials are passed 
into the machine-room. 

Machinery. The machine-room is a place 
of pretty machines, some of them small enough 
to go mto a man’s coat pocket. Here the circular 
motion is observed First the parts of the 
uppers are skived — that is, reduced in substance 
at the edges. This may also be performed by 
machinery [88]. After this and other preparation 
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rounding maolunes [48], each o! 
which consists of a travelling knife 
made to travel round a wooden 
pattern the size and shape of the 
insole or outsole as the case may 
be. The heavy rollers are for 
compressing the leather, and take 
the place of the lapstone of the 
older craft. Guillotmes for cutting 
the hides or butts into strips are 
also to be found in this depart- 
ment. Machines for levelling [46] 
the lumpy parts of! the leather are 
also plac^ in here. Sole moulders 
[44] are used for blocking the 
bottom stuff to the curvature of 
the lasts, so that when they are 
sewn they shall be in their proper 
position. The counters or stiffeners 
are skived and moulded to shape 
by the counter moulders [45], 
while the insole machines feather 
or bevel the edges so that the 
substance of the leather shall not 
hurt the foot or cut mto the 
upper. 

The other range of machines 
last the uppers to the bottoms, 
tack the soles into position, lay 
the soles flatly to the shape of the 


the parts are fitted or pasted together 
[89] to keep them in position while 
machming. Sometimes this is done to a 
shape like a last [40] so as .to give it a 
better shape and fit Linmgs and tops 
start on opposite sides of a row of 
machines, and move along from hand 
to hand, receiving additions and joinings 
at each machine, and then they meet, to 
be put together. In this shape the tops 
complete the circle [41], arriving at the 
other end as boot-tops ready for the 
bootmakers. 

Inspection. Before the tops go 
down to the makers they arc passed 
through the inspecting-room. This is a 
very important department in all machine 
factories. With a machine driven at 
1,000 revolutions a minute the worker 
has not time to stop and repair slips ; 
with the inexorable supply coming in on 
one side of her, and the continuous 
demand from the machinist on the 
other side, there is nothing for it but to 
go ahead. As a natural consequence, a 
small percentage of defective work is 
passed through, and must be checked. 

The Bottoming Department. 

Heavy machines are used in this depart- 
ment, and it is therefore planted, where 
possible, on the ground floor. The 
machines are grou]^ together in two 
divisicms, those usm for preparing the 
bottoms, such as presses [48], which are 
used to press or cut out the sole leather 
into shapes corresponding with the 
shApe of the bottom of the last ; sole- 42. cuttiko sonss UNbuE a dottblb 0PEX-ENi>aD pbbss 
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lost, and sew the soles to the insoles, 
rpb down the channels and relay the 
soles, build the heels, and perform 
many other similar processes. As we 
watch the process, we cannot help 
reflecting on the figure it presents of 
human social development, each 
generation taking the achievements 
of its predecessor, adding its quota, 
and passing the work forward. Beside 
each machine is a pile of stuff, and 
as the lasted tops come round another 
piece is added on, and sewn in place, 
and the boot is passed forward to 
another worker, who also adds some- 
thing. 

Finishing - room. From the 
making - up division the boots are 
taken into the finishing-room. Here 
there are machines that turn the heels 
into their required shape, revolving 
scouring-pads for giving them the 
requisite smoothness, and burnishers 
for imparting th^ high polish so much 
admired. The edges of the sole are 
trimmed to shape by the edge-trimmer, 
and set by an oscillating heated iron 
to prevent easy access of water or 
damp. The bottoms are scoured and 
stained and polished — all working 
swiftly on the boots and changing them from 
rather rough-looking things into finely-finished 
footwear. 

In following the boots we have unconsciously 
come out of the region of machinery into the 
quiet of ofiicedom again, and here the inspectors 
are silently going over the boots before the 
packers take them away. A peg has sprung, 
a welt has broken, the channelling has frayed 
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— any damage, small or great, is instantly 
detected, and the boot thrown out. As the 
boots are passed, the packers take them away, 
and they go to the market, wherever that 
may be. 

various Factories. From this sketch 
a general notion of the boot factory may be 
gathered ; but it hardly gives a full account 
of the trade. Some particulars must be added. 
Boot manufacture offers a wide and varied 
field to the industrious and persevering worker. 
Factories have been established for the making 
of one class of boots only. One factory that 
we know very well is employed in producing 
ladies’ fine boots, and that variety alone ; another 
makes children’s and youths’ chiefly ; and there 
are other works m which only heavy boots are 
made. Tliis specialisation, while it tends to 
restrict the worker’s experience, affords oppor- 
tunities to the young and enterprising man 
seeking to start in business. Matters have 
come to such a pass that the operative must 
swender all hope of acquiring a knowleclge of 
his whole trade in the factory. There is no 
injury, therefore, in the limit put upon his 
ac<|uirement by the specialisation of the trade. 
It IS to meet the need thus created that this 
work has been written. By technical study 
alone can the worker hope to rise above the 
position of a maohine-mindor, or detail labourer, 
and regain his status as a skilled craftsman on 
the higher plane offered by machine industry. 

The modern development of the factory 
system has tended to cheapen and improve ihe 
footwear of the medium quality grade. The 
excellency of the machinery used has given for 
the same value expended in shoes a better 
built article, and although tlm price of the raw 

mi 
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material has increased to 

haS^^pi^^ttle, if anything, 
extra for this owing to the in- 
mased facilities adapted for 
production. 

Science In BocrtmaKIng. 

The amount of science and art that 
can be, and is, ej^lied in modem 
shoe manufacturing would, 
upon investigation, surprise 
those who think there is 
noth^ much in shoe- 

per^ce The 

la^ are copied from 
models by a scientificidly- 
oonstmcted lathe with 
a proportkmal attach- 
ment like a pentograph 
to reflate the lengws 
and widths ; the patterns 
are out and scaled into 
sets by geometrical 
means wiw mathematical 
accuracy ; the variations 
caused the various 
substances of leather are 
calculated and applied 
scientific met 


i>y 

the skins are laid out to 
get the best economical 
results combined with a 
correct disposition of the 
material so as to produce 
boots and shoes that will 
endure the strain brought to bear upon them 
during wear ; and all through the various 
depaHments of the factory we find scientific 
methods in vogue in place of the empirical 
methods of 
the older crafts- 
men. 

The finishes 
and colourings 
of the bottoms 
are art pro- 
ductions, and 
much thought 
and skill are 
brought into 
play in this 
section. 

Treeing and 
dressing of the 
upper Im be- 
come quite 
an important 
branch, and a 
vast amount 
of 'knowledge 
is displayed m 
selecting the 
materiaJis and 
methods of dressing so as to avoid anything 
likdy to ruin or spofi the durabiliiy ci the 
leather. This demand upon the worker has been 



met largely by the technical institu- 
tions fonuM in all the centres where 
tiioo manufacturing is the staple 
industry. • 

DetaUlad Study. In order that 
the student may possess a clear and 
definite knowled^ of the whole boot 
factory, we purpose going into all the 
operations in detail, illustrating and 
describing the principal machines used. 

We shall stand bv the 
s^e of the “ clicker,^’ and 
leam how to cut out the 
tops from the thousands 
of patterns kept in the 
factory. By a series of 
tables compiled from 
wide experience we 
exhibit scientific 

methods of measure- 
ments by which the 
machine bootmaker 
been able 


to 


has 

the 
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requirements of cus- 
tomers of all ages, 
classes, and tastes. 'Fol- 
lowing the “ stuff of 
the boot-top, we examme 
the various sewing 
machines, and machines 
of various application, 
noting the special action 
and function of each, till 
the completed top has 
been realised. 

Next comes the bottom- 
ing department. Here we begin •mth the cutting 
machines, striking out with dies soles and 
insoles, splitting welts, and shaping the various 
parts of the materials. Lasting is an important 

operation,' and 
the appliances 
must be care- 
fully gone over. 
Weltmg, ce- 
menting, and 
Bole-laymg are 
the next opera- 
tions, and then 
foUowB sewing. 
The Blake sew- 
ing machine 
has already 
been noted, but 
the practical 
working of it is 
farther to be 
explained. 
Sole-pegging is 
another in- 
genious opera- 
tion, and we 
find out the 
reasons why 
has been reataed to pobHe favour after 
period ol nuiMipidaisfy. The heel then 
riaims oaralid and dmued attention. 
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must now turn to a systematic if brief 
discussion of a subject to which reference 
has frequently been made in preceding pages. 
We had no choice but to consider the relations 
of lightt magnetism, and the electromagnetic 
theory of light before we had properly defined 
certain of the terms which we employed. But, 
at any rate, these references to the subject 
must have interested the reader in it. It is the 
old story: electricity — which derives its name 
merely from the Greek word for amber — was once 
a sort of freak phenomenon, but now its study 
dominates the whole of the natural sciences ; 
and, similarly, nuigneiism is derived from the 
Greek name for a particular ore of iron, but is 
now recognised to be a phenomenon of the widest 
possible practical and theoretical interest. 

The ancients knew that the lodeetone, or 
magnetic iron ore — ^which, as the reader may 
remember, has the formula Fe, 04 — is capable 
of attracting iron, in whatever form, and of 
endowing such iron with a measure of its own 
properties. They also knew that other metals 
do not share in this property, and that the inter- 
vention of other metals between the magnet and 
the iron does not interfere with the attraction. 
But to the few facts they knew they added a vast 
amount of pure fiction, which was accepted as 
fact for many c^turies. 

Invention of the Compua. According 
to Professor Chrystal, it was the invention of 
the compass that marked the first epoch in the 
science of magnetism. It is commonly behoved 
that to the Chinese must be ascribed the tirut 
invention of this wonderful little instrument. It 
is stated by the Chinese historians that in the 
twenty-seventh century before Christ the com- 
pass was used in war. It is also a Chinese dic- 
tionary that first defines the lodestone. llio 
Chinese appear to have long used the compass 
upon land before it was employed in navigation. 
It seems quite possible that the Chinese com- 
municated their knowledge to the Arabs, and 
that the Arabs introduced it into Europe. At 
any rate, even in the twelfth century European 
sailors employed a primitive form of compass 
which ** seems to have consisted simply of an iron 
needle which was touched with the lodestone 
and placed uiK>n a pivot or floated on water, so 
that it coulil turn more or less freely. It was 
found that such a needle came to rest in a 
position pointing approximately north and 
south. . . . ^ these compasses were made 
of iron (steel was not used till muen later), and 
were probably ill-pivoted, they must have been 
very inaccurate ; and the difficulty of using them 
must have been much increased by the want of 
a card, which was a later addition, made appar- 
ently iy the Dutch.’* 


Discoverer of the Earth's Magnetism. 

The next stage in the history of our knowledge 
of magnetism is undoubtedly represented by the 
life-work of Dr. William Gilbert, of Colchester, 
who was physician to Queen Elizabeth, but who 
will be remembered not as a physician, but as 
“ the Galileo of magnetism.” It is true that he 
was President of the Royal College of Ph 3 rsioian 8 
and achieved great pro^mional success, but ho 
added nothing to medical science. On the other 
hand, he published, in the year 1600, the greatest 
work that has ever been written upon magnetism. 
He died three years later at the (probable) age of 
63. Gilbert was the absolute pioneer in this sub- 
ject. Not only did he make many experiments, 
but we owe also to him the capital discovery of the 
magnetism of the earth. Having found that the 
whole earth is none other than a great magnet, 
Gilbert was thereby enabled to explain not only 
the direction occupied by the compass needle, 
but also what is Icnown as the magnetic dip. 
Says Fuller, in his “Worthies of England*^: 
“ Mahomet's tomb at Mecca is said strangely 
to hang up attracted by some invisible lodestone ; 
but the memory of this doctor will never fall 
to the ground, which his incomparable book, 
* De Magnete^' will support to eternity.” 

Two or three years ago Professor Silvanus P. 
Thompson delivered at the Royal Institution 
some most interesting lectures upon the work 
of Gilbert, the tercentenary of whoso death 
fell in 1903. Professor Thompson claimed for 
this remarkable man even more than is generally 
acceded to him, and supported the claim by 
many quotations. It amounts to this— that 
Gilbert must be regarded as a forerunner of 
Bacon himself in his exposition and demonstra- 
tion of the true method of science — the method 
of induction — the interpretation rather than the 
anticipation of Nature. Certain it is that not 
only did Gilbert practise the scientific method, 
but he did so consciously, having a formal com- 
prehension of its principles and of the need for it. 

The Axle of a Megoet. We are apt to 
think of a magnet as a thing with two ends, 
but it is well to follow the example of Gilbert 
himself and take the case of a spherical magnet, 
which also has “poles.” The phenomena of 
magnetism do not at all depend upon the form of 
the magnet. We shall afterwards see that they 
are not moktr, but molecvJlar, Such a spherical 
mamet, then, like any other, has an axis 
and poles. That end of the axis which always 
turns northwards we usually know as the north 
pole, and conversely. We shall soon see that it 
would be much more correct to describe the 
northward-turning pole of the magnet as its 
south pole and the southward-turning pole as 
its north pole. At any rate, when magnet 
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oomeB to rest, the vertical plane in which its 
axis lies is Imown as the magneUc meridian, 
indicating respeotivefy the magnetic north and 
the magnetic south. 

The Magnetic Needle. Having disposed 
of the notion that the molar form of a body 
has anything to do with its mapietism, we may 
now study the more common n>rm of artihoial 
numet, usually called the magnetic needle. This 
will consist of a thin piece of hard-tempered 
steel which has been magnetised in one way or 
another. It may have been rubbed with a piece 
of lodestone or with an artificial magnet, or it 
may have been made magnetic by electrical 
means. A steel knitting-needle can easily be 
magnetised hy the first process. First of all 
we must have some means of distinguishing one 
end from the other. Let us decide &at the end 
we shall call A is to become the north pole 
of the magnet and the other end, B, the 
south pole. Let us then take a magnet, 
place its north pole on the point A of 
the knitting-needle, and draw it along* the 
needle from A to B. Similarly, we may draw 
the south pole of the magnet along the needle 
from B to A. If this process be repeated often 
enough, we shall find that the knitting-needle 
has become magnetic. Such a magnetic needle 
may be made to float upon the surface of water, 
not because it is magnetic, but because of the 
surface tension of the water, as the reader will 
doubtless remember. And we find when we 
lower it veiy gently upon the surface of water 
that it will slowly turn until it comes to lie in 
the magnetic meridian. It is of the utmost value 
in many experiments to have a needle thus 
balanced so t^t it can move freely in a horizontal 
plane. A method employed by Gilbert, besides 
the method we have just described, was to sus- 
pend a very fine magnetic needle from a single 
fibre of silk, which scarcely interfered at all 
with its movements. 


The Magnet end the Pole#. What is 
known as the magnetic dip was independently 
discov*^^ by several observers before the time 
of Gilbert. In 1544, a German vicar discovered 
that the magnetic needle, as he says, points 
downwards. ** This may be proved as foUows. 
I make a needle a finger long which stands hori- 
zontally on a pointed pivot so that it nowhere 
inclines towards the earth, but stands horizontal 
on both sides. But as soon as 1 stroke one of 
the ends with the lodestone, it matters not 
which end it be, thmi the needle no kmger 
stands horizontal, but points downwards.” 

The magnetie dip varies in different places. 
It does not exist at all along a line which corre- 
sponds mcHre or less with but along a line which 
definiteh^ differs from, the equator of the earrii ; 
this line is known as the fnagnHie equettor. North 
of it the north end of the needle dip bebw the 
horizon ; south of it the south end dips below 
the horizon. In each hemisphere, north and 
south, there is a point where one end or other 
of the needle dip vertically downwards. These 
points are known as the aorf A and milh magnetic 
poles of the earth respectively; bu4 a farther 
eHidy of them belongs to the subject of terrestrial 
mi 


magnetism, and here we are dealing with the 
whole subject historically. 

The magnetic dip having been discovered 
just before uie time of Gilbert, it rmnain^ for him 
to explain it in terms of terrestrial magnetism. 
Before him there had been made, but not ex- 
plicitly stated, the notable discovery of the 
mutual behaviour of the poles of magnets. 
This behaviour majr be expressed by the very 
simple rule that Uke magnelie polea repd, un- 
like magndic poUe aUrad each other. The law 
of the intensity of this magnetic attraction and 
repulsion is the law with which we are already 
so familiar — ^it varies inversely as the square of 
the distance. 

The Elements and Magnetism. As 

the name of the whole subject implies, there are 
inherent differences between the elements in 
respect of their magnetic properties, and this is 
a subject of which the chief student, beyond a 
question, is Michael Faraday. The pre-eminently 
magnetic substance is iron ; with this, of course, 
we may include steel, since, as the reader 
remembers, iron is its chief constituent. L^ng 
after this element we must place nickel and co- 
balt, and also manganese and chromium Fara- 
day studied an enormous number of bodies, and 
divided them into two gpreat groups. Those 
which behave like iron, being attract^ by mag- 
nets, he calk para-magnetic, while those wmoh are 
repelled in greater or less degree hy magnets 
he calk dia-magnetic. We n^ not ^ve the 
list of substances which he tested: The mterest- 
ing fact to notice k that almost every kind, if 
not absolutely every kind, of substance that can 
be experimmted with is acted upon by a suffi- 
ciently powerful magnet in one way or another. 
We may select the following substances from 
Faradayk list of dia-magnetio bodies in order to 
show their heterogeneous character : Bock 
crystal, nitrate of lead, citnc acid, water, alcohol, 
nitric acid, alkaline salts, glass, iodine, resin, 
sealing-wax, jet, sugar, woo^ leather, beef, and 
blood. 

The Magnetiem of Metals. Of special 
interest is Faradayk study of the relative mag- 
netic properties of the afferent metak. Tins 
must be of even greater interest to us than to 
him, for we are much nearer than he towards 
finding the clue to the facts. The following is 
Faraday’s list of metak in c»der of deso^io^ 
Buscepubility to magnetism reading down the 
columns. It requires a certain amount of revision, 
due, for instance, to the'^robability that iron is 
foui^ as an impurity in several para-magnetic 
metak named: 


PAIU><MAQNB!nO 

Iron Manganese Cerium Palladium 

Nickel Chromium Titmiium Platinum 

Cobalt Osmium 


Dia-maghbtig 

Bkmuth Cadmium Silver Uranium 

Antimony Sodium Copper Bhodium 

Zinc Mercury Gola Iridium 

Tin Lead Areenio Tangst^ 

The EjMsge ef MpigBcetiem* But we 
must reahse further that matnetio nmertke are 
by no means confined to sSidB. For , Faraday 
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found that gases have magnetic properties, 
though it is not necessary here to quote the 
table of his results. The most magnetic of all 
gases is ^apparently oxygen, though it may 
possibly be surpassed in this respect by its 
own modification, ozone. 

Within the limits of magnetic action, the inter- 
position of material bodies is of no more moment 
as such than it is in the case of gravitation, 
provided that the intervening bodies be them- 
selves non-magnetic. It has already been noted 
that this important fact was recognised some 
centuries ago. 

Though various forms of iron, for instance, are 
capable of magnetisation, they vary very much, 
and at present very m 3 rBteriouBly, in their beha- 
viour when so magnetised. A piece of soft iron 
will become a magnet when it is touched by 
or placed sufficiently near to another magnet ; 
but so soon as it is removed from thi^ influence, 
its magnetic powers vanish. Steel, however, 
or a hard enough iron, when adequately mag- 
netised, will retain the property indehnitely. 
We are as yet quite incapable of explaining 
these differences. No wonder, the thoughtful 
reader will say, when he remembers that we are 
hitherto incapable of reducing to their ultimate 
basis the properties of hardness and softness. 
This is certainly not a chemical question of the 
admixture of carbon or other elements with the 
iron, but somehow depends upon the physical 
constitution of the bodies in question. 

How Physical Conditions Affect 
Magnetism. Certain illustrations of the 
effect of physical conditions upon magnetism 
may be quoted. Thus, in the ease of soft 
annealed iron, under certain conditions a con- 
siderable percentage of induced magnetism can 
bo retain^. But the mere effect of a tap is 
sufficient to destroy this. This single instance 
is extremely suggestive. 

Then, again, we may take the influence of 
temperature, which is found to be very decided. 
Up to a certain point a rise in temperature in 
the case of soft iron greatly increases its response 
to magnetism. Yet a point is reached beyond 
which the reverse action occurs, and the mag- 
netism of the iron disappears. It is indeed 
true for all specimens and all varieties of iron 
or steel that there is a temperature — varying, 
of course,, in different cases — ^which we may call 
the critical temperature, and beyond which the 
magnetism entirely disappears. 

We commonly think of a magnetic needle as 
having two ends, which we distinguish as its nortli 
and south poles ; but this is only a relation, and 
the remar^ble fact which we discover when 
we break up such a needle is that this relation 
holds good of all its parts. Break the needle 
in two and each half broomes a magnet with its 
own north and south pole, th^ positions 
corresponding to those of the unb*t)ken needle. 
Break up these halves again and the same result 
is found. Must we not then conclude that the 
ultimate molecular units — ^not, of course, the 
ultimate units— of such a magnet are themselves 
magnetised ? In short, must we not form some 
mdeaukar iheary of magndum f 


A Limit to Magnotiom. In the attempt 
to form such a theory we may note various facts, 
some of which have already been referred to. 
For instance, we may note the parallel state- 
ments of Wiedemann, which show us the apparent 
parallelism between magnetism and other physical 
conditions, for the explanation of which we must 
refer ourselves to the molecule. Thus : 

1. Jarring a body 1. Jarring a bar un- 
under twisting stress der magnetising force 
causes increase of twist, causes increase of mag- 
netisation. 

2. Permanent twist 2. Permanent mag- 

in a wire is diminished nctisation in a bar is 
by jarring. diminished by jarring. 

3. A wire perman- 3. A bar permanent- 

ently twisted and then ly magnetised and then 
partly untwisted loses partly demagnetised, 
or gains twist when loses or gains magne- 
janm according as the tisation according as 
untwisting is small or the demagnetisation is 
great. small or great. 

We owe to Weber the original form of the 
theory which attempts to explain such facts 
as the above in molecular terms. We may 
call it the theory of molecular magnets — the 
theory that the individual molecules of iron 
or steel are themselves magnets. Weber sup- 
posed that in unmagnetised iron the molecules 
are lying in all directions indifferently, and that 
they, therefore, neutralise each other's action, 
with the result that the mass os a whole 
has no magnetic action. Then, when the iron 
is magnetised we may suppose that the molecules 
have all been turned more or less in one direction, 
so that their action is summated instead of 
being mutually neutralised. Such a theory 
evidently leads to the conclusion, which is 
verified, that there is a definite limit to the 
possible magnetisation of any body. 

In some form or other Weber’s theory must 
probably stand. It has been somewhat modified 
by the suggestion that the molecules are not 
independent of each other but grouped in cer- 
tain positions ; and this supposition may serve 
to explain more of the facts. 

Magnetic Sounds and Magnetic 
Belts. Under certain conditions sounds may 
lie produced by the magnetisation and de- 
magnetisation of iron and steel, the production 
of the aerial vibrations being due, doubtless, 
to mechanical changes in the metals. It- 
was the great Joule, to whom we have often 
referred, who first clearly recognised that “ the 
magnetic extension in the core of an electro- 
magnet takes place so suddenly that the shock 
is sensible to the touch, and is accompanied by 
a musical note arising from vibration in the 
metal.” The earliest tel^hone on record 
depended, according to nofessor Chiystal, 
essentially on the magnetic sounds product by 
a varying current in an iron core. 

No doubt there may be magnetic belts on 
the market which do contain magnetised por- 
tions of steel or iron, though in many cases it . 
is impossible to discover any activity in these 
articles. Statements designed to infficate the 
potency of the magnetism, and asserting that 
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it will ftot tliroiig^ varioug non-magoetlo This k a phrase used by Lord Kelyin in order 
obstaoleB, will be impraked at their due worth to desoribe the inflnenoe upon a ship’s oompass 
by the reader. Tto potencies and prop^es of the ship’s own magnetism. All the soft iron 
of magnetism and its relations to the Mving of a ship k magnetS^d by the earth’s indno- 
body are* of course, obscure, though certain tion, though thk mas^ti^ k only temporary 
definite facts are known, as we shall see. But and not important. On. the other hand, all the 
it may be most positively stated that there steel of the ship and its hard iron acquire a 
k no evidence whatever to show that these more or less permanent magnetkm, the exact 
magnetic belts have any appreciable action of nature of which depends upon various factors, 
any kind upon the body. That good results such as the position in which the ship lay while 
may sometimes follow their use proves nothing it was being built. Thk permanent magnetkm 
whatever as to their jmsession of any definite of the ship k a very serious matter, and may 
physical properties. For, as in a thousand other mean the difierenoe between life and death for 
instances, tha great majority of diseases are the sailor. 

famously affechKl by anything in which the The Greatest Inventor in History, 

patient can be induct to believe. The interest It k not necessary here to describe the various 
of magnetio belts, therefore, is not really physical kinds of error which the permanent niagnetism 
but psychological, and comes under the headii^ of the ship may induce m the indications of the 
of ^ subject which the psychologkt calk compass. Bui we^must celebrate once more the 
suffgedion. great name of Lord Kelvin, that mighty genius 

The £arth» the Sun, and the Magnetic whose prabtical inventions alone constitute him. 
Needle. In our brief introductoiv history of perhaps, the greatest inventor in hktory, while 
this subject we have already outlined one or two hk contributions to pure science would suffice 
of the facts of terrestrial magnetism. We have to immortalko a dosen men. 
seen that William Gilbert explamed the behaviour The Thomson or Kelvin oompass k now 
of the znagnetic needle by the extremely bold to be found on every ship that saik the 
but justifi^ speculation that the earth itself is seas, and no one can say how many lives it 
a huge spherical magnet. It was thk theoiv has saved or what wor& of cargo. Among 
which led Gilbert to experiment with littie the dktingukhing properties of the instrument 
spherical modek of the earth which he called we may briefly note the fact that the Kelvin 
terrelks, or litUe earths. We have ako noticed oompass contains six or eight magnetised needles 
the exktence of the magnetic poles of the earth, inst^ of one, and that the various kinds of 
and may briefly note that ^e term isodintc errors of the compass are corrected by means 
lines describes lines drawn on charts of the of appropriate apparatus, such as bar magnets, 
earth so as to pass through places where the horizontal and v^ioal, the position of which can 
angle of dip k the same. At the magnetio poles be altered, and balk of soft iron, which are 
the angle, of course, is 90 degrees. Again, though fixed on to the binnacle at the level of the card 
we spe^ of the ne^e pointing norm and south of the compass, and which neutralise the 
we must remember that, exc^t along two magnetkm induct by the earth in the soft iron 
lines, there k a decUnation, or variation, at every of uie ship. 

point upon the earth’s surface between the true The Field of a Magnet. We have 

meridian and the magnetip meridian. ** Isc^onio already seen that in the neighbourhood of a 
lin^ ” indicate places where the declination is magnet there is some essential difference from 
the same. the conditions which prevail further away. The 

Poets are apt to use the magnetio needle as a area over which the magnet exercises its influence 
s^bol of constancy — “true as the needle to we may describe as the /Eei^ of the magnet. We 
tne Pole.” But, as a matter of fact, there are have already noted facts from which we may 
incessant chanM in the behaviour of the needle properly infer that the earth itself, being a 
at any given place as regards both variation and magnet, has a field in its immediate neighbour- 
dip. Some of these can scarcely be measured in hood. And thk k so. The exktence and some of 
ms than centuries, others ^finitely correspond the characters of a magnetic field may be shown 
to the year, and others, again, may be measured W spreading some iron filings evemy upon a 
from hour to hour. Lastly, we may note the sneet of paper underneath which lies a magnet, 
amazing fact that the behaviour of magnetio If we tap the paper we that thesenlings 
needles on the earth k influenced by the state arrange theznseives along a series of curved lines 
of the sun. It k definitely known that sun spots passing between the two poles of the magnet* 
affect the magnetio needle. ^ese curved lines are known as lines of force. 

The Error of the Compeae. If the earth and their study k extremely complioatra and 
be a magnet, then it should have all the properties interesting. The appropriateness of the name 

of a magnet. For instance, it should he capable will be seen If we n^e a further experiment, 

of inducing magnetkm in susceptible substances khich oonskts in lowerii^ a small magnetised 

in its neighbowood. It has thk property, needle over the pa^ and seeing what happens 
and it k found that steel masts and columns, to it. Its point will be found to follow one of 
pokers, hammers, and other objeeta of steel, the lines of force already indicated bv the 
are sufficiently nuHpietked to affect a compass position of the ircm filings, and if the norm pole 

appreciably. Thk k the result of andmfiioii of the needle be downwards it will be driven 

by means of the magnet we call the earth, towards the south pole of the magnet. 

Continv^d 
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show how a brace or atmt mif^i be introduced 
to afford suppoi^ to the central of the 
rafters, and if desirable a rertical tie might extend 
from there to the middle part of the horiaontal 
beam. Generally, however, if the span be large 
enou|^ to require this, the couple roof is adopted 
instead. 

Function of Wall Platon, The purpose 
of wall plates is to distribute the weight of the 
roof uniformly on the wall instead of at intervals 
on the indiviaual bricks upon which the rafters 
would otherwise have to be^. They are generally 
about 3 ill. deep by 4} in. wide, or in large roo& 
6 in. by 9 in. They are generally spiked on the 
wall flush with the inner face, to avoid increasing 
the span. Sometimes two wall plates are used 
parallel with each other with a space between. 
When the lower ends of the rafters project over 
the wall it is sometimes necessary to have the 
wall plate flush with the front, as in 244, and notch 
the rafters on to it. Another method is shown 
in 245. Often in large roofs the wall plate is not 
continuoua, but short plates, or ternphU, as they 
are called, are inserted for the roof trusses to 
rest on, the rafters themselves bearing on a pole 
plate, which will be described later. These 
templets are about 30 in. long and sometimes 
are of stone or metal instead of wood. The 
usual form of joint for wall plates, when it is 
necessary to join timbers end to end, is that 
shown in 246. 

The Couple Roof. The couple roof [247] 
reduces the len^h of the rafters by one half, and 
consequently mcreases their strength, thus 
enabling a larger span to be bridged without 
increasing the section of the rafters. The weak 
feature in such a roof is that its weight does not 
bear vertically on the walls but tends to thrust 
them apart ; and as it is easy to modify its form 
so that all, or a ^eat de^, of this outward 
thrust is prevented* the simple form in 247 
is seldom employed for much larger spans than 
the lean-to roof, unless the walls are low or are 
thickened or buttressed to withstand it. As 
far as the strength of ihe rafters themselves 
is concerned, 12 ft. may be regarded as the 
maximum span for which this roof is suitable. 

The Collmr Roof. It may be strengthened 
and made suitable for larger spans by connecting 
the opposite rafters with a collar, as dotted in 
247, wnioh acts either as a brace or a tie to the 
rafters according to whether their lower ends are 
rigidly fixed or free to spread. It is called a 
eSiar roof and would usually be adopted for 
spans between about 10 ft. and 14 ft. A short 
collar kninediate^ under the ridge plate, as 
shown dotted in 2to* also adds to stren^ 
of any roof of this kibd. 

Xu collar roofs the lower ends'of the rafters 
ajre birdsmouthed on to a wall xflate and the 
top ends bevelled to bear against the ridge plate, 
which is placed between [246]. The fimotkm of 
the latter is to provide a strait and continuous 
ridge along the top of the roof. Fig. 216 shows an 
alternative method. rafters are nailed at 
their ends to the'wall and rkkp plates. Tito 
eollaar may be either nailed or held by e befit 
totheraftm. Sometimes the joint is made inere 
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secure bjr halving the parts together, getierally 
with a dovetail halving, but thk is hiray ad- 
visable because it weakens the rafter at a point 
idxere it needs to be as strong as possible. In 
the ordinary collar roof the position of the collar 
is half way down the raftm. The lower the 
collar is placed, the less outward thrust the ends 
of the rafters can exert, and when placed abso- 
lutely at the base, as in 250, it ties them com- 
pletely. 

The Couple Close Roof. The roof 
is not then c^led a collar roof, but a couple dose 
roefi, because it has two slopes closed by a tie 
at the base. In this form, unless a collar be 
added as well, the middle portion of the rafters 
loses the support which the collar would afford ; 
but the main reason why a collar half-way up 
is used, if possible, in pr^erence to a tie beam 
at the base is that the latter in a low building 
is often too much in the way or too unsightly. 
It also, of course, consumes more material and 
adds to the weight of the roof, for although the 
tie beam is in tension, it is necessary to imtke it 
of considerable depth to prevent sagging in the 
middle, and the greats its length the greater 
must its depth be. 

In either of these roofs it is not essential that 
every pair of raftm ehould be tied. The con- 
nections may be only at alternate ones, or at 
longer intervals. In some cases the wall plates 
instead of the rafters may be tied. Fig. 251 
shows wall plates tied by iron rods, and some 
intermediate rafters resting on purlins which are 
supported by collars at intervals. Wh«i the 
wood tie beam is employed it forms the base on 
which the lower ends of the rafters rest, and it 
extends several inches beyond the rafters at each 
end, so that a suitable joint can be made between 
them. The forms of joint generally employed 
were diown in 168 to 171 [page 4043], but the 
methods of holding it togewer vary with the 
size of the timbers. Further examples of these 
joints and fastenings are shown in 252 to 257. 
Sometimes the parts are halved together, but 
a joint in which the rafters bear tiieir entire 
section on top of the beam is best. Whoi the 
rafter bears on the tie beam within the inner 
face of the wall, a stub tenon [170, page 4043], 
with its front at right angles to the body of 
the rafter, and tapering to nothing at tiie 
back, is generally most satisfactory because 
very little material is out from the tie beam. 
If we rafter bears immediately over the wall, 
as it always should do if possible, a stronger 
joint can ho made by cutting more from the 
Itoam, which is then better able to with- 
stand the consequent weahening. A bridle 
joint [167 and 25Q is scmietimes preferred to a 
tenon, but it weakens the beam more than the 
latter and does not transfer the lost strength to 
any other part. Its only advantage is that there 
are no hxlden parts whidi may not be in 
oontaot and taking their diare of the stress. 

Tho ends of the tie beam merally have a 
bearing of about 9 in. on each wall* and it is 
prevented from moving bchig eitlier qfxiked, 
cogg^ or dowefled on to the wall jplate. Xu 
small roofr it Is customary only to nau oriqpika 
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it. A cogged joint was shown in 177 [page 4043]. 
The thickness of rafters and tie beam are usually 
the same, but the depth of the latter is generally 
greater because it is longer. If it acts as a joist 
for supporting a ceiling as well as being a tie 
beam for the rafters, Sien its depth must be 
increased accordingly. The rafters range from 
3 in. to Gin. in depth according to the size 
of the roof ; 8 ft. is reckoned about the average 
len^h over which they can be allowed to extend 
without intermediate support, and their section 
then should be about 5 in. by 2 in. For a span 
of 12 ft. without intermediate support, which is 
the most that can be attempted with economy, 
their section should be about 7 in. by 2 in. or 
6 in. by 3 in. 

The King Bolt. In roofs of ordinary 
Slope, which is about 30 deg. with the horizontal, 
the tie beam is the longest member and the first 
to need support at the centre. From 10 ft. to 
12 ft. without support is generally considered as 
much as is advisable, but this is frequently ex- 
ceeded in roofs where the total span is only a few 
feet more. When the span exceeds about 15 ft., 
the simple couple close type is abandoned and a 
vertical tie introduced connecting the ridge of 
the roof with the horizontal tie, as shown dotted 
in 260. This prevents the horizontal from sag- 
ging in the middle, and leaves fihe weakest part 
of the frame theft at the middle of each rafter. 
This is suitable for spans of as much as 18 ft., 
but beyond that the rafters need bracing and 
the king post truss is introduced. 

The King Poet Trues, For spans of 
more than about 18 ft., what is known as the 
king post truaa [258] is employed, and this is so 
satisfactory an improvement on the preceding 
types that it is suitable for any spans up to 30 ft. 
In this the tie beam is supported in the middle 
by a vertical tie called the king post, and the 
rafters are supported in their noddle by struts 
or braces from the base of the king post. It is 
obvious that this makes, a very rigid frame, but 
the reason why that arrangement is best is not 
so apparent until the part which each member 
plays IS considered. It would scarcely be sup- 
posed at first that the vertical member, or king 
post, was subjected only to tensional stress, 
wt it is a fact that it is entirely in tension, 
^e diagonal struts, on the other hand, arc 
entirely in compression. Of the outside frame 
members the horizontal beam is in tension and 
the rafters in commession, as in the previous 
fprms described. The stress on the rafters, 
however, tends to bend and break them inwards, 
and consequently, as with the tie beam, their 
depth must be greater than their thickness. The 
struts, being eubjeoted to compression with no 
definite transverse strain, will bend according 
to the direction of their least dimension, and 
consequently should be made as nearly as possible 
square in section, and not less dther way than 
Ath of their length. As strap are seldom em- 
ployed on the struts, it is often best in large 
trusses to make them less in thickness than the 
posts and rafters, thus saving material and wei^t 
m the roof without loss of strength. 

To demonstrate gra^ically how the middle of 
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the beam and the middle of each rafter receiveti 
support from the internal members of the tri- 
angular frame, we will suppose, as in 258, a 
chain substituted for the rigid king post, and the 
beam and struts separated from 3ie rWters, the 
latter being prevented from spreading at their 
base, and actine as a tripod in supporting a 
weight. It is tnen apparent how the vertical 
tie supports the b4am and the struts the rafters. 
In practice, of course, a ehain is never used, but 
either a wood post or an iron rod. ^ 

All the parts of the king post truss, with the 
exception, sometimes, of the struts, are generally 
made of uniform thickness because flat iron straps 
can then be bolted on the surface to hold joints 
together. This thickness ranges from about 
3 in. for a small span of 18 ft. or 20 ft., to 5 in. 
for a span of 30 ft. In their other dimensions 
the members vary. 

Rafters. The rafters employed in the 
composition of the king post truss are of larger 
dimensions than the rafters previously alluded 
to, and of different character. In the smaller 
tyiies of roof only one kind of rafter is required, 
but with the king post truss two kinds of rafters 
are introduced — the principal rafters and the 
common rafters. The common rafters ai^e neces- 
sary in all roofs, and are of the dimensions already 
stated. The principal rafters su]^rt the com- 
mon rafters in trussed roofs, ^e reason of 
this is that king post trusses cannot be formed 
under each ]^r of rafters without making the 
woodwork ot the roof needlessly heavy and 
mvolving a lot of unnecessary work. King post 
trusses, therefore, are set on the walls at intervals 
of about 8 ft. or 10 ft apart, and are connected 
by transverse bars called purlins. At the apex 
they are connected by the ridge plate, which is 
let into the tops of the king posto, and at the base 
the tie beams are cogged on to the wall plates, 
and are also connected by a rail on top, of the 
same character as a purlin, but called a pole 
plate. This forms a framework [260] to which the 
common rafters can be attached, and which affords 
them ample support, so that they are not then 
required to carry a very great weight unaided. 
Sometimes trusses of different character alternate 
with each other, the heavier being used over 
buttressed portions of the walls, or to support 
heavier parts of the roof. The trusses are also 
known as the principals of the roof. The prin- 
cipal rafters are those which occur in the truss 
•frames, and they have to^ kept below the level 
of the common rafters because they carry the 
supports for the latter. They range in depth 
from about 4} ip. to 12 in., according to the 
size of the truss. 

King Post. Tie Beam, and Purlins. 

Owing to the peculiar shape of the king post, it 
is necessary to reduce it from a piece of timber 
measuring about twice the width of the ultimate 
size of the central part. The exact size of the 
mlarged ends is got by marking the bevels of 
the rafter and strut joints, keeping them as nearly 
as possible at right angles to the inclination of 
those members. The arranffement of the king 
post joints is shown in detail m 261. Iron straps 
are usually bolted across the joints to hold the 
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members together, and the stirrup which supports 
the tie beam is generally tightened by folding 
wedges through the post, as shown. Sometimes 
a bolt is inserted instead, as shown dotted in 258. 
In heavy timbers a cast-iron socket receives the 
base of the king post and the diagonal struts. 
The tie beam is given about } in. of camber to 
10 ft. of length. 

The purlins, or horizontal rails, on which the 
common rafters rest, are generally put immedi- 
ately over the tops of the struts, as in 258, and 
as there are only two struts in a king post truss, 
the purlins are consequently two in number 
also, occurring on the middle part of the rafters. 
At the top the common rafters are fitted and 
nailed to the ridge plate, and at the bottom 
another rail called a pole plate, is nailed on top of 
the tie beams or on the lower extremities of the 
principal rafters [258 and 267]. On to this the 
Tower ends of the common rafters are birds- 
mouthed and nailed. The purlins are notched or 
recessed J in. or so to fit over the principal rafters 
and naiM on, and further to prevent them from 
slipping or turning over under the downward pres- 
sure a block or cleat is fixed below for them to bear 
against [258]. Details of these joints are shown 
in 262. In ordinary work the cleats are usually 
merely nailed on the surfacer, without being 
fitted, as shown. Examples of end joints in pur- 
lins are shown in 268 to 265. The common 
rafters are notched to fit the purlins. The stirrup, 
tightened by folding wed|;es [261], is the best 
method of connecting the kmg post and tie beam. 
The bolt [258] is suitable only for small trusses. 
To insert it, a hole has to be bored up the centre 
of the post, and a slot cut in one side to insert 
the nut, after which the opening is plugged. 

Heel straps [252 to 254], or a bolt [255 and 
258] are employed to hold the principal rafters 
to tne tie beam. Sometimes the strap is put on 
at right angles to the inclination of the rafter, 
and so holds the joint directly together, and 
sometimes the angle is increas^, as in 252, so 
that it acts as a tie to the thrust of the rafter.. At 
the head of the king post a bolt is sometimes 
used, as dotted in 267, but more generally straps 
[258], or sometimes plates. The truss should be 
put together with the king post slightly short 
and the struts full to length. 


The Queen Poet Truee. In. spans of 
from 30 ft. to 45 ft., the beam and rafters are 
supported at two intermediate points in the 
length instead of at one only, and thp arrange- 
ment of ties and braces for doing this is called 
a queen post truee [266]. The middle, or king post, 
is abandoned, and two shorter ones, called 
queen i^ts, are introduced, one on each side, at 
some distance from the roof centre, thus sup- 
porting the tie beam in two places. These two 
posts are connected at their tops by a horizontal 
member, called a etraining beam, and the junction 
of these affords support at one point for the 
rafters. It will be seen in 266 that the principsd 
rafters end at this point, and do not continue to 
the top of the roof as in the king post truss. A 
strut from the base of each queen post affords 
support to the middle of each principal rafter, 
and the purlin over this point occurs about a 
third of the distance up the common rafter, the 
next purlin at the top of the queen post beina 
another third. The queen post joints do not 
differ essentially from those of the king post, 
except so far as the difference in arrangement 
requires it. As in the king post truss, it 
is convenient to have the meml^rs of similar 
thickness so that fiat straps or plates can 
be bolted across the joints. A useml rule by 
which suitable thicknesses for any given span 
may be obtained is given in 6. F. Allen’s 
“ Practical Building Construction.” For a king 
post truss divide the span by 5, and call the 
quotient inches, which will be the thickness of 
the truss. For a queen post truss, divide the 
span by 8, which will give the thickness in inches. 
Suitable dimensions, both thickness and depth, 
are given in the table on preceding page. 

Compound Roof Trusaea. For spans 
of more than 45 ft., compound trusses are em- 
ployed, consisting of a combination of king and 
queen post trusses, and as many additional 
vertical ties with corresponding struts as may 
be required. There is no limit to the extent to 
which this may be carried, but in practice the 
horizontal tie beam is generally abandoned for 
other forms of truss, or the roof is broken up in 
a number of slopes, receiving support from b^ow 
by pillars or walls when the area covered is very 
great. When the queen post alone is not 
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TIMBEB WOBK IN BOOFS 

274. Sawtooth r<x)f 276. Mauaanl 276 and 277. Details of Joints 278. Hipped roof 279. Trimming 
280. Arched roof 281 and 282. Timbers for ateh 283. Hammei beam 


sufficient, a king post is frequently inserted as 
wpll, either as in 267, or between the roof ridge 
and the straining beam, as dotted in 268, using 
a pair of struts from its base if desirable. The 
next step in a compormd roof is to introduce 
another pair of posts outside the queen posts 
[267], also using struts from their base if required. 
Other posts or vertical ties may be employed. 

TruMied Members. I^rlins, rid^p, or 
rafters may be trussed as an alternative to 
supporting them at fr^uent intervals, or to 
making &em of sufficiently large section to 
extend long distances without intermediate 
support. The ordinarv king or queen post 
trusses may then either be dispensed with 
entirely, or placed at great dis^ces apart. 
Pirrlins are often trussed when the distance from 
wall to wail is hardly sufficient to justify the use 
of a transverse truss midway between. Bafters 
are not often trussed, because they are so 
numerous, and supports are more economical. 
Ridges require it omy in exo^*onally long spans. 

Obiectlona to the Tie Beam. The 
horizontal tie beam at the base of roof trusses is 
regarded more or less as a necessary evil. The 
one great point in its favour is that it ties the roof 
base and relieves the walls of lateral strain. The 
objeotums to it are that it obstructs a mat deal 
of space in the Interior of buildings, thus often 
maimig It neeeasafy to build hi|^ walls; while 
in very large spans it becomes economically, if 


not practically, impossible, because of the enor- 
mous weight of material necessary to form 
trusses of the required strength. The horizontal 
tie beam, therefore, which is the mam element of 
the triangular-shaped truss, is often discarded, 
even in small spans, for ties which slope upward, 
269 being a common example In some of the 
early wood roofs similar methods were adopted, 
but such ties are now usually of iron. Horizon- 
tal ties of iron are also often employed instead 
of the wood beam, but when ceiling joists have 
to be attached to the under surface, the wood 
beam is more convenient. 

In 269 a collar is employed to impart rigidity 
to the rafters, and to its central part the tie rod 
is bolted In 270 a king bolt is employed to 
support the tie rod and two struts, thus making 
a stronger truss suitable for larger spans than 
289. Figs. 271 and 272 show methods of 
employing iron king bolts instead of wood posts. 
Fig. 278 shows an arrangement for another kind 
of roof supported 1^ posts instead of walls ; 
274 is an example of a sawtooth or weaving-shod 
roof. The last, however, are generally con- 
structed entirely of iron. They are commonly 
employed for factories, and are arranged in a 
series instead of one spa^ over the building. The 
long part of the slope is slated, and the short, 
Steen part fitted with glass and facing the north 
so that the interior of the building g^ a steady 
light without sunshine. 
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The Meneard or Curb Roof. The have been trimmed are tusk tenoned or notched 

mansard or curb roof [275] is a peculiar form of into the trimmers, which are of the same section 

roof often employed, especially for dwelling- as the two trimming rafters. A frame of the 

houses. In this case the horizontal tie beam at desired size is thus provided in the roof surface 

the base is retained, but the space above it without any rafters crossing it. 

utilised. In ordinary direct sloped roofs the Other Varieties of Wood Roof, 
space above, althou^ large, would not be of Among types of roof without horizontal tie 

much value for rooms because of the sharp slope beams there are several that have been popular 

of the sides. In the mansard roof this is over- when wood was the only material available, but 
come by making the sides nearly vertical for in most of them either an enormous amount of 
some distance up, and then avoiding a very work is involved or strength is sacrificed to 

high and acute roof ridge by altering the angle to appearance ; besides which, tiie walls often had 

a very low one. In large spans the king post to be made much thicker to sustain them than* 

truss 18 employed for the upper part, with posts is the custom at present. It is obvious that 

and struts at the ends between the upper and an arched construction like 280 needs no tie 

lower tie beams. Fig. 276 shows a method of at all to enable it to support itself and to 

joggling a strut to a beam, often adopted in exert no outward pressure at its base. As the 
the mansard roof. Fig. 277 shows another only way of forming curves of great length in 

method of arranging the rafter and strut in a wood is to build them of a groat number of pieces 

mansard, so that instead of the slates meeting breaking jomt with each other, that method has 

where the angle changes, there is a drop from been adopted to form arched roofs of timber, 

one slope to the other. In small spans there is The two most popular varieties of this kind have 

no king truss in the upper part, but the rafters been built of timbers jomed as in 281 and 282; 

are tied by a collar. but outside of these straight slopes have been 

Hipped Roofs. Hipped roofs [278] are required to stiffen the curved interior and to 

very common, and considerably compUcate the carry the roof covering. There are also numerous 

oar^nter's work. Instead of having a vertical or arrangements adopted in temporary centring for 

game end from which to begin the line of rafters, arches that are suitable for roofs, 

the roof is sloped at the en& as well as the sides Another variety of roof without a tie at the 
of the building, and the rafters have to bo base is known as the hammer beam [288]. It is 

arranged accordingly. This necessitates a stout best suited for high-pitched roofs of not very 

diagonal rafter, called a 'hip rafter, from ea^h great span. It throws considerable strain on the 

comer of the walls to the end of the ridge plate, walls, which must be made thick enough to 

and the common rafters have to be out to the withstand it. Wood roofs without tie beams, 

correct length and angle to meet this, as shown in however, are exceptional, because they can be 

278. A valley, also shown in 278, is the reverse better and more cheaply built of iron. In very 

of a hip, and is also frequently necessary. In large spans also wood cannot compete with iron, 

small roofs what are known as a dragon beam and The principle on which such roofs are built is 

an angle brace are employed to prevent the out- that of the arched girder strengthened by tie rods, 

ward thrust of the hip rafter from acting directly and there is usually no carpentry about them. * 

on the comer of the building. The arrangement is Domical, conical, and polygonal roofs are 
roughly shown in 278. The angle brace bridges occasionally required, and form very light and 

across the comer at some distance back from strong structures. Their rafters or ribs meet 

where the walls meet, and is securely attached at a common centre at the apex, and radiate 

to the wall plates. The ends of the wall plates are outwards and downwards to the wall plate, 

half lapped, and the short dragon beam is notched which extends entirely round the top of the 

over this and extends back, and is tusk tenoned wall. Shorter rafters may be employed be- 

into the middle of the angle brace. The base tween as the circumference increases, and 

of the hip rafter is notched and stub tenoned into transverse ribs or purlins where necessary, 

the dragon beam. In large roofs the hip rafter is Interior ties and braces are often ademted, but in 

trussed instead of a dragon beam being employed. small roofs are not necessary. A obmical roof 

Trimming. Where chimneys, skyli^ts, requires curved or arched ribs, and when these are 

dormer windows, or other openii^s in a roof of wood they are mada in the same way as 281, 

occur it is generally necessary to trim the rafters and the outer and inner edges cut to the sweep, 

in order to leave sufficient open space. As it is Drips. Falls, and Gutters. Some amoimt 
very seldom that entire rafters can be omitted, it of woodwork is generally necessary on which to 

is necessary to provide support for the ends lay lead or attach imtters for carrying off water, 

where a portion of their length has been re- For the details of wis the carj^nter is generally 

moved. I^is is called trimming, and the trans- dependent on the plumber’s instructionB. In 

verse piece that supports the ends is called a roofs with overhanging rafters, as in 258, 266, 

trimmer. Occasionally the opening £an be made and 268, a fascia bmrd is generally attached to 

immediately above or below a purlin, or carry a cast-iron gutter. In parapet and M-roofs, 

between two purlins. But the usual method is % flat or box gutter lined with lead is generally 

shown in 272. The trimmers are tusk tenmied used, and to carry this, horizontal bet^rs are 

between two rafters, which are generally ^ in. attached to the rafters or to the pole plate, as 

thicker than the others, and are called trimming in 267, and boarded over to lay the lead on, a 

rafters. The ends of the intervening rafters tihat sli^pit slppe being given to the gutter lengthwise. 

(hntmued 
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HOW TO DRESS & BE HEALTHY 

IfeAltlty Skin and Ideal Clothtnsr. Cleansing;' of tke Skin and Hair. 12 

Baths. Clothing: Materials. The Beat Dress fol* Men and Women conUuugd fmm 


By Dr. A. T. SCHOFIELD 


IT is unfortunately too generally true that 
* cleanliness in clothes decreases as we near 
the skin. The collar and cuffs are frequently 
changed, the shirt not so often, the vest more 
seldom still, and the skin only thoroughly 
washed per^ps once a fortnight, and some- 
tines not even then ! The modem system of 
large baths in even small houses is an incal- 
culable boon for the middle classes, while the 
public baths in most towns are so well app^ted 
and managed as to bring deanliness within the 
reach of aU. 

Impurlttoa of the SKin. There are at 
least three impurities needing constant removal 
— the dried-up scarf skin of dead epidermal cells 
constantly being produced on the surface of the 
body, the continual secretion of oil and water 
from the glands and pores all over the surface, 
and the dirt which inevitably settles on the skin. 
Labouring men and porters, who stand much in 
need of baths and washing, have often more 
healthy skins than clerks and people in business. 
The reason of this is that they perspire frequently 
and excessively, and thus a good (mI of the effete 
matter is washed away by a natural {urocess. 
No cloth clothes or any garment that cannot 
be washed should ever be worn next the skin. 
They should be changed at least every week. 
The skin requires, however, often something 
more than merely to be kept clean. If it is at 
all delicate the face is apt at times to become 
hard and dry, wrinkled, spotted, or otherwise 
disfigured, often from preventaUe causes. 

The best lotion or wash for a tendw skin is 
]mre rain-water, pure soft water, boiled water, 
Stilled water, or artificial soft water, which 
can be made in any town where only hard 
water is laid on by putting at night in the 
ewer so much of Maignen’s ** Anti-Oaloaire ” as 
will lie on a halfpenny. In the morning, the 
water oarefuUv ixiured off the sedinimt will be 
fpund beautini% soft and fit for the most 
delicate skin. For women no soap should be 
used for the face but pure curd soap, and, for 
delicate skins, prepared oatmeal, a^ once a 
week, very hot water and a little curd soap. 
The worst thing for the face is hard water, and 
tar, carbolic, or strong yellow soap. Another 
way of making ^ skm of the face coarse and 
pimply is to use face powder. 

TurlUah Bath. The Turkish bath, a 
mat beaatifier of the skin, is imported from the 
East» and ni its Eogfish form is most sale and 
uaeluL Beridea being by far the moat effectual 
dhanaar and poie cqpener that we have, it is a 
ganeial reatonitiTe and tonic of the hif^ieil 
valae. On hmin-woiJmrs and leaidentB in towna 
it (Dooleva the hfin^htat benefits. Taken week^f 


or fortnightly, it will be found beneficial in 
every way. There are some cases, however, 
in which it is dangerous, and medical advice 
should be first sought by anyone who intends 
to take it. 

Clennlltteaa and Cheerfulness. 

Another result of the inaction of the skin which 
is very common is disease of the lungs, liver and 
kidneys. With a clean and healthy skin, the spirit 
ischeeriul, the food is enjoyed and easily digested, 
exercise is a delight, the mind is calm, sleep 
quiet, and, in addition, there is a general mcnral 
elevation of the whole man. Dronkenness is 
rare amongst cleanly people. 

How, then, is the skin best kept clean ? First 
of all, by washing the body. This should be done 
every day with water, and once a week with soap. 
Sweeps, scavengers, sewer men, dustmen, many 
labourers, stokers, and blacksmiths get so dirty 
that it is necessary they should wash well all 
exposed parts at night with soap. In summer, 
water that has been standing in the room all 
ni^t is quite warm enough to use. 

Baldness is much more common amongst young 
men than women, and amongst the upper than 
rile lower classes. This is partly due to the false 
idea that continual bathing of the head and brush- 
ing with hard brushes is good for the hair, and 
pi^y to the use of the tall silk hat, which is Ihe 
worst enemy for the head ever devised. People 
are seldom bald excepting on that part which is 
above the level of the brim of the hat. It is not 
generally known that water does not promote 
rile growth the hair, but, on the contrary, 
injures it if too constantly applied Under 
Oleary circumstances a mana head should 
not be washed oftener than once a week, and a 
woman’s once in three weeks. 

The Effects of a Cold Bath. Cold 
baths have a temperature of horn 60*^ to 65^ 
They first of all drive the blood to the bea^ 
thus greatly stimulating it and quickening the 
circulation ; then the blood rushes back to the 
skin, producing a violent reaetkm. A cold ba^ 
at first somewhat depresses and thmi stimulates 
the system. In sli^t emigesrion of the lur^, 
liver, and brain it is very good when the reaotm 
is bri^— not otherwise. In chronic joint disease 
the cold douche is very valuable. In bathing 
it is bad to stand in cold water up to the middle 
only ; this produces too much crnimrion of the 
upper half of the body. Usually a pereem 
dioukl not dress untfl the warm glow comes. 

A cool bath, frem Iff to 75**, » a great luxniy 
in hot weather. The body sho^ be d^-rabbed 
all over with a towel before entering the water. 
These is a gradual km of heat mr a whi^ 
followed by a renewed sense of vigour. A tepid 
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bath is anothor lO^iietter — 80° to 85° —and, tued 
in winter, is the same as a oool bath in summer. 

A warm bath, from 00° to 95°, has a different 
effect altogether. It allays aU pain and irrita- 
tion, draws the blood towards the surface of 
the body, is a great sedative after fatigue, and 
a capital substitute for want of slee]^. After 
travelling or exposure to the oast wind it is very 
agreeable. It does good at the beginning of a 
cold, after illness, and after brain irritation. It 
is the bath for cleansing with soap and a flesh 
brush or flannel ; it is good for ag^ people, and 
should be taken at any rate once a week, lasting 
from twenty minutes to half an hour, but not 
immediately after a meal. 

The Ideal Bath. A hot bath, 100° to 105°, 
is a great stimulant of the system, but after a short 
time it rapidly exhausts the heart. It quickly 
relieves severe congestion of internal organs. After 
a hot bath, brisk exercise in the open air does not 
give cold. One of the most delicious combinations 
possible is to have a cold sponge after a hot bath. 

If a bath at home is impracticable, there still 
remain the public baths. These are of three 
sorts — the plunge bath, the swimming bath, and 
the Turkish bath. 

The plunge bath is for washing rather than 
for baling, and, well filled with hot water, forms 
on the Saturday night an admirable conclusion 
to the week’s toil. A cold shower bath is 
nearly alwa^ provided, and if taken at the 
end, and follows by a brisk rubbing with well- 
aired towels, is proof against catching cold on the 
way home. The swimming bath, regarded as 
still a luxury, will, we trust, soon be thought as 
much a necessity in every town and village as 
in the old Roman days. Of course, it may be 
abused. Boys or girls may remain in it too long, 
till they are blue and shivering ; or siUy and 
dangerous feats of strength and endurance may 
be attempted, resulting in some strain. 

What to Wear. The purpose of clothes, 
from a sanitary point of view, is to cover the 
body so as to preserve it from feeling external 
changes of temperature, and to afford a general 
protection to the skin from wet and injury, as 
well as for adornment. In the present instance 
we are chiefly concerned with questions of 
warmth and protection. 

Let us consider the essential qualities of a 
good clothing material, and then review those 
that are used and see which comes nearest to the 
standard with regard to warmth. A common 
idea is that olotl^ warm us. This they never 
do, of whatever material they may be made. 
It is we who warm them, just as we also warm 
our beds. The fact is, our bodies are ei^ly the 
right heat as they are. without any clothes, and 
if the temperature of the air were always about 
90°, we should require no clothing for sanitary 
reasons ; but as it is not, we want a material to 
isolate us from surrounding influences. 

To be wrfeot, clothing material worn next to 
the skin should possess following qualiUes: It 
should be a had condvetar of Aseif— mat is to say, 
it should allow heat tojwss very slowly through it 
in either direction, ue effect of this Is that in 
aummer, when the sun is hot, it does not allow 


its heat to permeate through and warm out 
bodies too much ; while in winter, when it is 
cold, it does not allow the heat of the body to 
escape and be lost. Such material we call cool 
in summer, and warm in winter. 

The Qualities of Good Clothing. In 
the next place, such a material should he porous ; 
it should absorb moisture, and at the same 
time allow the exhalation of the body freely 
to escape, be comfortable, and not too heavy 
or inflammable. We will, therefore, examine it 
as to eight main points. 

1. Conduction of Heat. What is wanted, 
seeing that our bodies themselves are kept the 
right heat by the blood, is isolation or non- 
conduction. When the external temperature is 
lower than blood heat (98 J°) a non-conduct- 
ing material keeps us warm. When it is above 
98 which is rare, a conducting material is 
warmer. Wool is the worst conductor, then fur, 
feathers, silk, cotton and flax. Flax is twice as 
good a conductor as wool, and hence has half the 
warmth. That is why ice is kept in flannel, and 
wool is used for tea-cosies and kettle-holders. 
Colour affects warmth by conduction. Black 
absorbs twice as much heat rays as white, then 
dark blue, blue, red, green, vellow. Hence 
white flannels in summer and coloured in winter 
are worn for games. 

2. Absorption of Water, or Hygrosoofy. 
Wool here leads with 170 parts of water as 
maximum, and a minimum of 110 ; then come 
silk, cotton and flax, with a maximum of 75, and 
a minimum of 41. Wool being most hygroscopic, 
is badly adapted for outer garments exposed to 
the wet, as it gets intolerably heavy when soaked ; 
thus, a waterproof is better than an ulster. 

3. Evaporation of Water. This is a very 
dangerous process in clothing, as it lowers the 
temperature rapidly; hence materials such as 
cotton, from which water evaporates quickly, are 
cold. Wool, on the contrary, has slow evaporation. 

4. Porosity (to air). Wool comes first, with 
10, cotton 6, linen 6, wash-leather 5, silk 4, 
waterproof 0. 

5. Imfermeabiuty (to wind and water). The 
order here is fur, wool, silk, cotton, flax. 

6. Inflammability. Wool leads, then follow 
silk, Unen, cotton. 

7. Absorption of Odours. Wool absorbs most. 

8. Electric Qualities. Wool generates cur- 
rents and allows bo^ currents to pass; then 
come, in order of their electric que^ities, silk, 
wool, flax, cotton. 

The I^et Clothlag Material. The best 
cloth^ material, therefore, is that which is the 
worst conductor, hygroscopic, with slow evapora- 
tion, most porous,' impermeable, least inilam- 
maUe, and with elMtrio qualities. 

Only one material— as, mdeed, is now becoming 
well Imown— fulfils these conditions, and that 
is the natural covering of the riieep— wool. 
When properly manufactured, woollen garments 
are the most comfortable to wear next the skin ; 
hence wool is now used as the material in making 
an immense variety' of clothes. One sort of vest 
suitable to summer is like a fishing net, with 
meshes | in. wide. Anothex* is kifitted like a 



HEALTH 


stocking, of varying thickness and fineness ; it 
shrinks little and wears well. Ordinary flannel 
is a third sort, and may be had of any thickness 
or finen^s. An inner garment should always 
be rather loose in fit and in texture, thus en- 
suring warmth and sanitation. Again, wool is the 
lightest material for clothing in proportion to 
the warmth it gives when dry, and thus for every 
reason it is the best for underclothing. 

The same amount of clothing in separate layem 
gives more warmth than in one — that is to say, 
two thin jerseys are warmer than two thick ones. 
This is in virtue of the air between the two. 

At night, except for quite young children, 
linen oi cotton forms a better dress and more 
soothing to the skin than wool, the bedclothes 
making a sufficient protection against cold. 

Wool is rough, heavy, dirty, shrinks, absorbs 
odours, and is expensive. Now, roughness is a 
real advantage in all sedentary occupations when 
the skin is sluggish ; on the other hand, woollen 
cloths are now woven almost as smooth as 
silk. It is not strictly correct to regard flannel 
as heavy, for wool is the lightest for the same 
amourd of warmth. It does not show dirt readily, 
and is thus considered dirty. Shrinkage is 
the most serious drawback, but can be avoided 
by the use of distilled watei and a purely neutral 
soap (with no free alkali whatever). Woollen 
articles can bo boiled, and by this process alone 
disinfected, for 15 minutes without damage. In 
ordinary water and soap they are either utterly 
destroyed or made like a board. There can be 
no donbt that on the whole the advantages of 
wool far outweigh its disadvantages. 

Various Clothing Materials. Fur 
forms an invaluable article of clothing, being abso- 
lutely impermeable and a bad conductor of heat. 
It is such an absolute protector that great care 
is required in its use. Leather is admirable for 
motoring and all rough, exposed work. Feathers 
form light and warm articles of clothing owing 
to the amount of air they retain. 

Silk is three times as strong as flax, and forms 
a most delicate and useful material for under- 
clothing as w'ell as dresses. It ranks in most of 
its good qualities next to wool, and surpasses it 
in its smoothness and electric quahties, but is 
most expensive. China silk contains no silk, but 
is China ^ass. 

Cotton is made into every conceivable article 
of clothing. Under the name of flannelette, a 
pure cotton cloth is made to resemble flannel by 
raising the surface, so that it can absorb more 
air and give a warm feeling. Cotton is most 
inflammable. 

Flax can be spun into linen almost as flne as 
silk, and cloth of every sort of fabric can be made, 
from the most delicate muslin to ships’ sails. 

Cotton and linen are both good conductors of 
heat, though linen is the better. Comparative 
power in losing heat is seen in the fact that while 
woollen fabric heated to 150 deg. loses 10 deg. 
in 12^ minutes, cotton loses the same amount 
in minutes, and linen in 7J minutes. The 
advantages of linen and cotton are that they are 
easily washed, are soothing to the skin, and are 
white, which wool never is ; but they do not absorb 
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water. The result is that they are cold, even on 
hot days, as they leave the perspiration on the 
wet skin, instead of drawing it off into* the cloth. 

Paper may hardly bo considered as a clothing 
material ; but it is of great value to the poor 
as a covering for beds, etc., and worn under 
the clothes, being a great non-conductor of 
heat, and thus very warm. It is also inexpen- 
sive, though not nearly so much used as it might 
be. The wearing of paper spread over the chest 
and buttoned under the coat answers the purpose 
of an overcoat. It makes a capital extra lining 
for boots, waistcoats, etc. 

Dreas for Men. With men, clothing is 
fairly rational and sanitary, and even among 
women, as we shall see, such advances in a 
right direction have been made that the strong 
language used against their dress by health 
reformers some years ago is now quite out of place. 

The head is the only part of the body 
naturally clothed, and save for cleanliness needs 
no other covering. Indeed, it is far better 
ban^ than crowned with the chimney-pot hat. 
A tight-fitting tall hat is often really dangerous 
owing to the compression of the temporal 
arteries. All head coverings should bo light and 
well ventilated. The ordinary hat weighs more 
than twice as much as a proper head-covering 
need do, while the want of ventilation produces a 
great and undue susceptibility to cold. An 
ordinary caj), a soft felt hat, a fur cap in extreme 
cold are all sensible head coverings devoid of 
danger. In summer a straw hat is admirable, 
and is both xtremely light and well- ventilated. 

The neck should lie but lightly covered, and 
left free of all constrictions, for mufflers and 
nock wraps are frequent causes of cold and 
bronchitis. A beard is, of course, a great pro- 
tection, unless it happens to be frequently wet 
and imperfectly dried. 

Men's Good Sense in Dress. With 
regard to the body, the ordinary dress worn 
by men fairly fulfils the requirements of health. 
It is not picturesque, as a rule, but it is 
suited to our climate. The knitted woollen 
vest with long sleeves is a capital garment, 
also a knitted belt round the body as a pro- 
tection against liver chills ; so is the outer 
jersey or guernsey of sailors and flshermon. 
The coat and waistcoat of civilised life is a 
sensible attire for a variable climate, for if very 
cold the coat can be buttoned up, if warmer 
it can bo left open, if hot it can be dis- 
carded altogether. Braces should always be used 
in preference to tight bolts. It may bo taken 
for granted that any garment that compresses 
any part of the body is harmful. The habit 
that working men have of tightly buckling a 
belt round the waist when hard at work is 
most injurious, and may lead to serious strains. 
No garters should bo worn on the legs. Men’s 
boots are, as a rule, sensible ; only, the boot of 
the countryman is generally as unyielding as if 
made of cast iron, rendering perfectly useless 
all the elaborate muscles of the foot. A proper 
boot should follow the natural shape of the foot, 
should be elastic in the waist and sole, and have 
broad, low heels. 

4267 



HIALTH 


Bright-coloured socks or stockings should body. It would also cut right across other organs, 

always be avoided, as even now they too often such as the pancreas and duodenum. Now, it is a 

contain poisonous dyes. Leather leggings and literal fact that even a moderate amount of com- 

puttees are better than waterproof coverings. pression indents the liver with the shape of the 

How a Woman Should Dress. The ribs, produces shortness of breath, palpitation, 

chief errors which occur in women’s clothes are and dyspepsia, while, if carried to excess, the 

the results of the vagaries of fashion. In one or two ribs may be dislocated, the liver nearly cut in 

respects even ordinary clothing greatly en's, but two, and the severest diseases set up. 
it is undoubtedly in fashionable dress that the The natural size of a woman’s waist varies from 
greatest danger lies. Garments cut on health lines 24 in. to 26 in., and all the generations of tight 

only ore contessedly absurd ; for, after all, clothes lacing have not been able to make it smaller, 

have to fulfil many purposes, beauty being one Another evil is the use of heavy woollen skirts 
of them. There are three great laws of health and underskirts tied round the waist, and hanging 

that must be obeyed in the dress ot women, from it. The evil here is not compression, but 

and they are : No compression, no depression, no depression of the internal organs. No strings 

oppression. should be fastened about the middle of the body. 

During the last twenty years there has taken but a well-fitting bodice of some stout material 

place a revolution of the most beneficial character should be worn over elastic corsets sufficiently 

m the 'whole arrangement of a woman’s under- supplied with buttons for the suspension of all 

wear. The numerous petticoats and underskirts the lower garments. Care should be taken to 

long considered so essential, which yet wore so see that the clothing is not too tight under the 

unhealthy and inconvenient, have well-nigh dis- armpits, across the chest, or on the arms, 

appeared. Boots. As to boots, the modem French 

Since the hair of women is more plentiful than article is quite on a par with the Chinese 

that of men, the need for head covering is less ; boot. The only article worth calling a boot, 

hence, as a rule, their bonnets and hats are light, and pretending to be a rational covering for 

and less protective the foot, is one in which the instep or tread 

With regard to the neck, a serious and common is as broad as the tread of the foot, and where 

fault is to wear the collar of the dress far too the too follows to some extent the natural 

tight. Another great fault is the very capricious outline. The general fault about boots is that 

way the neck is treated, at times thickly covered they appear to be made for the hand rather 

with fur boas and stoles, at others uncovered, than for the foot, for the longest part is in the 

When it is habitually left bare, the neck soon middle. This is so with gloves and the hand, 
gets as hardy as the face. but in the case of the boot the longest part is 

Over the under-garment should be worn a at the big toe, on the inner side, and only boots 

well-fitting, but not tight, flexible corset. The thus shaped are right. Most boots also are too 

corset, made of flexible material, is a useful small ; yet it must be remembered that when the 

support to the yielding form of women, though weight of the body is pressed on the foot as in 

an unmitigated evil to growing girls in hindering walking, it increases one-twelfth in length and 

the growth of the muscles of the back and one-eighth in breadth. Some square-toed boots 

producing weakness and curvature in that region. are, however, even greater delusions in their way 

To adults its great evil is not so much m its use than pointed toes, as the former may be very 

as in its abuse. Corsets can bo worn without square at the end and yet too narrow higher uj) 

tight-lacing. The great point is to see that the boot is as broad 

The Abuse of Corsets. Let a tape as the foot at the tread. The curve of the inner 
measure be passed round the naiTOwest part of side should be very slight, and the heel of the 
the corset, and then round the narrowest part boot must be low and broad to give comfort in 

of the body when the corset has been removed. walking. Attention to these matters, and the 

If the latter measure exceeds the first, the wearing of woollen stockings, will preserve the 

person undoubtedly laces tightly ; for, to say foot from chilblains, corns, and bunions. The 

nothing of the thickness of the corset, which waist of the boot, and the soles, as has been 

should therefore measuie quite an inch more said before, should be perfectly flexible, any 
instead of loss than the waist, some allowance rigidity destroying the ijatural spring of the foot, 
should, strictly speaking, be made for breathing. Dress and Good Taste. We urge 
Now, what are the real evils of compressing our readers to choose theii dress judiciously, 

these lowei ribs by corsets and thereby forming and to be assured that it is far bettor taste 

an artificially small waist ? In the first place, and far more impoitant to study quality 

the particular pait of the body that has been than appearance. Let the hat be plain and 

selected for squeezing down to seventeen or serviceable enough to stand a shower. T^et 

eighteen inches is, unfortunately, the most im- the dress be of good material and not too heavy 

portant in the body. If the staylace wound or weighted down with useless flounces or trim- 

about this part coula be drawn tight enough to mings. Let the underclothing especially be of 

pass through the body, it would pass clean wool, loose and warm. Let the boots be strong 

through the stomach, liver, and spleen ; it would and well shaped. Let everything be good of 
divide the bases of both lungs, and just miss the its kind. It is a matter of regret that in this 
hea^ above and the kidneys below. It would country so few dress plainly and according to 

divide the main blood-vessels and nerves of the their occupations. 

Continued 
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follow a strict classification, but consider them 
all as belonging to the great group of cutters. 
This will be more convenient, being more in 
harmony with the variations that occur in tools 
of the same name and with the results which 
roduce. 

ling Cutters. The employment of 
single, narrow-edged tools of the chisel type, 
described in the preceding article, for operating 
on broad surfaces would appear rather incon- 
gruous even to an observer who knew nothing 
about workshop practice. And it has, in fact, 
always been considered most unsatisfactory by 
engineers that a powerful machine often costing 
hundreds of pounds should be used to operate 
one little tool taking off a slice, say J in. wide. 
Many attempts have been made to remedy so 
anomalous a condition of things. But experience 
has proved that it is difficult to multiply single 
cutting tools on a machine unless the work is 
of a very simple and repetitive character. Hence, 
improvement has come in another way. Instead 
of attempting to multiply these tools, the device 
is adopted of arranging a number of cutting 
edges in a circular form, and of operating them 
in rotation. Instead of taking off a narrow 
shaving of considerable depth, a broad but 
shallow cut is taken. These tools are termed 
milling cutters. The conditions of operation are 
different in the two systems, but the final results 
are similar. The milling cutter is more eco- 
nomical, and is much better adapted for some 
classes of work than single-edged tools are. 

The milling cutters contain a large number 
of teeth arranged in circular form, each of which 
cuts in succession. Tlie width may range from 
Jth in. to 24 in., or even more, so that surfaces 
of any reasonable breadth arc finished without any 
movement or feed of the cutters transversely. 
But the teeth are not precisely like those of 
common tools. The front or top face-s are 
nearly, or quite, normal to the surface of the 
work, so that the action is less that of true cut- 
ting than that of scraping. But what is lost in 
this way is more than gained by the multipli- 
cation of cutting edges and by the advantage 
of periods of rest intervening, due to each cut- 
ting edge revolving in air before taking a second 
cut, which gives it time to cool off. 

Value of Milling Cutters. The cutting 
edges may be arranged round the periphery of 
a circle (edge mills)^ or on the face of a 
disc (face mills). They may occur in planes, 
or in any profiles, more or less irregular in 
contour. And one of the principal advantages 
derived from these cutters is due to the fact 
that they will produce irregular outlines, which 
cannot be nearly so well done by single-edged 
tools. They are immensely superior in this 
respect to any single tools, because the mill is 
made to the reverse form of the profile required, 
and thus finishes at once to shape. In form 
cutting also, outlines are produced which would 
be almost impossible of formation in any other 
machine. So mmonse is the development of mill- 
ing practice that in many shops from 25 per cent, 
to 50 per cent, of the work formerly done on 
reciprocating machines of the planer, shaper, 


and Blotter types is now executed by milling. 
In the cycle, sewing machine, and gun making in- 
dustries, in which regular forms are so common, 
these cutters are us^ more extensively than in 
general engineering. The essential principle is the 
substitution of a multitude of cutting edges 
for one only. As the milling cutter revolves 
each edge operates in succession on the work 
which is passed under or alongside of it, with 
the result that a larger quantity is removed in a 
given time than would be possible with a single- 
edged tool, and generally the surface cut is 
much smoother. While, further, the width 
which can bo covered by the edge of a single 
tool is always narrow, that which can be covered 
by a mill is almost unlimited. The only limit to 
width is the difficulty of the prevention of vibra- 
i on in the mandrel or arbor which carries the 
milling cutter or cutteis. A milling cutter can 
be driven twice or thrice as fast as a single cut- 
ting tool without getting hot. 

The present growth of the milling cutters 
’Should never have been achieved but for the 
emery wheel. Tlie early cutters had their 
temper drawn as often as the teeth became dull 
or damaged, to permit of refiling, after which 
rehardening followed. This, with its inevitable 
concomitant of distortion, rendered accurate 
results impossible. Actually, fine finishing was 
not attempted with the eorly cutters ; they 
were used as roughing-out tools only or as 
preliminary to the subsequent con’ections of the 
fitter or machinist. But when the emery wheel 
and its machines rendered the exact grinding 
of hardened cutters practicable, then the victory 
of the cutter became assured. 

Relieving. Another event in the history 
of the cutter which contributed greatly to its 
success was the hacking-off or relieving of the 
teeth in such a way that the sectional form of 
the teeth was not altered by any number of 
regrindings. The backed-off cutter has a 
centre eccentric in relation to the cutter centre 
from which the tooth cuive is struck [24, A], 
so that whatever shape the tooth may present 
in profile is continued back over the width of the 
edge. Grinding, therefoi’e, on the face, a, does 
not alter the form which will be milled, but only 
thins the tooth, and renders it weaker. The 
ordinary cutter [24, B] has no permanent pro- 
file, but is ground on the edge, a. This may be 
done to a definite outline, but is not nearly so 
simple a matter as the sljarpening of the backed- 
off mill. Another advantage of the latter is 
that the teeth are much stronger, and able to 
take heavier cuts. Material help was afforded 
to the backed-off cutters by the invention of 
the relieving lathe, in which the tool slide of the 
rest receives a definite reciprocating motion for 
each tooth that is brought round and presented 
to it. All the teeth on a cutter are thus backed 
off alike, and rapidly, and so the labour of filing 
the clearance by hand is saved. Filing, more- 
over, would be a most difficult method of pro- 
ducing the profile. 

VariattoM In Design. The milling 
cutter has also grown with the machine until 
it has become a protean tool. It is made very 
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small and very largo, with solid and with in- 
serted teeth, suitable for finishing or for slogging. 
The staggered and the inserted teeth both have 
this end in view. On the other hand, the spiral 
arrangement of the teeth of mills has been 
a great factor in producing smoothness of cut- 
ting. There is no rule for this practice, which 
goes over a wide range, from a moderate twist 
to a very great amount, especially in some 
of the French mills. The shearing cut produced 
lessens chatter, and chatter has alw^ays been an 
evil to which milling cutters are peculiarly 
liable. Fig. 25 illustrates the difference betw een 
straight and spiral teeth, the one, a narrow 
cutter, being straight faced ; the other, a wide 
one, having the teeth slanting. End mills 
[26] are also made straight and spiral. The 
staggered mills [27] are used <*hiefly for heavy 
roughing, the teeth being divided up into short 
sections by a spiral groove rimning around so that 
the chips break up into short pieces and so do not 
clog the action like long, stiff cuttings. 

Inserted Teeth. The inserted - tooth 
cutters are made with the object of saving 
tool steel, and of giving facility for manufacture. 
One good method of fitting is that in 28 A, 
where the flat cutters are held in the cast-iron 
body by taper pins, which arc driven in the sawn 
slots to open these out and jam the cutters on 
each side firmly. The cutters may be set 
straiglit faced, as shown at A, or on an angle, 
as at B, to give a shearing cut. Another device, 
also depending on w^edge action, is that in 28 B. 
Here each pair of teeth is held by a strip wedge, 
jammed in with three or more set-screws. 8o 
long as tbe screws are tightened up, the cutters 
cannot move. They are frequently mode with 
notches, so that a staggered effect is produced 
similarly to 27, the notches in one cutter coming 
alternately to those in the next cutter, 

A simpler method is followed in the large 
face or ending mills, which are made up to 
several feet in diameter, set -screws, one or more 
to each tooth, being used for fastening, as in 
29. Several dozen tool points may be held thus 
in a large disc. 

Form Mills. Form mills occur in in- 
numerable shapes, including straight and curved 
portions, or in the latter alone. They are made 
in very intricate outlines, but as backing-off 
is done, the strength of teeth is ample, and the 
cutter remains in use for a long period. It is 
usually more convenient to build up difficult 
shapes from several separate cutters, stringing 
them together upon an arbor. A few examples 
of form mills are given in 80. 

Built-up Mills. In 81 , examples of built- 
up mills for circular milling are shown, the wnrk 
revolving against the rotating cutter, which tools 
the edges and faces simultaneously in less time 
than they could be turned. A employs three 
cutters for milling a gear-wheel blank on tho 
rim ; B mills a rope-pulley with two grooves ; 
while C shows two cutters tooling a bevel-wheel 
blank. There is hardly any limit to the profiles 
wluch can be thus treated, the number of cutters 
being increased if necessary. The wear of the 
side-cutters may be compensated for in A and B 
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by placing washers between the three cutters 
and inserting fresh thinner ones when regrinding 
has reduced the height of teeth of the outer 
cutters. t 

A profile cutter of a different style is that 
shown in 32, a worm hob on the Reinecker 
system. It is turned up to the form of a triple 
threaded worm, grooved and backed off. The 
tapered form is produced in order to hob the 
wheel in successive stages to the full depth. 

Drills and Allied Tools. In drills we 
see that precisely the same principles hold good 
among these as among other tools, and that 
they afford examples ot tools some of which act 
by scraping only, others by true cutting. Tlie 
best form of drill is the twist type [83, A]. 
Although a twist is imparted to the body of the 
drill in order to allow of the free passage of the 
chips upwards without choking, yet it also 
fulfils the very important function of imparting 
front rake to tho cutting edge, an advantage 
which is absent from the common flat type [38, B]. 
Since the cutting edge is ground transversely to 
the face of the twist, the angle which the twist 
makes with the vertical equals the amount of 
front rake, and is constant. Also the lottom 
of the drill is ground slightly backward, and this 
gives the angle of relief, or clearance. '1 hus, the 
exact conditions of a true cutting tool are 
fulfilled here. In tho flat drills, however, there 
can not only be no front rake, but the reverse 
very often, rake being negative, the cutting face 
actually leaning over from the perpendicular [B], 
which leaning over is necessary in order to keep 
the point or apex of the cutting edges as thin as 
possible. But the angle of relief is present, 
being imparted by the binding backwards of the 
c'dges. In tho lip drills, front top rake is 
imparted sometimes by turning up the lips, or 
by filling grooves in front of tho cutting edges. 
These, however, have the disadvantage of not 
maintaining their edges so long as the flat drills ; 
the grooves soon disappear by sharpening. 

Efficiency of Drills. Badly formed 
though the flat drill is theoretically, yet as a 
drilling instrument it is very efficient. For it 
is a case of two equal and opposite forces — that 
is, of course, supposing that the drill is ground 
symmetrically — whicli balance each other, and 
maintain the tool in equilibrium. Moreover, the 
downward pressure of the tool in a conical - 
ended hole tends to preserve its concentricity, 
allows any force to bo impressed upon it within 
the limits of the strength of the drill, and 
nullifies the very bad shape of the drill-point, 
which, passing straight across from face to face, 
can never actually cut, but only scrape and 
crush the metal. The slight amount of parallelism 
of the shank above the cutting edge also helps 
materially in the true guidance of the drill. But 
in the twist-drill we have almost absolute per- 
fection — parallelism, front and back rake, and 
a clear passage for the chips, so that these drills 
must eventually drive all others out of the shops 
for general work. The outputs of twist-drills are 
matly increased by an abundant supply of 
lubricant, which is conveyed to the point either 
through holes in the body of the drill, or through 
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tubes lying in grooves along the body. A pump washer. Different sized bushes may be sub- 

must be used to give sufficient piessun^ to force stituted to suit the drilled holes to be counter- 

the lubricant in and wash out the chips. bored. A simple type for large holes is that at C, 

The straight-fluted drill [38, C] does not the cutter being held in its bar by a wedge, so 

possess top rake, and is therefore of more value that it is readily removable, 
for brass ^an for the fibrous metals. It has the Boring Tools. There is also a large group 

advantage that on breaking through the metal of tools used in boring. First, there is the D-bit, 

at the end of the hole it does not tend to twist or half-round bit [85, A], which is capable of bor- 
and run through, as twist-drills do. T\^o ing holes many feet deep, provided efficient 

modifications of the fiat drill are shown at D lubrication be provided. It is used in the lathe 

and E, used chiefly for brasswork, and generally and fed into its work by the loose poppet, or 

in turret lathes. Ddrill» a hole of two diameters, by the slide rest. It is a cutting tool, having 

with a shoulder, being followed by a reamer when slight top rake provided by the u'^tanding 
necessary, and E produces two diameters, the body comer lip. Plat bits form a goodly proportion 

being serrated to break up the chips. F is a of the boring tools used in the lathe for the holes 

^slot drill, used for producing longitudinal slots, in pulleys, wheels, bearings, etc. No top rake is, 

such as cottar ways and key ways, either the of course, present. Fig. 85, B, is a style cutting 

work or the tool travelling. on the front and along the edges ; it is fed up 

Counterborea. C^unterbores resemble by the poppet, and steadied close to the work 

drills in their action, but are used for enlarging by a rest having a fiat slot in it. A device often 
the end of a hole already drilled, to receive the adopted is to screw blocks of hard wood to each 

head of a pin or bolt or screw. A plain forged side of the bit as at C, with the object of steady- 

form [84,A] has lips projecting from the shank, ing it in the hole and preventing chatter. This is 
so that they out an annulus of metal, the pin the chief trouble with these fiat bits, want of 

below keeping the tool central. The style at B ^dance, so that unless care be taken they will 

permits of readily changing cutters and guides. follow the run of the cored hole, and result in 

The cutter is held by the centr^ set-screw pressing untrue holes. In order to save tool steel, bits 

witb its point, white the rade below the cutter are frequently pinched in the end of a bar [^, D] 
takes the form of a bush held on by the nut and with a set screw. 
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Boring Bars and Heads. Boring bars, 
which are revolved between the centres of a 
lathe, or in the boring machine, carry either a 
single cutter or a ring of cutters. For small 
holes the single cutter is very suitable ; in fact, 
there is often no room to get more than one 
cutter to work. Fig. 36, A, is a square cutter 
held in the bar with a we^e. The cutter has no 
front rake ; B is a double-ended cutter fastened 
with a set screw ; C shows a double-ended flat 
cutter wedged in ; it cuts on front edges, and 
along the sides also ; D is a cutter secured 
centrally by cutting out a notch in the front, so 
that the two shoulders fit over the mouth of 
the slot in the bar, and prevent risk of lateral 
movement. 

The boring head with cutters, used under so 
many modifications, consists usually of an as- 
semblage of scraping tools, notwithstanding that 
true cutting tools are often employed in the 
same head. The advantage of the arrangement 
consists in this, that the cutting forces are 
balanced all around the bar, and the latter is 
therefore less liable to spring and is better able 
to bore a tru^hole ; also, that in direct pro- 
portion to th^Rumber of cutters employed can 
the traverse feed be increased, because the dutv 
is divided between all the cutters. Thus, a block 
with six cutters can be fed at six times the speed 
of a single tool. Fig. 36, E, shows a block with 
three cutters held in with wedges. There are 
also three hardwood strips driven into grooves 
alternating with the cutters, the object being to 
steady the head in the bore. Another style of 
head, shown at F, has six square cutters, each 
gripped with a couple of set screws. A good 
many heads of this style are built, with an in- 
creased number of cutters in the larger sizes. 

Reamers. These are generally scraping 
tools, but some have a slight amount of front 
rake. A rose reamer (or broach) is seen in 
37, A, and examples of fluted reamers at B, 0, 
D, and E, These are of different design, but not 
different in their functions. They are used for 
enlarging holes to a finished dimension very 
slightly in excess of that left by a drill, and with 
a degree of accuracy usually unattainable with a 
drill. Also, even supposing the drill to be in 
good condition and the holes true individually, 
yet when two or more such holes have to come 
m juxtaposition to each other to take a single 
bolt or pin, there is often a want of strict align- 
ment. Then the holes, being all reamered out at 
one operation, are true. 

Fluted Reamers. The fluted reamers 
are eitW straight or spirally fluted, the two 
forms being shown at B and C. The latter 
has a smoother action. A device used in some 
cases is to form a fine thread for a short 
distance on the end of a reamer^ so that it 
is drawn into the hole without excessive push- 
ing effort on the part of the operator. The 
form of serrations usually made in reamers is 
shown in section at D, the front of the tooth 
pointing radially to the centre, while the back is 


cleared off in a slight curve. Alternatively a flat 
clearance may be formed. The edges of tlu‘ 
teeth are either backed off with a flat, or with a 
curve, like relieved milling cutters, the latter 
form being rather stronger. 

Shell Reamers. The hollow or shell 
reamers are made to fit on an arbor, a slot at 
the back of the reamer being driven by a cottar 
in the arbor. The flutes are either straight, as 
at E, or spiral. These shell reamers are of 
larger size than the solid types ; by mounting 
one or more on a long arbor, holes in line 
may be reamered out in alignment. A device* 
which is followed by some makers is to make 
an odd number of flutes, and sometimes to 
spaee them unequally, so that the teeth are les^ 
likely to follow the course of an irregular hole. 



37. REAMERS 


The disadvantage of the solid reamers is that 
they soon lose their original diameter by sharpen- 
ing, and therefore cut under size. There are a large 
number of adjustable types constructed to in- 
crease the diameter from time to time. In 37, F, 
six blades of bevelled, section are fitted into 
corresponding grooves in th^ body, these grooves 
tapering upwards towards the shank. As the 
diameter of the circle of blades becomes reduced, 
they are hammered farther into the grooves, 
thus increasing the diameter. When the limit 
of driving up is reached, a new set of blades is 
provided. Another method of fitting, shown in 
87, G, involves the use of a central tapered plug, 
which, when screwed inwards, forces the blades 
out, the lock nut at the end being first slackened 
to permit of the adjustment being made. This 
principle of using a taper to expand the blades 
is followed in several other designs of adjustable 
reamers. 
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its glorious traditions and the opportunities 
it offers for seeing the world, the Royal Navy 
appeals alike to the patriotic and the adventurous 
instincts of a boy. The modern tendency towards 
comfort has shorn the Service of its hardship, 
and the opportunities for advancement make an 
appeal to a lad who loves the sea and is willing 
to work hard at an interesting career for a 
living wage and a comfortable pension. As the 
science of war advances so does the standard 
of intelligonco, and to-day it is necessary for a 
Navy man not only to be strong, but also to 
hav(‘ brains to direct his energy aright. For the 
past t50 years the class of sailor has been im- 
proving, till to-day he ranks high among the 
skilled workers. 

So high is the standiird of efficiency required 
of petty offieers that the barrier between tlin‘ 
officer and man is no longer insurmountable, and 
to-day a youth who enters the Navy at the age 
of 16 may well hope to reach a commission before 
lie retires from the Service. Even should the hopt' 
fail to materialise, his training lias been such 
that there is an excellent iwospect of obtaining 
civil employment ashore. 

How to Join the Navy. Application 
may be made to the station officer of any coast- 
guard station ; to the Royal Marine Recruiting 
staff officer at Belfast, Birmingham. Bristol, 
Exeter, Glasgow, Liverpool, London, Manchester, 
Nottingham, Southampton, or York ; to the 
Commodore of the Royal Naval Barracks at Boi ts- 
mouth, Ilevonport, Chatham, and Sheemess, and 
the Naval Recruiting officers attached to those 
ports ; or at one of the outlying stations which 
are scattered through the large towns of the 
British Isles. 

The standards vary from time to time, but 
it may generally be understood that a youtli 
or man who possesses the qualifications set forth 
in the table may expect to be admitted os far as 
his ph 3 rsical requirements go. It should be ob- 
served with regard to chest measurement that 
the examining officer notes particularly the 
difference between the size of the expanded and 
contracted chest. This difference should not 
be loss than two inches. 

In reply to an application, a form is supplied 
to the candidate whicb he is required to nil up, 
and if his replies be satisfactory, he is provision- 
ally examin^. He is then sent vO one of the 
depots for a final medical examination, the trade 
test (if the candidate desire to enter one of 
the trade openings), and a simple educational 
examination. If he fails to pass, his faro is paid 
home. 

The physical standards required of candidates 
for the Royal Navy are as in the following table; 


A;ie. 

IleUiit 

without 

Shoes. 

Mean 

t’hest Measinenient. 

BoiJH : 

l.'if and uiidt ‘1 Ifi 

."> ft. 2 in. 

32> in. 

Id „ .. KH 

f) 2\ 

33 „ 

Id] „ ,♦ Idi 

Youths * 

•') M 'i M 


Idf and under 17 

T) tt, 2’ in. 

33 ill. * 

17 „ 17i 

r. „ 3 „ 

33\ „ 

17i „ 18 

5 „ 3'. „ 

34 „ 

Ssamen, Sfierial Service: 


is and under in 

Ti ft. 3 in. 

31 in. If ft. .'i in., 34^ in. 

10 „ „ 20 

4 „ 

34’. „ Or over, 3n „ 

20 „ „ 21 

r» „ r, „ 

ar, „ It .-ift. 7 In , 35i „ 

*0\er 21 

,, o ,, 

S.')! ,, Or over, 30 ,, 

Stokers, Continuous or Special Service : 1 

IS and under 10 

r. ft. 3 in. 

34^, III. It ft . T) in., 33 in. 

10 „ 20 

M 

33 ,, Orover, 33^,, 

20 „ 21 

T) „ 3 „ 

33’,,, If 3 ft. 7 in., 3d „ 

<hei 21 

•’» M M 

3d ,, Orover, 30^ in. 

Domestics : 

Id uih! under 18 

ft. 0 in. 

32* in. 

<her IS 

.') ,, 3 ,, 

33i „ 

Sick"herth Attendants ’ 


18 and undei 10 

ft. 4 in. 

31 in. If 3 ft. din., 36 in. 

10 „ ,, 20 

if f, 4 „ 

341 ,, Orover, 33 „ 

20 „ „ 22 

o M 4 ,, 

33 „ „ „ 33i „ 

Ot un\ ni^e between 5 ft. 3 in., 



aiid 3 ft. d 111 ., 34^ in. 

Emtne-room Artificers, Electricians, Armourers, Jilack‘ I 

smiths, < 'arpenters, ( 'oopers, 1 

*l umbers, and ( Utoks* Mates : 

is and under 20 

r» ft. 3 in. 

34 in. 

20 „ 22 

„ 4 „ 

34'. „ 

22 . 2.’{ 


33 „ 

0\eJ 23 

a M 4 „ 

33i „ 

Ship’s Stewards or Writers : Xo fl\ed )»h.\sieal ataiidard. 

• With Ailmiralty anlhonlj up to 

Noik. Tliese sfundaids are liable to alteration oeeordinp 

to the sn|>|>l.\ (rf and demand for reeniitH. 


Special Service. There are two varieties 
of service — continuous and special. A Special 
Service man enters between the ages of 18 and 
2.5, agreeing to serve for the first five years with 
the Fleet, and for tiie remaining seven years in 
the Reserve. Pioviding he rf ‘aches the rating of 
able seaman, he may earn one good conduct 
badge at the end of his first three years’ service. 
This bears 7d. a week extra pay. If the man 
enters the Navy from the Mercantile Marine, lie 
may even earn this badge at the end of twelve 
months. An additional 7d. a week may bo 
earned by those who qualify as trained men. On 
transfer to the Reserve, with a retainer of (id. 
a day, the man is liable to one week’s training 
every year, or a fortnight every other year. 
In case of national emergency he is, of course, 
obliged to join the Fleet. If, after his 12 years’ 
service is complete, the reservist elects to continue 
to re-enrol for successive periods of five years, he 
will receive a gratuity of £50 when discharged 
on completing 20 years’ combined service in 
Fleet and Reserve ; but no man will receive the 
gratuity or be I’oleased from liability for active 

4265 






AKIMY AND NAVY 


service until ho reaches the age of 40 years. 
A speoial Service man has, be it observed, no 
chance of rising to warrant officer rank. 

Stokers may enter the Navy in the Speoial 
Service class in much the same fashion as seamen. 
They must complete five years in active service 
and seven in the Reserve. Good conduct badges 
can be won in the same way as we have outlined 
above, and the gratuity on completing 20 years’ 
combined service is the same. Speoial Service 
stokers do not, as a rule, rise above the rank of 
leading stoker, and it is hardly possible to rise 
even so far in the five years. 

Generally, therefore, it may be said that in the 
Special Service there is no great prospect of 
a career. It is, however, an avenue for the men 
of the Mercantile Marine. They have five years’ 
training, which is most valuable on returning to 
their civil occupation, and it secures them a 
retaining fee to add to their wages. 

Continuous Service. Men of all ratings 
sign on for 12 years, at the end of which time 
they may re-engage for another 10 years to 
complete their service for a pension. At the end 
of 22 years’ service they may retire with a 
pension, or they may be allowea in special cases, 
if tlieir conduct has been all that could be desired, 
and if they have progressed satisfactorily, to 
serve until the age of 50, with an increase to 
their pension for eveiy year’s further service as 

)tty officer. It is a condition with men and 

lys of the seaman or stoker class enlisted after 
March, 1901, that to qualify for the long-service 
pension they must belong to the Royal Fleet 
Reserve up to the age of 50. 

Men disabled or invalided out of the Service 
are dealt with fairly generously on a sliding scale 
by pension or gratuity, accordii^ to the nature 
of &eir disablement and the circumstances in 
which they are placed. Men disabled in the exe- 
cution of their duty are awarded life pensions, 
irrespective of the length of their services. 
Furthermore, a grant of £22,000 a year is made 
by Greenwich Hospital for the assistance of 
seamen or Marines who have no naval pension or 
whose pension is small. Pensions to widows, etc., 
are another feature of the benevolent side of 
the Service. Another most excellent institution 
is the Greenwich Hospital School, where 1,000 
sons of seamen and l^rines are educated and 
maintained free of cost. In addition, 100 boys 
and 150 girls are maintained at various homes. 

All men, whether for continuous or special 
service, receive a grant towards the cost of their 
outfit and bedding. ^ In addition to their pay they 
receive free rations on a scale greatly improvea 
in recent years. Out of this, by carerul manage- 
ment, it is possible to effect ** savings,” which are 
credited to the man, and go to buy luxuries. 

Boys. A boy must be of good character, 
must produce a birth certificate, or a declaration 
made by his parents before a magistrate that he 
is of the proper age, and the written oons^t of 
parent or guardian to his entering the Navy and 
to his agreeing to serve until he has completed 12 
years’ continuous service from the age of 18. 
He must be able to read and write a passage 
from a Standard IV. reading-book, to write a 


PAY OP WARRANT OFFICERS, PETTY 
OFFICERS, AND MEN. 


Chief Gunner, 
Boatswain, or 
Carpenter 
Gunner, Boat- 
swain, or Car- 
penter 

Cnief Artificer 
Engineer 


Artificer 

giiieer 


En- 


Per Annum. 

Per Day. 

£ B. d. 

£ B. d. 

182 10 0 

0 10 0 

to 

to 

210 0 0 

0 12 0 

100 7 6 

0 5 6 

to 

to 

164 6 0 

0 0 0 

200 17 6 

0 11 6 

to 1 

to 

246 7 6 

0 13 6 

155 2 6 

0 8 6 

to 

to 

101 12 6 

1 10 6 


With 
Allowances 
Jor Speoial 
Doties and 
CertificateB 
' G. or T.G. 





Per Day. 



a. 

d. 


B. 

d. 

Master at Arms 

4 

0 

to 

6 

0 

Cliief Engine-room Artificer . . 

7 

0 

to 

7 

6 

Chief Electrician 

7 

0 

to 

7 

6 

Ciiief Petty Officer . . . . 

2 

8 

to 

3 

2 

Chief Yeoman of Signals 

2 11 

to 

8 

5 

Engine-room Artificers . . . . 

b 

6 

to 

6 

6 

Mechanician 

3 

0 

to 

5 

0 

Electrician 

5 

6 

to 

6 

6 

Chief Stoker 

3 

0 

to 

6 

0 

First Class Potty Officer . . . . 

2 

2 

to 

2 

5 

Yeoman of Signals 

2 

5 

to 

2 

8 

Acting Stoker Petty Officer . . 

2 

10 




Leading Stoker 

2 

8 

to 

2 

6 

Second Petty Ofiloer . . . . 

2 

0 





Leading Shipwright 
Leading Seaman 
Leading Signalman 
Able Seaman 
Qualified Signalman 

Stoker 

, 2nd Class 


Per Day. 
B. d. 


4 » 
1 0 
2 {) 

1 7 
1 10 

2 0 
1 8 


Ordinary Seaman 
Signal Boy 
Boy, 1st (Hass . . 
„ 2nd Class .. 

Boy Artificer . . 


Per Day. 

B. d. 
..13 
..0 7 
..0 7 
..0 6 
fO 6 
to 
lO 1 


1 ROYAL MARINES. | 

Colour -Sergt., R.M.A. . . 
Sergeant, R.M.A. 
Cori:K>ral, R.M.A. 
Bombardier, R.M.A. .. 
Gunner, R.M.A 

Per Day. 
s. d. 

4 2 

3 7 

2 11 

2 8 

1 7 

Per Day. 
B. d. 

L.I. ..8 6 

L.I. ..2 9 

L.I. ..21 

Private, L.1. 1 4 


similar passage from dictation, and to have 
a fair knowledge of the first four rules of 
arithmetic. 

On acceptance, the boy is sent to a harbour 
training ship, and is oredited with £10, with 
which he must purchase the kit laid down in the 
regulations, the sum remaining over being placed 
to his credit for future expenses, for ho will in 
future have to depend almost entirely on himself 
for new clothes. 

After six or twelve months’ training on board 
the harbour ship the boy, is drafted to a sea- 
going training ship to gain a Imowledgo of sea- 
manship and gunnery. 

Youths. Youths entering between 16 and 17 
years of age must have the consent of parent or 
guardian and join the training ship direct, with- 
out harbour service. They are rated as second- 
class boys for the first three months. Later, 
boys and youths are rated as first-class boys 
until they are 18 years of age. Before attaining 
this rating, be it observed, they must learn to 
swim. 

The oruise ended, and the boys havii^ reached 
the age of 18, they are sent to take their placo in 
the ranks of the Navy as ordinary seamen. No 
examination is required for this rating, and it is 
only now that the ambitious young man has a 
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chaiice of showing what he is worth. He goes to 
sea in one of his Majesty's warships, and he has 
the opportunity of learning from his ofl&cers and 
the insR'uctors mnething practical of gunnery, 
seamanship, and sufficient engineering practice 
to pass his examination for able seaman. 

Examinatioii for Able Seaman. This 
examination is of the most practical nature 
imaginable, and consists of the following tests. 

A fair knowledge o^ steering a ship, heaving 
the lead, rowing, knotting and splicing (hemi^ 
and wire rope), and general duties of seamanship; 
gunnery, torpedo, and field training, which he 
has learnt during his novitiate. He must be 
able to use simple engineers’ tools and do ordin- 
ary stokehold work, such as sweeping tubes, 
cleaning boilers, etc. He must also have a 
knowledge of bvmker work, firing, and watcli 
keeping, all of which he will have learnt during 
his 30 days’ course on board ship, during which 
time ho is attached to the engine-room staff and 
is under the orders of the engineer. Further- 
more', he must be able to make and read slowly 
a signal in semaphore, and understand the use 
of the fiags used in flag signalling. 

As able seaman he will turn his mind to 
gunnery, and will receive instruction in gun- 
laying, sight -setting, etc., from the gunnery 
lieutenant and the gunner, and in torpedo woj’k, 
HO as to gain the badges of seaman gun-layer, 
or seaman torpedo man, or turret gun-layer, etc., 
each distinction earning him a badge, and each 
badge can'ying with it increase of pay, vai*ying 
according to the qualification. 

He will bear in mind also the good conduct 
badge which he will be permitted to wear after 
three years’ service as seaman, with a “ very 
good” character from his captain. These 
badges, awai'ded at the end of 3, 8, and 13 years’ 
service, carry with them extra pay at the rate 
of Id. per day each. 

Leading Seaman. Leading seaman is 
the next step in the sailor’s career, which means 
that he is a good helmsman and leadsman, able 
to assist in bailinaking and repairing ; a practical 
rigger. He must have a thorough knowledge of 
the practical side of gunnery ; he must be able 
to make and read semaphore signals, and he 
must know the use and colours of such flags and 
pennants as will enable him to look out a signal 
in the boat’s signal book. His examination is 
carried out in a sea-going ship, and qualifies him 
for promotion to second-class petty officer. 

Petty Officer. As petty officer the man 
must, to a certain extent, remodel his existence. 
He is now in authority ; he is directly responsible 
to his superiors that discipline is maintained, 
and that the men under his charge do their duty 
efficiently. By this time he will have made up 
his mind whether he prefers the duties of mere 
seamanship and the working of a ship, or whether 
the guns attract him more. In the first case 
his goal will be that of boatswain, and in the 
latter he will aspire to the position of gunner. 

It is of the highest importance nowa^^rs that 
men should take the earliest opportunity of 
qualifying in gunnery and torpwo work, for 
more and more attention is being paid to these 


branches of a seaman’s education, and it may 
quite easily happen that his promotion will be 
very seriously retarded by the lack of a 
certificate. 

Fiom 2nd class potty officer the man is 
promoted to Ist class petty officer, and lastly 
he reaches the rating of chief petty officer or 
warrant rank (gunner or boatswain), when he 
drops the blu(‘ jacket’s characteristic garb for the 
blue cloth coat and peaked cap. 

Chief Petty Officer. Candidates for chief 
|ietty officer arc not put on the roster until they 
have five years’ service', witli a very good char- 
acter. Then their names are put down for pro- 
motion, and in due course they are selected by 
seniority, tempered by selection, on the reports 
of service and attainments. Since a warrant 
officer or a chic^f petty officer comes into close 
contact with the officers of the ship, it is most 
desiral)le that he should have taken every 
possibh' step to improve his education and his 
manners in the time of waiting by the assistance 
of lh(‘ instructor and by private study. 

Chief petty officer is the highest position 
reaclu'd by the majority of seamen. The man 
for whom this article is written, however, will 
aspire to climb yet one step higher to the com- 
missioned rank of lieutenant. For this rank it 
is essential that his education should be excellent, 
for he may have to live in the ward-room with 
college-trained officers, and this point is taken 
into consideration in selecting men for commis- 
sions. It should be noted that commissions are 
given only to chi(*f petty officers under 44 years 
of age, and that warrant officers must reach that 
rank before tliey arc 35. 

Promotion in the Navy. To give some 
idea of the rate of promotion in the Navy, it 
may be said tliat a smart young man with a fair 
education might hope, with luck and diligence, 
to reach the rank of second or lirst-class petty 
officer by the time he is 24, and to become chief 
})etty officer at 28 or 30 years of age. Warrant 
rank would come in about the same time. 

It should not be forgotten that for chief petty 
officers and warrant officers thei'c arc many good 
shore billets in the shape of instruotorships at 
the coll<*ges, at torpedo and gunnery schools, 
which not only cai'ry with them a handsome 
increase of pay, but provide a most comfortable 
home for a man who has, perhaps, tired of the 
perpetual change of quarters which the exigencies i 
of naval service involve. Tlu'sc* go, of courses 
to men who are favourably reported to head- 
quarters as being energetic, trustworthy, and 
who, by their application to the theoretical side 
of their work, have fitted themselves for the 
posts. 

Engine-room Staff, Boys may be en- 
tered as boy artificers between the ages of 15 
and 16 after passing the usual medical examina- 
tion and on educational test of ability to read 
and write. They agree to serve for 12 years’ 
continuous service from the age of 18. 

On entry the boy artificer is }>laced on the 
ship’s books for training at one of the home ports, 
and for the first four years is learning his trade 
as a workman under an instructor ; is instructed 
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in steam and in general engineering subjects 
by an engineer instructor, and in general 
knowledge a schoolmaster. His duty in life 
will be the care and repair of engines as com- 
pared with the stoker class, whose business is 
to drive them. After the four years’ course, 
and a final examination in the subjects studied, 
he is classed as engine-room artificer 5th rate. 
He goes to sea for a year, and if he can pass 
the examination outlined below he is rated 
as acting engine-room artificer 4th class. It is 
possible for a practical engineer between 21 and 
28 years of age to enter direct if he is able 
to pass the examination, which is as follows : 
A knowledge of the first four rules of arithmetic ; 
ability to read and write well enough to record 
the working of engines and boilers ; a general 
acquaintance with the names, uses of parts of 
marine engines ; ability to run engines and to 
effect the ordinary repairs of an engine-room 
Candidates who hold a Board of Trade engineer’s 
certificate, 1st or 2nd class, are excused this 
examination. After one year’s service as acting 
engine-room artificer 4th class, the man, on 
obtaining a certificate from the captain that he 
is capable of taking charge of a watch in the 
stokehold, and that he is an efficient workman 
worthy of confirmation in his rank, becomes a 
4th class artificer. 

After throe years’ service above the rank of 
5th class artificer, he passes to 3rd class artificer ; 
in another seven years to 2nd class artificer, and, 
if he engages for another 10 years, to engine- 
room artificer 1st class. Above this lies chief 
engine-room artificer 2nd class, for which he 
must pass an examination in arithmetic up to 
vulgar and decimal fractions, and show his 
practical knowledge by being able, for ekample. 
to estimate bunker capacity or a cylindrical 
oil tank’s contents. His knowledge of engineer- 
ing must be wide and practical. He must know 
the best methods of prevention and cure of 
ordinary engine and boiler room casualties ; 
must understand the management of boilers 
generally, and the running and use of valves ; 
have a good knowledge of indicator diagrams 
and the calculation of horse-power ; imderstand 
the adjustment of bearings and the fitting of 
brasses. 

Six years in this rating qualifies him for chief 
engine-room artificer 1st class. Chief engine- 
room artificers of 29 years of age are eligible for 
advancement to warrant rank on passing the 
examination for artificer engineer and receive 
a gratuity of £25. These, again, may pss to 
chief artificer engineers, from whom, by selection, 
are chosen a few engineer lieutenants. 

StokerR. The men who tend the boilers are 
in a far better position to-day than they were 
formerly. “ Once a stoker always a stoker ” 
used to be the saying ; but now, by good con- 
duct and willingness to work at the theoretical 
side of his trade, the stoker can rise to be chief 
petty officer, and even attain warrant rank, 
thoi^ few stokers expect the latter. An able- 
howd man of good character and physical 
development, without previous experience, may 
enter as 2nd class stoker. After a period of 


instruction in his duties and in rifle, pistol, and 
cutlass drill (for a stoker must know how to 
fight nowadays), he is promoted to stoker on 
completing a year’s service. « 

After four years’ service comes a test examina- 
tion based on the “Steam Manual*’ (Articles 
361 and 509), and that being satisfactorily passed, 
he becomes loading stoker, and is rated as a 2nd 
class petty officer. After serving in this capacity 
he is eligible for advancement to acting stoker 
petty officer. It will now be necessary for him 
to work hard at his education if he wishes to rise 
further. He must attend a torpedo course to 
give him a knowledge of the engines and general 
working of these weapons, and after having 
served ten years in stoker ratings he may be 
promoted to chief stoker, which ranks as chief 
petty officer. The examination is the same as 
for leading stoker, but in addition he must have 
a general working knowledge of the parts and 
uses of engines and boilers. Provided they 
have at least five years to serve, chief and 
leading stokers who qualify are eligible to 
be rated as mechanicians, rising to warrant 
mechanician and chief warrant mechanician 
when they take charge of engines. 

Signalmen. Signal boys are selected from 
the smartest of the 2nd class boys, or, if 
vacancies occur, from among the Ist class boys. 
Occasionally they arc entered direct from 
Greenwich School. They are given an elemen- 
tary signal course lasting some three months, 
ana are taught the elements side by side with 
their instruction in seamanship. The work 
requires keen eyesight and a lively intelligence, 
for a signalman is one of the most responsible 
men in the ship. 

The next step, that to signalman, is reached 
when the boy is over 18. The aspirant by that 
time must have gained a working knowledge of 
day and night signals. For this and the higher 
ratings men are not obliged to qualify in the same 
fashion as an A.B., but are exorcised in gunnery 
and musketry. For the rating of qualified 
signalman is necessary a good working know- 
ledge of da} , night, fog, gun, and sound signals 
as applied to fleets, ships and boats, as is a 
proficiency in the use of the Morse code, sema- 
phore, and flash signals. 

After a sufficient experience as qualified 
signalman a man is advanced to leading signal- 
man, when he must be qble to undertake the 
duties of a signal petty officer, and must under- 
stand the regulations for prevention of collisions 
at sea. Every throe years signalmen are obliged 
to go to one of the signal schools to requalify 
for their rating, so that they may not lag 
behind the times. Good men with sufficient 
experience are then promoted to second yeo- 
man of signals. Yeoman of signals and chief 
yeoman are the next steps in the signalman’s 
oareer» the appointments being made by seniority, 
tempered always by selection of the best workers 
and the steadiest men. 

Naval CraftRsnen. A few boys between 
14 and 16 years of age are elimble for service as 
boy shipwrights, and a few boys ^tween the 
ages 01 15 and 16 may be entered as boy 



coopers. They have to pass the Civil Service 
e:!i:amination laid down for dockyard apprentices, 
and agree to serve for 12 years after tne appren- 
ticeship* and are instructed in the yarci until 
the age of 18, when they go to sea for training 
if they are found to be fit for tlie rating of 
cooper’s crew or carpenter’s crew. 

Among the skilled tradesmen entered for 
service ashore and afloat are the electrician, the 
carpenter, and the shipwright, the armourer, 
blacksmith, and the cooper. 

Young men of good character between the 
ages of 18 and 28 who are sufficiently good 
carpenters to do panelling, dovetailing, and 
sash-making, may join with the prospc^ct of 
rising to leading carpenter’s crew. 

Coopers who can pass a trade examination in 
making a bucket, also armourers, plumbers, and 
cooks, with a knowledge of their respective 
trades, can all join the Savy with the prospect 
of rising to chief petty officer in due course. 

Electricians. The electrician is another of 
the skilled tradesmen who are always welcome 
in the Navy. He must be betwc<m the ages of 21 
and 28, and must have had three years’ practical 
experience as fitter and turner. Men are preferred 
who have some knowledge of electricity or who 
have gained their experience in electrical shops. 
The candidate must pass an educational 
examination equivalent to school Standard VT., 
he must know arithmetic up to vulgar and 
decimal fractions, and be good at dictation and 
reading. The practical part of the examination 
consists in relining and readjusting metal bear- 
ings ; metal turning and screw cutting on a 
lathe ; and repairs to electrical apparatus and 
instruments. 

As acting electrician, he enters the torpedo 
school and goes tlirough a course of instruction, 
at the expiration of which he has to pass a further 
examination in repairing and fitting electric 
motors and all electrical instruments required 
in lh(^ Service. He must have gained a good 
knowledge of the construction and repair of 
Whitehead torpedoes, and he must understand 
the intricacies of electric lighting and wireless 
telegraphy. After his year’s probation as acting 
electrician 4th class, he is advanced to 3rd class ; 
in another six years to 2nd class, and in a further 
five years to 1st class electrician, provided ho 
ha»s re-engaged to complete his time for a pen- 
sion. The rating of chief electrician, 1st and 
2nd class, lies at the end of the service after a 
thorough examination in every branch of the art. 

Sick«berth Staff. A limited number of 
young men between the ages of 18 and 22 may 
join the Service as sick-berth attendants if they 
can produce evidence of very good character, and 
have an elementary education. Selected candi- 
dates are accepted on probation, and go through 
a course of training at Haslar Hospital. Tiny 
rise from sick-berth attendant through the grades 
of sick-berth steward, to chief sick-berth steward. 
There are a few shore berths open at Royal 
naval hospitals as ward masters, but promotion 
is not rapid, and unless the candidate has a special 
lildng for the work, the position is rather trying. 
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The Royal Marines. The Royal Marines 
are soldiers with sea training and sailors capable of 
military duty ; they are experts in artillery work, 
yet they can pull a boat as well as any seaman. 
Rather more than half are serving in detach- 
ments in sea-going ships, while the other half 
are at their various depots undergoing courses of 
infant^ and artillery training. The advants^es 
of the Service are change of scene and occupation, 
greater freedom of action than is enjoyed by 
soldiers, a wider field of training, and better pay. 
There are two branches — the Royal Marine Light 
Infantry (the Red Marines), and the Royal Marine 
Artillery (the Blue Marines). 

Entrance Conditione. Growing lads 
from 17 years of age and men from 20 to 23 are 
eligible, provided they can pass the medical test 
and can read and write. On acceptance, they 
are forwarded to Eastney Barracks, rortsmouth, 
if for the Royal Marine Artillery, or the Depot, 
Deal, if for the Royal Marine Light Infantry. • 
The Marine is obliged to engage for 12 years. 
Free kit and bedding are issued to every man. 

The infantry recruit, after completing a course 
of infantry drill, swimming, gymnastics, and 
musketry, is drahed to one of the three great 
stations — Chatham, Portsmouth, or Plymouth — 
which becomes his home ashore, as is Eastney 
Barracks for the artilleryman. 

Work of the Royal Marine. On com- 
pletion of the above-mentioned instruction, the 
recruit undergoes a course of field training and 
heavy gun drill, and in about 15 months is 
considered a qualified man. He is then avail- 
able for sea service, and, as soon as the exigencies 
of the Service allow, is drafted to one of his 
Majesty’s ships. If his ship be serving in 
home waters, this period will Iw from one to 
two years, but if abroad, it will be t 
three years before he sees his “ homo^’ again, 
when he will take his leave on full pay and come 
back to requalify in shore work. Promotion to the 
superior ranks is not so rapid as in Line regiments 
of the Army, but he may expect to be promott^d 
to corporal within five years, to sergeant in 10 
years, and to colour-sergeant in 1(1 years. There 
are also 29 warrant officers’ jiositions open by 
selection and seniority to senior non-commis- 
sioned officers and 17 commissioned posts as 
quartermasters. The educational standards 
required of the various ranks are the same 
as those of the Army for an infantryman, 
promotion coming by the passing of these 
examinations and the sea service completed. 

Bandsmen. Marine bandsmen join the 
service between the ages of 15 and 23. They 
must be able to read and write, and have some 
musical knowledge. They are sent for training 
to the Royal Naval School of Music for in- 
struction, and at the age of 18, or when fully 
trained, they become available for service on a 
battleship or a cruiser. The pay ranges from 
4s. 8d. a week for boys to 388. 9Jd. for the 
highest ranks, with an allowance of Is. 2d. per 
week for instruments, and good conduct pay up 
to 3s. 6d per week. 
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THE natural order Solanacece, which yields the 

^ wholesome potato and tomato, and the 
poisonous belladonna and stramonium, furnishes 
also the tobacco plant. The greater part of 
the tobacco of commerce is obtained from 
one species, Nicotiana tabacum. There are 
many distinct varieties of this one species 
peldjng Virginia, Cuban, Havanna, and Latakia 
tobacco. East Indian or Turkish tobacco is the 
product of N, ruMica, which is also cultivated 
in Germany, Hungary, Egypt, and West Africa. 
It is a hardier species, and requires less time for 
maturity than N» tabacwn. Shiraz or Persian 
tobacoo is the product of N. Peraica, Yana to- 
bacco is furnished by N. repanda, and a very 
strong tobacco used in Chili is prepared from 
N, anguati folia. 

N. tabacum grows from 2 ft. to 9 ft. high, and 
the stem bears at its summit a panicle of tubular 
pink flowers [1]. The wide-spreading leaves are 
ovate, oblong, or lanceolate in shape, and are 
attached to the stalk in a spiral manner. The 
leaves are clothed with long soft hairs, and have 
lateral veins proceeding from a thick midrib 
in straight lines at angles of 40 deg. to 75 deg., 
gently curving upwards only near the edge. 
N. ruatica has greenish yellow flowers, and the 
leaves have longer stalks. The smell of the 
fresh plant k narcotic, and the taste bitter and 
nauseous. The characteristic odour of dried 
tobacco is developed during the curing process. 

Varieties of Tobacco, There are some 
64 varieties of tobacco grown in the United 
States. Each of the varieties is accredited with 
certain characteristics of leaf ; but as to which 
variety should be grown in any particular 
country it is not possible to give any exact 
information, as so much depends on the soil and 
climata Bright-yellow tobacco, such as is grown 
south of the James River in Virginia and in the 
famous Granville section of Nortii Carolina, will 
not succeed on dark, rich, loamy, alluvial soil. 
This particular kind fetches the highest price 
among American tobaccos. The rich dark 
variety exported to England k grown on alluvial 
soils containing some sand and with clay subsoil. 

Tobacco-growing k best suited for regions 
having a mean temperature of not less than 
40^^ F., and which are not subject to autumn 
frosts. The comparatively dry climate of 
tropical countries k one in which tobacco 
reaches the highest state of perfection as 
regards flavour. The liberal amount of heat 
and light, toother with sufficient mokture, is 
found to produce the most luxuriant develop- 
ment of we plant, and to increase large^ the 
percentage of nicotine. . 

^e quality of the soil m which tobacoo k sown 
ex^ an important influence on the texture 
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of the leaf, and on the colour and burning 
qualities. Tobacco grown on very rich dark 
soils bums badly, whereas that grown on sandy 
soil bums well. Chocolate and sandy soik are pre- 
ferred on account of the better flavour and aroma 
of the crop both for cigar and pipe tobacco. 
Colonel Everard, in the Irish experimental 
tobacco growing, found that a rather heavy clay 
loam, with a clay subsoil in good manurial con- 
dition. produced the best results, the tobacco 
growing well, and curing out a good colour with 
plenty of body and elasticity. Tobacco will 
not thrive except on a well-drained soil ; a 
retentive clay subsoil, therefore, is to be avoided. 
The soil should be well ploughed and harrowed 
until it is well pulverised before sowing. 

The Necessary Fertilisers. Manures 
for tobacco crop must not contain chlorides, 
as chlorid€'8 in the tobacco leaf adversely affect 
the burning qualities. Sulphate of potash in 
excess has a similar injurious effect. Large quan- 
tities of phosphoric acid give a dark-coloured 
ash to the tobacoo, and excess of nitrogen 
in the soil makes a coarse thick leaf, unsuited for 
wrapper types of tobacco 
but suitable for manufactur- 
ing and export kinds. To 
produce cigar wrapper leaf 
and bright yellow leaf only 
moderate quantities of stable 
manure may be used, or the 
leaf will bo thick and coarse. 
^ Cotton-seed meal k a good 
source of nitrogen for the 
successful raising of tobacco 
when used with nitrat-e of 
soda or potash in a sufficient 
quantity to furnish a fourth 
of the nitrogen required by 
the crops. Cotton-seed hull 
ashes and high grade sulphate 
of potash are the most valu- 
able sources of potash for 
tobaqpos. Acid phosphate 
and phosphatic slag should 
be used in preference to animal phosphates. 
A standard fertiliser is one containing 3 per 
cent, of phosphate, 6 per cent, of nitrogen, 
and 15 per cent, of potash, but varying quan- 
tities are required according to the nature of the 
soil. Two hundred pounds to a ton of commercial 
fertiliser are applied per acre, but up to two tons 
are used where high-grade wrapper leaf or thin 
bright tobacco is desired. 



THE TOBACCJO 
PLANT 


Tobacco Seeds. Tobacco s^da are very 
small, one ounce containing aa many as 300,000 
seeds. All the seeds are, nowever, not fertile, 
only about 75 per cent, germinating, so that 
allowing for imperfect conditions it may be 
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reckoned that 35,000 seeds in an ounce will 
yield plants. It is usual to sow at least three 
times the amount of seeds, so as to get a sufficient 
numbeuiof plants all of one size. 

The Seed Bed. The best site for a seed 
bed is one with southern exposure, south-east, 
south-west, and western being the next in order. 
The bed should be near water, because the tem- 
perature is likely to be more uniform, and a suf- 
ficiency of moisture will be obtainable without 
artificial watering. In Cuba open spaces in the 
woods are the favourite locations for the seed 
beds, on account of the protection from winds 
afforded by the trees. 

The most experienced tobacco growers burn 
the seed bed as a preliminary, the object being 
to destroy grass and weeds and grubs and in- 
sects that may be in the soil. Wood is spread 
on the soil in a thin layer and burned, more 
fuel being added from time to time, the burning 
being continued long enough to thoroughly 
steam and bake the ground. 

When the soil has cooled, break it up with a 
hoe to the depth of two inches, rake off roots, 
and leave the surface level, loose, and porous. 
It should not be worked deeply. Having made 
the soil fine by repeated working, apply fine 
pig or sheep manure, or some good fertiliser, 
as the soil cannot be made too rich, because the 
object of the seed bed is to force the growth 
of the plants. The manure is well choppod-in 
and raked level again. 

After burning the seed bed and before sowing 
the seed, enclose the bed with a frame. This 
is made of 1 in. plank, 8 in. to 10 in. wide, placed 
on edge, and nailed at the corners with diagonal 
strips of 1 in. by 3 in. plank. If no planks be 
available poles may be used. 1’hc bed is best 
not over 3 ft. wide, so that it can bo reached 
from either side. To prevent the ravages of 
insects, and to keep the young plants warm, a 
covering of muslin is arranged as a curtain, so 
that the cover can be withdrawn when desired 
to admit sunlight and air. 

Sowing the Seed. To obviate the diffi- 
culty of the impervious coating of the tobacco 
seecls, which delays germination, it is sometimes 
the custom to scratch the surface of the seed by 
rubbing the seeds with fine emery paper and then 
to moisten them with water in a bowl for 48 
hours. Mix the seed in the proportion of J oz. 
of seed to 2 quarts of wood ashes, corn meal, or 
sand, and sow carefully and evenly over the bed. 
A light-coloured diluent is best for the seeds, as 
it is easier to see where the seeds have been 
sown. Sow the mixture by the thumb and 
fingers, and after sowing sweep the bed care- 
fully over with a brush, simply disturbing the 
surface of the bed, taking core not to bury the 
seed too deep. Next sprinkle the earth with 
water, and make it firm by laying down planks 
and standing on them. Water the bed twice a 
week, or oftener in dry weather. The seeds 
come up two weeks after planting, and their 
growth should be stimulated by watering with 
weak liquid manure. In about six weeks to 
two months the plants will be ready for trans- 
planting, but before this takes place the plants 


should have been hardened by removing the 
cover gradually and increasing the time of 
exposure to the air day by day. 

TraMplanting., The plants in the seed 
bed are planted out in the field when they have 
grown 4 in. to 6 in. high, although in Cuba 
the seedlings are allowed to become 8 in. to 10 in. 
high before this operation takes place. 

Two or three weeks before planting, the 
tobacco field is harrowed and laid off in rows 
by means of a plough, the rows being 3 ft. to 3J ft. 
apart. Open fields are usual, but in Florida 
a system of shading the fields with open lattice 
work is in vogue, which has the advantage of 
improving the leaf texture by moderating the 
sun’s rays. It may be added that the distance 
apart of the rev's varies in different parts of the 
world according to the kind of tobacco that is 
being grown, and whether hand cultivation or 
horse cultivators be employed. 

The transplanting operation is best conducted 
in cloudy or damp weather. On the previous 
night the seed bod is well watered to loosen 
the soil, and the young plants are “ drawn ” 
early in the morning when still wet with dew, 
taking care not to injure the roots, and to keep 
as much soil adhering to the roots os possible. 
Take hold of each plant botwt^n the thumb and 
finger, and loosen the earth with a small garden 
fork. Put the plants gently into small boxes or 
baskets, cover with a damp cloth, and put in n 
shady place till the afternoon when the planting 
takes place There are two methods of planting 
— by hand or machine. In hand planting, tlie 
plants are dotted at regular intervals by a staff 
of labourers, usually boys or women, while 
others follow and make a hole with a dibble, into 
which the roots of the plant are inserted. The 
soil is then pressed round the root, and the loose 
earUi brought up with the dibble, the surface 
being left os loose as possible. 3’his process is 
sometimes varied by one man walking along and 
making the holes, another dropping the plant 
near bjr, and a third setting the plants. When 
the soil is damp, watering is not required, but 
if dry, water is poured into the holes Ix^fore 
inserting the plant. If the weather continue 
dry watering will be needed until the seedling 
is firmly established. In (\iba a quicker process 
of planting in furrows is adopted. 

Machine Transplanting. Machine 
transplanting is practised in some districts. A 
planting machine, horse-drawn, carries the driver 
and two men or boys. The machine carries the 
water, which is run into each hole. It is stated 
that a man and two boys can plant two to six acres 
a day, about twice as much as can be accom- 
plished by hand setting. In this stage care must 
be specially taken to have plenty of young plants 
ready, and only plant those of the same size in 
one field, so that all the tobacco will arrive at 
maturity together. Plant as early as possible 
after the time of frost has passed, and strive to 
have an early crop. In case of frost any young 
plants which show signs of having been affected 
should be replaced, and also any that have been 
bitten by insects within the first few days of 
transplanting. 


4271 



.I8D BOTANY 


Weeding end Earthing Up. The 

tobacco field requires verv careful cultivation, 
and must be systematically weeded before the 
plants increase much in size. The first weeding, 
which is best done hand labour, should be 
about a fortnight after transplanting, and in 
this, as in subsequent weeding, the greatest 
care must be taken not to injure the leaves, as 
their value would bo thereby much diminished. 
If the soil become hard or bahed, it should be 
broken up with a hoe used towards the plant, 
BO as not to take soil away from the plant. The 
last weeding, in fact, should be done with the 
object of earthing up the soil round the base of 
each plant. This encourages root growth, and 
enables the plant to more easily withstand 
winds. Machine weeding is practised, but 
the loss through leaf damage is more than 
with careful handwork. 

Topping and Priming. The opera- 
tion of removing the top or main shoot of 
the plant is called topping. It is done with 
the object of preventing the transference of 



attract insect pests, and much success attends 
the planting of clumps of daiura stramonium to 
act as insect traps. 

Leaf Dieeaaee. Diseases whicfaM attack 
tobacco loaf often do considerable damage. 
One of these, known as mosaic disease, appears 
as light and green patches on the leaf, the cause 
not ming w^ understood. The remedv is also 
obscure, although certain facts as to the cause 
are defiiutely known. As the disease is probably 
fungoid, well burned seed beds are desirable, 
and great care should be taken in planting 
so as not to injure the delicate roots. 

Harvesting. In from four to six weeks 
after topping, the tobacco plant is ready for cut- 
ting down. The pro^r time for harvesting is a 
matter of considerable judgment and ex- 
perience, as if the plant be cut before it 
be properly matured the leaves will cure 
dark, and, under some circumstances, will 

a green, and never develop flavour. The 
>wing are the principle signs of maturity ; 
1. When a leaf is doubled up, and a 


nourishment to the seeds and to promote » method pressed at the bend between th« 

the growth of the leaves. The lowest leaves * jjjppjj^Q huger and thumb, it will break with a sharp 
are ako generally removed, as they are ^ bttd*^ crack if the leaf be ripe, 
rendered worthless if left on, owing to 2. The leaf blade and leaf stalk bend 


laceration through wind lashing, but in some 
districts the lowest leaves are retained as 
a protection for the roots. The time for 
removing the top shoot arrives when flower 
buds begin to form, but before the flowers 
appear [2]. It is usual to retain from 10 to 12 
leaves on each plant, as that is considered to be 
the average number that can be brought to 
perfection ; but this is by no means a fixed rule, 
as from 15 to 20 may left on in cases where 
the tobacco is intended 
mainly for cigar fillers 
or where the plant is 
very vigorous. 

Ae topping of the 
plant caustts it to send 
out buds or suckers at 
the junction of the 
leaves, and these i||| 
suckers must also be 
removed, ** suckering ” 
being needed two or 
three times during 
the season. The side 
shoots or suckers ore 
allowed to grow about 6 in., and are then pinched 
off to within 2 in. of the stem. 

Insect Peats. The planter must closely 
attend to catching all grubs or caterpillars 
that infest the tobacco plants, as tlie quality 
of the leaves is soon injuriously affected. 

Borne insects attack the plants when still 
below the soil, but for this there is no practical 
remedy. Slugs are very fond of tobacco leaves, 
and as a preventive a Uttle powdered quicklime 
is scattered or blown on the leaves, or one may 
use an arsenical spray. Many kinds of cater- 
pillars also infest the plants, hand picking by 
children being the most effective method 
dealing with tiiis pest. Balls of poisoned meal 
are sometimes distributed about the fields to 
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towards the soil. 

3. The leaf takes on a slightly yellow colour, 
and, on holding up a leaf, and looking through 
it more or less transparent spots like drops of 
oil are seen. 

4. Walking through a tobacco field a character- 
istic smell of ripe tobacco is noticed. 

5. On cutting across a branch a reddish ring 
will be seen if the plant be ripe. 

The leaves ripen upwards, and, in bright 
tobacco districts, the 
bottom leaves are 
harvested first. In 
other districts the 
plant is out when 
the middle leaves are 
nearly ripe. When the 
) leaves are separately 
detached from the 
stem they are placed 
in baskets and taken 
to the drying - sheds 
strung on twine or 
wires back to back. 
A string of leaves is 
then attached to a 4'ft. lath, and the laths 
hung up in the barn. The principal method 
of harvesting, however, is that which involves 
the cutting of the whole plant. The plants 
are out off near the ground with a sharp knife, 
and the stalk split from the top half-way to 
the bottom. The splitting is omitted in some 
countries, and the whole plant strung on a 
curing-stick. In both methods the plant is 
exposed to the sun till it is wilted, or m^e limp 
enough to handle without injury. It must then 
be conveyed to the curing-barn with as Uttle 
delay as possible. Cutting is best done late in 
the afternoon, as the out plants are easily 
injured by the hot sun ^uring down on them. 
Harvesting must not be attempted in the 
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morning when the plant is wet with dew. After 
rain it is wise to allow at least one fine day to 
interyene before harvesting. 

Stach^ng in the Field. Instead of con- 
veying the wilted whole plant direct to the barn, 
it is stacked on scaffolds on the field if the weather 
be fine and mild. From 8 to 14 plants are 
placed on a stick, and removed to the scaffold 
previously built 

bourhood. The 

sun begins the 

curing process 

by yellowing the ^ 

plants andrSiuc- ' j®" 

ing the amount * ^ 

of moisture they ^ ^ 

contain. Both Jlii 

on the scaffold -i 

and in the - * ^-11 

curing-barn L8J^n I ■ 

spaces of from 1 1 1 11 ===n| I -r _ K 

8 in. to 12 in. |E 

are loft between 

the sticks for 

the circulation of 

should 4 RHODESIAN 

1)0 added that. 

owing to the liability of the leaves to damage 
from exposure to the sun and weather, it 
is now considered wiser to got the crop safely 
in the bam at once without running any 
risk from climatic conditions. Special frame 
waggons are used for transporting the tobacco 
to the curing- bam, the object being to carry 
the plants so that they do not touch the 
sides or the bottom of the waggon. Other /iso 

the sticks of tobacco are 

piled on an ordinair waggon 

in layers ^th the butts and 

tops alternately on the out- .-~J 

side. The leaves that are | 

separately harvested arc 

strung on twine in small 

shelters built outside the 

curing-barns. 

Curing the Plant. The 

next process to which the 
tobacco is subjected is known 
as curing, an^ as the quality 
of the product depends to 
a considerable degree on the 
care which is exercised at 
this stage, it will readily be 
seen that curing is one of 
the most impor^t, as it is 
the most difiioult of the pro- 
cesses. This should not be 5 

understood to mean that an 
inferior leaf can be made into first-class tobacco 
suitable curing, but rather that the good loaf 
can bo spoiled in process through want of skill. 

There are several methods of curing in vogue, 
which we will now consider separately. 

Fire Curing. The method of curing by 
means of open fire heai is used for expoH tobaccos 
as such tobaccos stand transportation better 
than others. The burning charcoal or wood 


imparts a distinct flavour somewhat like creosote 
to the product. The following is a description 
of the process as usually followed : The curing- 
house is arranged with ventilation windows, 
and on the second day after cutting, the sticks 
upon which the tobacco was placed when cut are 
arranged in the barn. On the third day artifi- 
cial hc*at is applied in the form of chareoal or wood 

— pi-eferably the 

^ former, as there 

heat is ^raised to, 

TO.AOCotl'7 

tow J?., increas- 
ing by 10 degrees every 24 hours till 150° F. is 
reached. When all the moisture has evaporated 
from the leaf and the stem of the leaf the fires 
are discontinued, but resumcni for a few hours 
if rainy or foggy weather come on or 
the leaf show signs of softening. When all 
the moisture has been driven out the tobacco 
is taken down, stripi>cd from the stalk, and 
graded for the market. 

Flue Curing. In the 
rrmmrrrtamrrkrrammi^^/if ^ proCCBS of fluC CUriu^ tllC heat 
from an outside furnace is 
c‘onveyed through tlie curing- 
house [4 and 6J by means of 
large iron flues or pipes. This 
method is used tor curing 
bright yellow tobacco, the 
stages being : 

1. The yellowing process, 
when a tempf*raturo of 90° 
is kept up fur from 20 to 
30 hours. 

2. Fixing the colour, the 
temperature being raised to 
1 00° for four hours, and in- 
creased 2^ degn»e8 every two 
hours, until 120° is reached. 

3. The curing process 
proper, at a temperature of 

OF FLUES from to W F.. for 

from SIX to eight hours. 

4. Stalk curing, at 125° to 150° F., the heat 
being raised to the latter temperature by five 
degrees an hour, and the heat continued till the 
stalk is tWoiighly dried, which will be in from 
12 to 15 hours. 

A simplified process of flue drying is as follows : 
After the tobacco is cut it is placed in the curing- 
house, and the air warmed to 90° F. for two 
Off three hours. The heat is then inoreased 
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rapidly to 125°, or even higher, if the leaf 
will stand it, and, after lotting tho heat stop at 
this degree for a few minutes, the fires are 
damped, and the heat gradually reduced to 
90^ F. The finishing part of the curing pro- 
cess is tho same as we have explained in the 
previous process. 

Sun Curing. The method of sun curing is 
practised in a part of Virginia, but as it involves 
'many handlings of the tobacco, the expense for 
labour becomes a serious item. The process is, 
Ig^wever, much valued by the manufactureis of 
plug tobacco, as the product is very sweet, and 
specially suited for chewing. Scaffolds are 
erected near the curing-house, and upon tliem is 
placed the tobacco as soon as it is cut. On the 
approach of a storm, the tobacco must be carried 
into the barn, as the colour and taste would be 
impaired if rain were allowed to fall on the leaves. 
The tobacco is exposed to the sun in this way 
for some weeks, until all moisture is dispelled. 
The storing and handling of sun-cured tobacco 
needs much more cai*e than in thi‘ Mtm 

tiase of fire or flue dried leaf. 

Air Curing. Oigai* leaf, and I 

other tobaccos of thin delicate tex- I 

ture, and smaller leaf and stem, are 
ciii*ed by mV, in well-constructed 
curing-houses, in which wooden .IjjNfflppPiJI! 
windows are arranged for ventila- 
tion purposes. The process lasts six 
to eight weeks, and during this time 
the temperature and moisture are Li 

regulated by opening or shutting | 

the ventilators. Air-cured tobacco 
is of better fiavour than that cui'ed | 

by other methods, being free from Vn|| || | 
smoky taste, and, l^ing more absorb- 
ent, it is largely used by manufac- 
turors of chewing tobacco. White 
Hurley tobacco cured in this way has 0 
a cherry-red to a rod -brown colour. 

Fermentation. The fermentation or 
sweeping process, which follows, is undertaken 
for the purpose of developing the aroma of the 
tobacco. The process is one often entrusted by 
the grower to the experts who specialise in this 
department. The method employed is known 
as hulk fermentation. The tobacco is sorted out 
into three grades according to the texture of the 
leaf, each grade being separately bulk^ or 
stacked in rooms heated by steam. Tho mdistui’e 
of the air is also capable of being regulated. 
The size of the heaps varies accoming to the 
grade ; for instance, if light shade leaves be 
required, 3,000 lb. to 5,000 lb. of leaves are 
placed in the bulk, while in the case of ordinary 
fillers, 10,000 lb. to 20,000 lb. are the average 
hulks. The leaves are piled up to a solid stack 
5 ft. or 6 ft. high, and in definite order. The 
bulk is then covered up with canvas, and after 
a short time fermentation, as evidenc^ by a rise 
in temperature, takes place. The temperature 
must not be allowed to ^o beyond 130° F., to 
prevent which the heap is from time to time 
taken down and rebuilt. Some throe to five 
weeks is occupied by the process. Steam is 
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injected into the room when the leaf is in a very 
dry condition, but some leaf handlers prefer a 
spray of water. It is during the fermentation 
process that the lower ^rade tol^cos are 
petuned — ^that is, treated with fiavounng ingre- 
dients to improve tho aroma. 

The temperature of the heap of tobacco is 
judged by putting the hand inside, or by using 
a thermometer, an automatic electric instrument 
being in use in up-to-date establishments. 

Grading. The fermented tobacco is next 
graded and packed. In the case of Cuban 
tobacco, the leaves are made into hands of about 
40 leaves each, the outside being bound round 
with bast into a carotte. Eighty carottes are 
made into a bale. Loose tobacco is packed or 
prized into hogshead^ averaging 56 in. high and 
42 in. diameter at the head. Pressure is applied 
as the leaves or hands are being packed, the 
screw press used with hogsheads being shown in 
the illustration [6], Care must be taken not to 
mix various kinds of tobacco in one package, as 
p_ the market value of the tobacco is 

thereby diminished. Before being 
Vy brought into use, tobaccos are kept 

in stock for from two to four yei'rs 
^ ^ to age, tho tobacco in this way 

~ ^"r=iT ^ becoming softer and mellower in 
flavour. The weight of tobacco in 
rSSS ^ a hogshead varies according to tlie 
jB V kind, from 600 lb. to 1,000 lb. 
of ligliter tobaccos, up to 1,600 lb. 

I 'lit to 2,000 lb. of dark loaf being 
averages. Half hogsheads arc used 
|[H| for exporting to certain markets. 

English Tobacco. By an 
iWm- -^ct passed in the reign of Charles 
11., the growing of tobacco is illegal 
England and Ireland, an exoep- 
tion being made in regard to physic 
r PRESS gardens, which were allowed to grow 
half a pole for medicinal purposes. 
Th(t Act legards England and Ireland has 
been relaxed in so far as experimental culture 
was allowed in 1886, at a time when, owing to 
agricultural depression, it was thought that the 
cultivation of tobacco might profitably be carried 
on at home. Experimental cultures were made 
by Lord Harris at Faversham, Mr. De Laune at 
Sittingboume, and Mr. Wigan at East Mailing. 
The experiment was deemed a success from some 
points of view, but it was hardly to be expecUxl 
that tobacco of firsk rate quality could be grown 
without considerable experience as to the best 
seeds and most suitable soils for the crop. 

Irish Tobacco. For some years, experi- 
mental tobacco growing has been carried on in 
Ireland. The Department of Agriculture has 
had charge of the arrangements. Colonel N. T. 
Everard has published an interesting account of 
his work in the ** Journal of the Department of 
Agriculture.*' To encourage the experiments, a 
rebate of one-third of the duty has been granted 
for a period of five years, from 1904. Professor 
Keller, a tobacco expert, is studying the kinds of 
tobacco best suited for the various soils in Ireland, 
and this is held to be the crux of the question. 


,4274 



THE CAMPAIGN OF MAN 

Group 3 

SOCIOLOGY 

Sodology is the Study of Ourselves. The Science of Saving^ Society from 

4 

Its Own Mistakes. The True Ethical Ideal must be Sociologically Possible 

Coutliiiied from 
pwKO 


By Dr. C. W. SALEEBY 


'T'HE present writer’s PHtimato of the im- 
^ portance of sociology grows yearly — in this 
respect he questions not, resembling the estimate 
of all who are capable of learning. In so far 
as it is possible to speak of the root of any 
such matter as we have instanced, sociology 
“ gets there,” and time and again one finds that 
questions which appear at first sight to belong 
to subordinate sciences, and which the subor- 
dinate sciences can solve upon paper, just as 
the present writer can say upon pajx?r, “ Let 
every mother nurse her baby and you will have 
no infant mortality worth mentioning,” can be 
solved in practice oy the sociologist alone. He 
it is who deals with underlying principles. He 
it is who, in conspicuous contrast, for instance, 
to the unthinking kind of socialist, takes into 
account that supreme factor which we call 
human nature. 

The Place of Ethics. And now a word 
as to the relations of sociology to the trans- 
cendent science of morality. Accepting as, 
at any rate, partially true that conception of 
morality which confines its gaze to human life 
as we know it on this earth, we see at once that, 
in one of its aspects, at any rati‘, sociology is 
inextricably interwoven with morality. Tlie 
idea of justice, for instance, is, of course, a 
sociological idea as well as a moral idea, and even 
if abstract morals insist upon the truth that 
justice is justice, whatever the practice of men 
may be, yet the moment the practical moralist 
begins to ask himself how justice may be 
furthered, maintained and effected, whether by 
stern laws or by providing all citizens with good 
mothers, or by some other means, at that very 
moment the question of practical morals is seen 
to be a question of practical sociology. 

There are a great many thinkers, chief among 
whom, perhaps, is Professor Lester Ward, the 
most distinguished of living American sociolo- 
gists, who, having a too narrow conception of 
ethics, declare that it is not a science, still less 
a separate science, at all, but is merely a part 
of sociology. For Wani’s discussion of this 
view, see his “Pure Sociology” (Macmillan, 
1903). This, as it might be shown, is surely 
an exaggeration; but, at any rate, the fact 
which we are trying to emphasise remains — that 
while, on the one hand, sociotogy has the most 
complex and indissoluble relations with the 
sciences that are beneath it, on the other hand, 
it can never be dissociated from the one science 
which is above and beyond it. 

Sociology a Science— and More. And 
this leads us on to another consideration which 
sociologists would do well to make more explicit, 
and the neglect of which has led to much 
misunderstanding. Just because sociology 


is intermixed with ethics, it has the peculiar 
character of that science. A pure science, what- 
ever its subject matter, is properly (’oncorned 
solely, exclusively, and cold-bloodidly with 
what ift. Pure science has nothing whatever to 
do with what ought to he. The student of society, 
being a man as well as a scientist, cannot fail 
to have his own opinions as to what ought to be. 
He cannot fail, in his heart of hearts, to feel 
emotions of disgust or pleasure at the facts 
which he discovers. His case is thus totally 
distinct from that of the chemist, lot us say. 
Tlie student of atomic weights discovers that the 
mass-ratio of oxygen to hydrogen is 10. He is 
concerned merely to know that this is so. The 
fact will give him greater or less pleasure, 
certainly, according as it fits in with and 
confirms, or is incompatible with and throws 
discredit upon, other facts or supposed facts; 
but he passes no moral judgment upon the 
result he has obtained, and, whatever the result 
is, no question arises of any attempt to alter the 
facts. The efforts of all the chemists in the 
world eoul(’ not change the atomic weight of 
oxygen, and there is no reason why they 
should. 

The Search for Social Facta. Vastly 
different is the case of the moralist and th«^ 
sociologist. If those students arc to be worth 
anything at all in any permanent sense, they 
must, in the first place, treat their subject as 
a pure science. They must divest themselves 
of all interests in it save the interest which 
truth has for thorn as such. Science is concerned 
with what is and has been. The sociologist, if 
he is to call his study a science at all, must find 
out what is and has been. ** His not to make 
reply ” ; his not to say, “ I approve or dis- 
approve ” ; but precisely as the chemist is 
concerned to discover chemical facts, so the 
sociologist is concerned to discover social facts. 
Indeed, if one were asked to describe in a 
phrase the distinction between the modern 
conception of sociology and the standpoint 
of nearly all those who in the post have 
thought and taught and written al^ut social 
matters, the reply would probably be that 
sociology as we conceive it now, is at any 
rate, whatever more it may or may i^ot be, 
a deliberately cold-blooded, detached, impartial 
study of things as they are and as they have been, 
the past, of course, being the interpreter of the 
pi’csont. The sociologist in making this study 
is, one may suggest, to resemble as nearly as 
possible the gods as Plato imagined them. In 
opj^ition to the popular nonsense which 
believed that male and female deities, morally 
inferior to the average man and woman, con- 
stantly interfered with human affairs, it was 
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taught that Ruch gods there wore — taught for 
prudence sake, though it did not save Soerdtes — 
l)nt that they did not interfei'e with human 
affairs. They sat upon Olympus “ in god-like 
detachment,” contemplating all things, under- 
standing all the motives of men, seeing all the 
fashions in which they lived together, and the 
various consequences of all those practices, 
but never raising a finger on one side or another, 
• and iwver caring a straw. 

'J’his exactly would be the attitude of the ]iure 
sociologist as such. It would be the ideal of 
sociology as a pure science — to make the science 
an omniscience of social facts, present and past, 
to record, classify, and generalise them, and put 
them into a perfect textbook. 

The Sociologist Must Have Ideals. 
Now, it is quite certain that unless we recognise 
this conception of our business, unless we admit 
its validity, as far as it goes, unless we attain 
this impartial and, so to speak, careless point of 
view whilst we ai’e asciTtaining our tacts, we 
shall, in the first place, forfeit the title to call 
ourselves scientific, and shall, in the second place, 
cither mistake for facts what arc not facts, or 
else shall make an artificial s(‘lection from the 
facts, choosing, perhaps, the few and insignificant 
which suit our prepossttfjsions — as, for instance, 
in favour of authority or in favour of liberty — 
and omitting the many and w'cighty ones Avhich 
])rove that our prepossessions are false. Pr(‘- 
cisely the same necessity arises in the cas(‘ of 
the moralist. 

Bvt there never yet was sociologist or moralist 
of any moment wliatevcr who was not mon' than 
a pure scientist Tlie driving power, even in 
the case of such a costly and prolonged, despised 
and dreary enterprise as Spencer’s “ descriptive 
Sociology,” has always been the passion for what 
(’arJyle called “ that ditine word n*torm ” ; and 
sooner or later eveiy sociologist has nmouneed 
the purely scientific purpose and surpassed it. 
He has left the question of wdiat is and has gone 
tm to the question of what ought to be and how 
it shall be. The present writer certainly does not 
dare to question the value of pursuing truth for 
its own sake, and he is among the first to admit 
that the purely scientific conception of sociology 
IS invaluable ; but it is fortunately in the nature 
of the ease impossible that anyone can set his 
mind to the study of social facts without Iwung 
irresistibly compelled to ask himself how' they 
can be modified. The student who did not ask 
himself this question would be as impossible a 
monster as the student of disease who studied 
it for its own sake* and did not care two straws 
to ask whether the disease might have boon 
prevented or might be cured. 

Sociology a Campaign of Man. There 
are many splendid signs of the times which 
show clearly enough that the double conception 
of sooiolog>^ — (1) as a pure science and (2) as 
a Campaign of Man -is making its way into 
the modern mind. I'wo distinct parties of 
people arc approaching sociology. On the 
one hand there are rho scientists whose own 
work lies in various departments of the soienoe 
of life and li\'ing things. Evoiy biologist, 
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and every physician worthy of the name, for 
instance, is rapidly journeying to-day towards 
sociology. The greatest of national problems, 
the making of a vigorous and worthy ’{jeople, is 
uniting medical men and sociologists, and with 
thorn also the students of heredity. These men 
of science are coming to discover that sociology 
provides them with an almost unsuspected store- 
house of facts, and it is facts with which science 
is concerned. 

The New Reformer. And from the 
other side sociology is being approached by the 
humanitarians, lovers of children, lovers of jus- 
tice, lovers of liberty, lovers of the poor, social 
reformers of all kinds. Let us try to realise the 
significance, which has never yet been adequately 
recognised, of the change which the scientific idea 
is working in these times. Take, for instance, 
the great sociological questions of crime and 
punishment — criminology and penology. It is 
not so very long ago since a John Howard or 
an Elizabeth Fry set to work to do something 
for the wretched state of our prisons. 'Ihey gave 
the miserable inmates, forsaken by man, their 
own ])ersonal service and sympathy, with all 
that this implied of moral regeneration. I^hej^ 
immortalised their names amongst a ” Christian ” 
people because they did not content them- 
selves with reading the 25th chapter of St. 
Matthew, but acted upon it. ” I was in prison, 
and ye came unto me.” It would be better 
never to write another word than to detract in 
any way from the splendour of their M<*rvie(‘ 
and achievement. 

liut consider what the scientific idea is now 
bc^ginning to accomplish in such cases as these. 
The deathless pioneers have done their pionecM- 
work of awakening our consciences, but their 
successors do not follow^ the old plan. How all 
but hopeless was it to visit tlie prisons when 
the troatin'*nt of children, especially ot naughty 
children, when the whole conception of ciime, 
the whole social system that produced crime, 
the whole ol the methods for represbing crime, 
were false and rotten, and when crime, and yet 
more crime, was the product of their putrefac- 
tion ! Nowadays we do differently. The great 
scientific truth that causation is universal, and 
that all facts, being part of truth, are sacred and 
wortliy ot recognition — these are entering into 
the modern mind. 

Reform on Wrong Methods. Nowa- 
days, then, we have devoted students who study 
the facts of crime as the chemist studies the 
facts of calcium, and the day is dawning when, 
by a sane treatment of children/ by the in- 
stitution of methods of education which reckon 
with human nature and are based upon the 
facts of physiology, we shall abolish crime by 
preventing the formation of the criminal. This 
is obviously a more excellent way even than the 
visiting of the prisons — prisons which not one 
prisoner in ten thousand, brought up in a social 
environment adapted to his needs, would ever 
have entered. This particular illustration might 
be indefinitely multiplied, and it is impossible 
to exaggerate the practical importance of the 
change. 



Hitherto, the social reformer has usually had 
more heart than head. The history of “ charity ” 
is the history of the consequences. Thoughtless 
charity ]^as caused immeasurably more misery 
and wretchedness and sin and evil than it has 
ever relieved. Social reformers without number, 
and social efforts without number, have not only 
done more harm than good, but have actually 
brought our great ideal of reform into discredit — 
a pitiable end. 

Heads and Hearts. But we arc just 
now at the birth of the time when Science is to 
exert her beneficent sway — irksome though it 
may not infrequently appear — over the full heart 
of the social worker and the social reformer. 
The observer will find that bad schemes, 
promising an apparent immediate benefit, but 
threatening a lasting injury, have now to 
face the criticism not of one isolated philosopher 
hero and another there, but of a whole host of 
thoughtful and well-informed people. In short, 
we are beginning to abandon the old method 
of trial and error. Sociology is teaching us 
that the past has made enough experiments 
if we would only look at them. Sociology is 
establishing generalisations which, like other 
generalisations or products of induction [see 
LogioJ, are capable of being used for purposes 
of deduction. 

The reformer, the enthusiast, comes forward 
with a new plan, and sociology is able to say 
beforehand, in some cases at any rate, “ No, 
this will not work,” just as the student of 
Energetics [see Physics] is able to say to the 
perpetual motion schemer, “ No, this will not 
work.” Furthermore, many social workers, 
whose good hearts are known to all, are 
having the possession of good heads as w'ell 
revealed under the influence of the scientific 
atmosphere which is beginning to invest this 
subject. Hence they are being set to work to 
collect the generalised facts just as if they were 
one of the impartial deities to whom we have 
referred. Many of them are rapidly acquiring 
the temper which seeks to follow truth wherever 
she lea^. In consequence, there are being 
rapidly produced books which contain matter 
of fact, and are as properly scientific in method, 
aim, and execution as the driest treatise on 
hydrod^amics. Conspicuous instances are fur- 
nished by Messrs. Rowntree and SherwelPs really 
epoch-making books upon the alcohol question, 
and any number more might be cited. 

Discovering Ourselves. Throughout our 
course, then, we must endeavour to preserve the 
very difficult ideal, the two parts of which so 
many in the past have found incompatible, of 
(1) studying our facts as facts, and (2) studying 
our facts as means which will enable us to effect 
further fa^ta. For sociology is unique among the 
sciences in that man mc^es the facts. We are 
far from sayii^, of course, that man in so doing 
is not detennined by his nature and his educa- 
tion, by custom, tradition, mental inertia, and so 
on. But, nevertheless, the truth remains that 
the sociologist is in a unique position. It is as 
if ag atom of carbon in the benzene ring [see 
CHBicxsTBy] had set before itself the problem of 


discovering the constitution and potentialities of 
that ring. Itself is part, and a necessary part, of 
the facts which it is aboqt to study, and (this, we 
think, being the most valuable part of our analogy) 
its comprehension of the facts will be determine 
by its position in the ring. If it be a short- 
sighted atom, it will know no more than that it 
is united by two hands to an atom of carbon on 
one side, by one hand to an atom of hydi*ogen, and 
by the other to a second atom of carbon. It will 
never occur to the short-sighted atom, perhaps, 
that its neighbour atoms are in exactly the same 
ease as itself, just as it might have never occurred 
to an atom in another kind of molecule that its 
neighbours' circumstances are not the same as 
its own. But in any case the judgments of 
the atom are coloured and in part determined 
by its own circumstances and point of view. 

The Intellectual Difficulty. The soci- 
ologist is in the same case. Ho is himself 
a part of the organism which he is studying, 
and unless he be far-sighted his comprehension 
of it will 1)0 no greater than the comprehen- 
sion which the atom will have of a molecule, or 
which one of the white cells in your blood will 
have of you. Such a wliite cell would form one 
opinion of you ; a nerve cell would form a very 
different one ; and a muscle cell yet another. 
Similarly, the soldier turning to sociology will 
form one idea of society vhich can scarcely 
fail to differ profoundly from the idea formed 
by the workman sociologist or from that formed 
by the aristocrat sociologist. The problem is, 
being part oi the organism oneself, to see it 
steadily and see it wliole. There is the in- 
tellectual difficulty. 

And then there is the difficulty that not only 
is evoiy student of society himself a constituent 
of society, but also, unlike the atom or the cell, 
he has will. He is not only a fact, but the poten- 
tial source of new facts, and these may be good 
or bad according as he is good or bad. The 
reader is asked to keep in mind this last sentence, 
because we are about to return to the idea which 
it contains — an idea which we believe to bo the 
central truth of all sociology. 

Truth ia Never Impossible. Before 
we consider it, wo must complete our study 
of the relation between the study of society 
and the study of morals by emphasising the 
most important proposition which has lately 
been laid down by one of the most distinguished 
living students of both these subjects. Professor 
Harald Hoffding, of Copenhagen. This is the 
profoundly important proposition that morals 
and the moralist must recognise the existence 
of sociolomcal truths. *'The ethically right** 
(says Homding) **must be sociologically possi- 
ble.*’ This statement may have no particularly 
attractive appearance, but it throws a most 
searching h^t u^n the history of religious and 
moral systems. It condemns all ethical systems 
which are impracticable. This, of course, is not 
to say that it condemns ethical ideals as ideals, 
or that it demands the subordination of morality 
to the ugly facts of society and human nature. 
It means, as the present writer has tried to ^ow 
elsevffiere, ”that the moralist, in see^g to 
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establish the true ideal, must be certain that his which they are combined. One would not 
ideal is possible. It means that no ethical ideal expect to go far in an understanding of the 
can be true which — so to speak — would become chemical compounds until one knew something 
impracticable directly it was realised. For of the characters of the elementar^y atoms, 
instance, asceticism cannot be the ethical ideal. Similarly, one cannot go far in the study of 
since a society of consistent ascetics would soon a society unless one takes into account the 
cease to exist.'* characters of the individual man and woman. 

** Untrue ** Ideate. Asceticism can have Societies and Molecules. BtU there is 
value only as a temporary protest against ^ a point at which our analogy breaks down, and 
sensuality. Abolish sensuality, and asceticism much is always to be learnt at the point at 
would be merely silly. Similarly, the doctrine which any analogy breaks down. As a matter 
that “ life is for others,” the doctrine that the of fact, if we consider the organic compounds 
ideal is complete self-sacritice, cannot be regarded we discover that the character of the individual 
as ethically right, for it is sociologically impos* atoms s(*ems to go for very little. We may 
sible. It may serve a useful temporary function, find two compounds of markedly different 
but that it is essentially a^urd must become nature, which are yet isomeric, each containing 
apparent so soon as we try to conceive the the same number of the same kinds of atoms, 
social state in which everyone has reached the In such cases it is the relation of the atoms 
ideal. Self-sacrifice becomes imjiossible so soon rather than their nature that is all important, 
as there remains no one who is willing to lienefit Now, the case of the supreme organic com- 
by it. One man can bo self-sacrificing, as a rule, pound which we call a society differs immeasur- 
only on condition that another is not. When ably from that of the organic molecule, just 
all are equally and completely self-sacrificing, because the units of the one are mechanical, 
none can be so. Again, if every one is to live whereas those of the other are spiritual. In the 
entirely for others, the result will not Ix^ the case of a chemical compound, even though we 
greatest happiness, but the greatest inconvenience admit that the nature of the component atoms 
and lack of economy. If I am to spend all my must be reckoned with, we constantly find cases 
time in the pursuit of your ^happiness, and you all in which it seems to be of trivial importance, 
your time in the pursuit of mine, neitlier of us The all-important thing seems to be the mannej* 
will be as happy as we might otherwise hat e in which the atoms are bound together, 
been ; and thus the purpose of our efforts The Teat of All Societies. Now, it is 
will have been frustrated. Thus, unqualified true that societies differ profoundly— as, for 
altruism cannot be the ethical ideal, since it instance, a military and an industrial society — in 
is sociologically impossible. Plainly, unquali- consequende of the different manner in which 
lied egoism is immoral : hence the ideal is neither their units are related, but this difference is itself 
“ live for self ” nor “ live for others,” but ” live only a sign of the differing characters possessed 

for self and others.” This may claim to be by the units. Yet again, there is a reaction 

ethically right, since it fulfils the first condition lx‘tween the spirit of man and its surroundings, 

that it is sociologically possible. so that, as never in the case of the chemical 

The Great Central Truth. There are compound, the character of the society modifies 
certain kinds of figures which one can build with and may most profoundly change the character 
cubical bricks and others which one cannot, this of its units. Now, as we shall shortly sot*, a 

being an instance of the proposition that the society is not an end in itself. The only reason 

nature of any whole depends upon the nature of its for its existence is that it provides conditions 
constituent parts. The central truth of sociology for the production of worthy and happy life in 
is precisely this, that the structure of societies individuals. Therefore, the one sole criterion h(j 
depends upon the characters of its constituent which all societies are to he judged is their effect 
individuals, can only be explained by reference upon human nature and the conditions of life for 
to its units, and will be good or b^ less on the individual. 

account of the fashion in which the units are Here, then, are our propositions dogmatically 

related to one another than on account of the stated ; they are among those truths which have 

characters of the units themselves. only to be stated to find immediate acceptance. 

Now, let us take an illustration from chemisliy. The key to sociology's human nature. Every 
The characters of a compound may be said to be hind of society that was, is, or will be, whether 
determined by two factors : (1) the number and large or small, ancient or modern, barbaric or 
nature of the atoms that go to compose each civilised, military or industrial, autocratic or 
molecule of the compound, and (2) the manner democratic, dominant or servile, progressive, 
in which those atoms are combined with one stable, or retrogressive, depends for its characters^ 
another. Similarly, the characters of a society one and all, upon human nature, upon the indi- 
are determined (1) by the nature and numbers vidual, subjective, personal, spiritual, moral and 
of its constituent units, and (2) by the relations intellectual characters of the individuals who 
of those units to one another — &e manner in compose U. 

Continued 
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Group 1 

CHURNS & CHURNING 

AGRICULTURE 

The SNfKf to 'Use a Chum to Secure die Best Results. Good and Bad 

30 

Butter. The Butter-worker. Making up Butter for the Market. Prices 

r>»iuv iiAnMt>n 
(oiitliiuwi flow putro 4211 


By Professor JAMES LONG 


Forms of Churning. There are on the 

European market nearly 150 varw'ties of chums, 
of which many are modifications of well-known 
types, a few comparativ^oly new in some feature, 
and the majority but reproductions, more 
skilfully finished and equipped, of chums which 
were used from half a c mtury to a century ago. 
A good churn should contain as few angles as 
possible. If heaters be used, although they are 
quite unnecessary, giving addi- 
tional trouble ana sometimes pre- 
venting perfect cleansing of the 
interior, they should not be 
fixed. The opening of the mouth 
should be large, to facilitate the 
cleaning or removal of th<* butter ; 
the lid should be simply and 
skilfully constructed that it may 
be fixed easily, quickly, and pre*- 
vent the escape of cream ; there 
should be a ventilator, and a tiny 
window of glass, whil(* the size 
of the chum should be specially 
adapted to the work it is in- 
tended to perform. 

Churns are made in various 
forms. Some arc barrel-shaped, 
others square, rectangular, cradle, 
or millstone shaped ; indeed there is scarcely any 
limit to the form which they now assume in the 
hands of manufacturers [27J. The barrel-shaped 
chum is perhaps the most popular — we refiT to 
that which revolves end -over-end — ^for the ica'ion 
that it contains no beaters, and that the lid 
is large and the opening correspondingly so [25]. 
The best utensils are made of oak, pmished out- 
side, and skilfully finished. The jchief systems 
adopted by chum makers are: (1) chums 
fixed with movable beaters or dashers within, a 
type common in Denmark, Sweden, and Germany, 
and represented by the Holstein chum, which 
permits of the easy removal of the butter ; 
(2) revolving churns with fixed beaters, some of 
which are remov- 
able through the 
mouth ; (3) revolv- 
ing chums without 
beaters or dashers ; 
and (4) the fixed 
chum, within which 
a disc revolves with 
great rapidity. 

Although the end- 
over - end barrel 
chum is popular for 
the reaions already 
given, there is pro- 
bably no chum in 


the market which does better work than tlio 
Holstein. In good hands, however, good butter can 
be produced and a minimum quantity of butter 
fat left in the buttermilk in any well-made chum. 

What the Churn Does. The object 
of churning is to extract the fat from the 
cream in the form of fine granules [28], 
which, by washing, can bo made up into 
swoot, well -keeping butter. Where butter is 
over-churned [29], or churned into a 
lump, it is practically spoiled, for 
the buttermilk, which contains 
impurities, cannot bo extracted. 
Tf churning, however, cease when 
the butter has broken^ as it is 
termed, into granules about the 
size of grains of rice, the washing 
which follows removes the butter- 
milk, and consequently the casein 
and sugar that it contains. If 
the temperature of the cream bo 
too high, those granules are soft, 
and adhere to each other, and thus 
prevent perfect washing. If the 
granules are tco small, Tike grains 
of mustard seed, for example, 
washing is still difficult ; hence 
the preference of skilled makers for 
the size which has been mentioned. There must 
be no greasiness; on the contrary, by skilful 
manipulation and the aid of very cold water, the 
rice-like grains may bo rendered firtn and crisp, 
and perfect washing facilitated. No process of 
churning or washing, however, will enable the 
most skilled of makers to produce good butter 
from irap<»rfect milk or cream. 

How to Use the Churn. The chum 
should never be filled too full of cream ; 
not, indeed, more 
than one half. 

The larger the 
quantity of 
cream placed in 
the chum, the 
longer the time 
occupied in bring- 
ing the butter, 
while the smaller 
the quantity, the 
shorter t 
time oc( 
pied. F 
instance, 
a chum i 
tended 
deal with 

lb. of cream, 27. oiapuraom churn , 

16 lb. pro- (Pond £ Bon, Ltd., Bkaafcid) 

4270 



25. END-OVER-ENO CHURN 
(R. A. Lister & Co., Duisle^) 



28, BJBLAITRUSB, OB BUTTER 
BBYBB 

(Dftiry Supply Od., Ltd.) 






*AMlOIILTUIIK 

duced butter in 28 minuten; wh'^n double the 
quantity of cream wa.i churned, 39 minutes 
were occupied ; and when four times the quan- 
tity of cream were used, 85 minutes were occu- 
pied—the percentage of butter produced be^ 
slightly smaller with the increase in the quantity 
of cream. Cream, however, like milk, does not 
all churn alike ; something depends upon th^ 
individuality of the cow, and something upon 



28. WELL-CHirUNED BUrrER 


the food consumed. Spt'cd, too, exerts some 
mHucnco, and, as \^e have He(m, tli'^ quality of 
cream employed. 

Influence of Cowe* Food on Cream. 

We have much yet to learn as to why the 
cream of one cow is more churnable than that of 
another, and also why cream produced from 
some classes of food is more churnable than 
that produced from othei’s. It is, however, 
w(‘ll Imown that where cows are fed upon grass 
m HumnKU’, the percentage of fat obtained in 
cliuming is greater than when the same animals 
aie fed upon hay and certain other dry foods 
in winter. The speed adopted in churning varies 
with the churn and its size ; the number ot re- 
volutions jH'r minute should b(' noted, together 
with the results which follow', and the careful 
operator will quickly learn what six'cd to adopt. 
With the disc chum, butter may be produced 
111 five minutew; indeed, with almost any class 
of churn rapidity is followed by the production 
of the butter in a shorter time, but sometimes 
at the expense of cither quality or quantity. 
With the average churn, butto is pi'oductHi in 
from 30 to 40 minutes, the numlicr of revolutions 
varying from 45 to 65 per minute. 

Modifying the Temperature. We 
have already referred to the influence of tem- 
]»erature, but, whatever figure be adopted. 
It cannot be more than approximate, for the 
reason that Die fats of w'hich butter is com- 
|)OH<>d aie not all constant in quantity ; the solid 
fats, for example, vary as between winter and 
summer, and these fate possess different melting 
]X)intB. The influence of temperature is also 
modiflod by the material of which the churn is 
made, the consistence or richness of the cream, 
and the temperature of the daiicy in which the 
work is iierformed. A high temperature must 
always be avoided, if it bo sufficient to produce 
an approximate oiliness in the cream. If chum- 
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ing be protracted and^thecreanj sw^jl in voluipc. 
or froths, and become, bitter and “ sleepy,” 
churning should be stopped, an^ half the cream 
removed before beginning again ; when both lots 
have been converted into butter, the butter 
should be w'aslied witJi sweet mi^s, and salted 
with half an ounce of salt to the pound. 

What Occurs inside the Churn* 
Before beginning to chum, the vessel should 
be scalded and brought as near as possible 
to the temperature of th^ cream. If the tem- 
jierature be, however, too high, it may be reduced 
with cold watt‘r ; or, if loo low, by scalding again. 
Neithei’ soap nor soda should ever be us^ to 
clean a chum. After starting to chum, the gas 
within (carlionic acid) should be allow^ed to 
escape by pressing the ventilator. Steady work 
sliould' be continiU‘d until the butter breaks. 
This may be noticed by watching the glass 
of thf5 window, or by listening to the splashing 
of the cream, which changes from a dull thud to 
something like the splashing sound of water; 
while the glass, hitherto covered with a tilm of 
cream, becomes almost clear, and tiny grains of 
buttiT may be noticed adhering to it. At this 
]K)int the butter should be examined, and, unless 
the grains be quite distinct and crisp, a little cold 
water, as near 40° F. as possible, may be added. 
The churn may then be turned gently for a few 
revolutions, in order to increase the size of the 
grains to that of rice or small wheat f28J. 
When this point is reached the buttermilk may bt^ 
drawn off through a strainer, and more cold water 
added for the first washing. If the temperature has 
reached 58° F. to 60° F. the colder the watiT the 
b(‘tter. The churn may then be rocked and the 
water drawm off through the sieve. Two or three 
similar washings may follow, rocking each time, 
until the w'ater edmes away quite clear. The 
work in the churn may then be completed by 
w'ashing with brine made by adding»one pound 
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of dry salt to 1 J gallons of water. After drawling 
off the brine, the grains of butter may be removed 
from the churn wuth the buttor-scoop, either on 
to a wooden trough w^hich some persons use 
for draining purposes, or to the butter-worker, 
where it may remain in a pile in the grain until it 
has drained sufficiently to be ready for worlung. 
Home makers, however, remove "the granules 
of butter into a Delaiteuse [26J, a hand macliine 
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whioH, revolving at high speed, removes the 
water by centrifugal force. 

The Butter ■ worKer. The butter- 
worker «s made in two forms — circular [81] and 
rectangular, its floor being either high or low 
in the centre in the case of a circular inat'hine, 
or sloping from the centre to the ends in the rect- 
angular machine to help drainage ; 
but in either case a fluted i oiler [80] 
passes over the butter, squeezing 
out the moisture, and at the 
same time making the mass 
of grains homogeneous. Care 
must be taken not to smeai the 
butU*r or to cause friction, which 
results in sixiiling the grain, nor 
must butter bt' worked when it is 
too soft, or u]K)n a tabh* which has 
not been prepared by scalding, 
salting, and finishing with 
cold water. 

In making fine, fresh, mild 
butter, brining alone is sufli- 
cient. Por mild salting, j oz, to 
1 lb. is added by the aid of a 
dredger when the butter is on 
the woikei. Sliglitly heavier 
salting is the i esult of J o/. to 1 
lb., while tor preserving pui- 
poses ^ oz. may be employed. 

'Hie salt used should be of the purest obtainable, 
ground almost as fine as flour, and well dried m an 
oven. Salt attracts moisture, and where exetwsivo 
moisture is pri'sent in butter coarse salting is fol- 
lowed by a mottled apfiearancc, whudi renders 
butt er almost unsaleable. Butter should never lie 
^ artifically coloured. If it be pale it may be im- 
proved by the 
addition of Jer- 
sey or Guernsey 
cattle to the herd. 

Handling to 
be Avoided. 

In tnaking up 
butter [80], 
prints and 
moulds are no 
longer used in 
this country m 
the ordinary way, 

<ilthough quite 
(‘ommon on the 
Continent, where 
butter is moulded 
by implements or 
machines, which 
at the same time 
cut it into various 
weights. English 
butter is usuaUy 
made in pound 
or half-pound rolls, although occasionally these 
are stamped. Butter should never be touched 
by the hand. It is a well-known fact that the 
pores of the skin are the media through which 
perspiration passes, this being secreted by glands, 
and containing not only carl^nic acid, but small 


quantities of urea. In potting or preserving 
butter, well-made tubs or boxes, which should 
be lined with greaseproof paper, or glazed earthen- 
ware vessels should be used. Butter for preserv- 
ing should be churned at 56® P., well drained, 
dried, salted with tliree-quarters or one ounce of 
salt to the pound, and packed carefully so that 
air is excluded. If it be kept at from 35® F. to 37° 
P. it will keep well and long, but great care is 
necessary from the begiitoing completion 

of the process. In judging butter, flavour takes 
the first place, foliow'ed by grain and toughness, 
and lastly by colour anil firmness. Where points 
are adopted, half arc given for 
lla\ our and a quarter for grain. 

Prices. The value of 
milk for butter production 
de)>ends upon its richness 
in fat. The practice of paying 
the farm'*r upon the basis 
of quality is not only a just 
one buf if offers him an in- 
ducement to improve the 
quality and eharaoter of his 
herd. '^Plie milk as it arrives 
at the dairy or factory 
should Ih‘ sampled and tested 
either daily or w'eekly, m the 
latter ease through the 
medium of a composite sample 
by the Gerber or Babcock maeliine, and the 
farmer credited with tlii' )>ereenlage of fat which 
his milk contains, and he should be paid ac- 
cordingly. 1.^'t im sup)>ose that three farmers, 
A, B, and C, supply milk in similar quantities 
for a similar period, containing respectively 3, 
3J, and 4 per cent, of fat. Instead of each man 

receiving a simi- 
lar aheque, B 
would receive 
one-Hixth more 
than A, and (J 
one -third more. 
Thus, if 5d. piT 
gallon won^ paid 
for millc contain- 
ing 3 por cent., 
(ki. for milk con- 
taining 3.^ piT 
cent., and 7d. 
for that contain- 
ing 4 per cent, 
of fat, emdi 
man sending 'k) 
gallons pc*r day, 
or, say, 10,000 
gal Ion s per 
annum, B would 
obtain £41 more 
than A, and C £83 
more. The sys- 
tem of paying on the basis of fat percentage, how- 
ever, may be varied, so that each farmer may re- 
ceive parent for each pound of fat which he sup- 
plies in his milk, the quantity Is-ing calculated on 
the basis of the fat pcrcimtago. Keform in this 
direction is much neeiled. 

Continued 
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Resources and Occupations of the Various Republics 


By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


COUTH AMERICA (7,000,000 sq. miles) ex- 
^ tends from the Isthmus of Panama to the 
southern extremity of the New World. It is 
longer than North America (4,600 miles between 
Capes Gallinas and Froward), but not so broad 
(3,200 miles between Capes Farina and Branco). 

Coast Line* The Pacific States arc Colombia, 
Ecuador, Peru, and Chile. The Caribbean States 
are Colombia and Venezuela, and. farther east are 
the British, Dutch, and French Colonies of 
Guiana The eastern or Atlantic States are 
Brazil, Uruguay, and Argentina. The inland 
States ore Bolivia and Paraguay. All are 
republics except the British and Dutch Guianas. 

Gulfs and Islands. The compact form 
and short coastline contrast strongly with the 
indented shape and extensive coastline of North 
America. Notice the absence of inland seas, 
gulfs, peninsulas and islands. The southern 
coast of Chile is fringed with islands and indented 
with fiords recalling the very similar coast of 
Norway. The island of Tierra del Fuego is 
separated from the southern mainland by 
Magellan Strait, a stormy channel leading from 
the Pacific to the Atlantic. Farther out in the 
Atlantic are the Falkland and South Georgia 
Islands. 

Mountains and Rivers. There is a 
marked similarity in the disposition of the 
mountains, and plains of North and South 
America. South America, like North America, 
is bordered along the whole length of the Pacific 
coast by a high, broad mountain system consist- 
ing of many parallel chains. These are the 
Andes, or Aouth American Cordillera, corre- 
ponding with the North American Cordillera. 
From their eastern base stretch vast plains, 
covered with forest or grass, corresponding with 
the central lowlands of North America. East 
of these great lowlands rise the Atlantic High- 
lands, also corresponding with those of North 
America. The Amazon, which corresponds in 
position with the St. Lawrence, separates the 
Guiana Highlands, con^arable with the Labrador 
Highlands, from the Brazilian Highlands, com- 
parable with the Appalachians of the United 
States. The different shape of South America 
prevents the formation of a south-flowing 
river on the scale of the Mississippi, with 
which the Paraguay-Parana corresponds. The 
Orinoco, both in position and direction, sug^sts 
a comparison with the Saskatchewan-Nfelson. 
Interesting as these resemblances are, they are 
more superficial than real, and must not be 
pushed too. far. The fact that the southern 
continent is broadest in the latitude of the 
equator while the northern continent is broadest 
in the latitude of London sufficiently indicates 
how widely the two continents must differ. 


The Andes. The structure of the South 
American Cordillera, or Andes, is not yet 
thoroughly known. Fitzgerald, Whymper, and 
Conway have climbed the loftiest peaks, but, 
brilliant as such feats are, they teach the geo- 
grapher less than does the careful survey of a 
region area by area. The nature of the Andean 
region makes this process a slow one, and it will 
probably lie long before wo know the South 
American Cordillera as we know that of North 
America. 

The Coastal Ranges. The coastal ranges 
of South America are not continuous. In 
Colombia they form a densely-forested and 
little-known region, which is separated from the 
Cordillera proper by a depression in which the 
Atrato flows north and the San Juan south. 
Further south in Ecuador this depression is re- 
presented by the valleys of Western Ecuador. 
From Guayaquil to Arica the coastal range is 
absent, but south of Arica it reappears, the 
Atacama Desert occupying the depression 
between it and the Cordillera South of Acon- 
cagua it can be traced in the mountains which 
form the west(*m boundary of the narrow valley 
of Chile. South of 42^ the coastal range is 
represented by the islands of Chiloe, Chonos, and 
Queen Adelaide, and the depression by the , 
channel which separates them from the deeply 
fiorded coast of Southern Chile. 

The Andes of Colombia. In Colombia 
the Cordilleran system consists of three chains, 
separated by long, narrow, parallel river valleys. 
These chains diverge to the north, but converge 
in the south to the node or knot of Paste. 
Between the Western and Central Cordilleras is 
the valley of the Cauca, an affluent of the Mag- 
dalena, which flows parallel to it between the 
Central and Eastern Cordilleras. The highest 
part of the Central Cordillera is in the south 
where the great volcanoes of Tolima and Son Ruiz 
rise to 18,000 ft. The Eastern or Bogota Cor- 
dillera, which is not volcanic, forks, the western 
fork running due north t(^ the Sierra de Santa 
Marta of the Goajira Peninsula, while the 
eastern fork is succeeded by the Sierra do 
Merida (15,500 ft.) and the northern coastal 
range of Venezuela. 

Many fine views are obtained from summits 
in the Colombian Andes. From the mountains 
above Bogota a magnificent view is had of 
Tolima and San Ruiz, nearly 100 miles to the 
west, their great frozen sides glittering under the 
trcmical sun. 

The Andes of Ecuador. In Eouadpr 
two main chains oan be traced, both containing 
many lofty volcanic peaks. In the western 
chain are Chimborazo (20,500 ft.), Tltinjga 
(17,500 ft.), and many others over 15,500 ft 
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The caBien) peaks include Cotopaxi (19,600 ft.), 
Antisana (19,300 ft.), Cayambo (19,200 ft.), 
Sangai (17,500 ft. ), and others almost as high. 

Voycanees. Sangai and Cotopaxi are 
seldom at rest. All this remon, as well as 
Colombia, is often visited by disastrous earth- 
quakes. 

The snows of the Eastern Cordilleras of 
Colombia feed the many streams which rush 
down precipitous and densely -forested gor^s to 
form the tributaries of the Orinoco. Only the 
extreme south of the Colombian Cordillera sends 
its waters to the Amazon, to which also flow tho 
waters of the Eastern (brdilleras of Ecuador, 
thiougli scon(»ry equalling the finest parts of 
the Himalayas. 

The Andes of Peru and Chile. The 

Andes in Peru form three chains, which increase 
in height from north to south. These are sepa- 
rated by narrow river valleys recalling thos<‘ 
of Colombia. Between the Western and Omtral 
Andes is the valley of the Marafion, the principal 
head stream of the Amazon. The Central Andc's 
are separated from the Eastern Andes of Peru by 
the valley of the Huallaga, which flows paralh^l to 
the Marafion, and like it goes to form the Amazon. 
Both turn east and break through the eastern 
chain in magnificent gorges. The threes ranges 
converge towards Pasco, near the source of the 
Huallaga, south of which the height of the peaks 
increascH). The Ucayali, a tributary of the 
Amazon, gathers up tho many streams which 
flow from the Eastern Andes through densely 
forested and little-known country. The eastern 
or Cordillera Real now begins to diverge from the 
western, and between the two li<*s the lofty 
p]at(*au of Bolivia, the Tibet of the Andes. Both 
(‘hains contain lofty peaks. El Misti and others 
in the western chain are not far short of 20,000 
ft., while Illimani and Sorata in the ( Wdillera 
Real are over 22,000 ft. 

The Andes of Chile and the Argen- 
tine. In the north of Chile and the Argen- 
tine, the Andes form three ranges. The eastern 
chain is divided from the Central Andes by a 
plateau over 4,000 ft. above the sea. These 
three chains are replaced by the western coastal 
and main or eastern chain further south. This 
main chain contains the highest peaks, including 
Aconcagua (23,000 ft.), the culminating point 
of tho New World. Though Aconcagua can \ h * 
clearly seen from the Pacific coast, its snows feed 
streams which flow to the Atlantic, 700 miles 
away. 

After every kind of hardship, the summit 
of Aconcagua was reached in 1897, and the 
continent lay spread out below. “ Tlie line of 
the Pacific stood high on the horizon, stretching 
away for 150 miles. Range after range of 
mountains could be clearly seen between Acon- 
cagua and the ocean. We seemed to look right 
down into the valleys between those ranges. 
Fifty miles away stood the great snow mass of 
Mercedario, one of the highest mountains in 
the Andes, towering above all the surrounding 
ranges. Of the pampas, or plains, of the Argen- 
tine we could not see anything : there were too 
many high ranges between. To the south the 


clouds were not high enough to cut off the 
magnificent view of Tupungato (22,900 ft.) and 
the great range to the north, including the 
beautiful peaks of Pollera (19,000 ft.), Navarro 
(19,500 ft.), and Juncal (^,500 ft.), which so 
distinctly mark the boundary line l^tween the 
two republics.” To the north the Cordilleras 
widen out, until at lat. 32° 50' they rise up from 
Mendoza and continue almost to the sea coast, 
a idiRtance of 156 milips. , . . . . 

The Cumbre PaM. At the base of 
Aconcagua is the Chimbro or Uspallata Pass, 
12,800 ft., leading from Chile to the Argentine. 
There is no pass so low ns this for many hundreds 
of miles to the north. It is tho route followed 
by the transcontinental line from Buenos Aires. 
A tunnel below the summit of tho pass is in 
course of construction. 

The Andes South of Aconcagua. 
South of tho Cumbre Pass the Andes are 
narrower, but still very lofty. The gi'cat plain 
in which Santiago is situated is not more than 
45 miles to the west from Tupungato. These 45 
miles are filled with range after range of high 
mountains. From the top of Tupungato eost- 
w'ards, a man can look down almost into the 
great plain of the pampas. ^ 

Southwards the range sinks as well as narrows, 
to disappear at last beneath the waters of tho 
ocean. The mountains rise steeply from the 
Pacific, and the sea has penetrated far up the 
valleys, forming fiords like those of British 
C Columbia. Beyond lies a fringe of islands, 
representing the almost submerged coast range. 
At the eastern side are many picturesque lakes 
which recall those of Switzerland or of Scotland. 

Central Lowlands and the Orinoco. 
Tho Central Lowlands may be grouped as the 
Orinoco Lowland, the Amazon Lowland, tho 
Plate or Paraguay-Parana Lowland, and tho 
Patagonian plateau. Between the Orinoco and 
Amazon Lowlands rise the Guiana Highlands in 
th(^ east, while the Brazilian Highlands soparati* 
the Amazon and Plate Lowlands. Tho Orinoco 
rises in the Sierra Parimo, the south-west part of 
the Guiana Highlands, round tho western and 
northern base of which it flows in a semicircular 
course of 1,500 miles, tho direct distance between 
its source and mouth being only 500 miles. 

The traveller approaching the coast of Vene- 
zuela notices far out to sea tho milky waters of 
a great river, sharply contrasting with the blue 
salt water. This great outflow of fresh water 
convinced Columbus of the neighbourhood of a 
continent, for no West Indian island could feed 
so great a river. Six or seven of the 70 channels 
w'hich cross its delta are navigable. A waste 
of mangroves fringefi the coast, succeeded inland 
by a labwinth of vegetation, through whose 
innumerable creeks dart the canoes of half- 
naked Indians. Beyond tho swamp-forest of 
the delta the country opens out on the west bank 
to the grassy llanos, which stretch to the horizon, 
apparently level, but really rising imperceptibly 
to the forests, or selvas, at the eastern base of 
the Andes. 

The grass is very luxuriant in the wet season, 
but withers in tho dry season, when the vast 
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herds of cattle, horses, and mules, suffer terribly 
from hunger and thirst. 

The tributaries of the liOwer Orinoco are the 
Caroni and the Caura, swift streams rushing 
down from the densely-forested wilds of the little- 
known Guiana Highlands. Between their con- 
fluences the Orinoco narrows, and there, at the 
head of tidal navigation, is built Ciudad Bolivar. 
The Lower Orinoco becomes enormously swollen 
in the rainy summer months, and floods the 
lowlands for many miles. 

Quito different in character arc the left bank 
tributaries — the Meta. Quaviaro and others, 
which come from the Eastern Andes across the 
llanos. These are navigable for hundreds of 
miles, though in the dry season sandbanks 
may interrupt the channel. The Orinoco itself 
is navigable as far as the Atures and Maipures 
rapids, above the confluence of the Meta, 
where the river descends from the highlands to 
the lowlands. These rapids are a step-like 
series of cascades where the river, measuring 
some miles from bank to bank, is broken into 
innumerable narrow channels by rocks and 
islands all densely clothed with palms and other 
tropical trees. 

The course of the Upj)er Orinoco is through the 
forests of the Guiana Highlands. At no great 
distance below its source the river forks. The 
Cassiquiari, the western branch, never rejoins the 
main stream, but connects with the Negro 
tributary of the Amazon. 

The Amazon, The Amazon, the largest 
river in the world, rises about 60 miles from the 
Pacific, and after a course of nearly 4,000 miles, 
tiours its waters into the Atlantic. Its longest 
head-stream is the Ucayali, but the Maraflon is 
TOnerally regarded as the source. Both the 
Marafion and the Huallaga rise in the Peruvian 
Andos, near Cerro de Pasco, one of the highest 
towns and richest silver mines in the world. 
Both flow north, descending from their lofty 
sources in a series of cataracts and rapids. 
Both at last turn east and break through the 
outer or eastern Andes to the lowlands, forming 
magnificent gorges, through which the river 
roars in cataracts of terrible beauty. Soon after 
entering the lowland the rivers unite, and, after 
receiving the Ucayali, are known as the Amazon. 

The Amazon Foreet Lowland, 
Nearly all the Amazon Lowland — ^an area three- 
quarters that of Europe — ^is covered with dense 
forest, or sdva. No traveller can describe its 
wonders, the luxuriance of its vegetation, and 
the profusion of its species. In it one may 
journey for weeks in any direction without ever 
passing out of the world of trees. The eye 
itself cannot take in 'the vision. **The whole 
gloiy of these forests,** says the great naturalist 
Wallaoe, could only be seen by sailing in a 
balloon above the undulating, flowery surface. 
It is, indeed, a magnificent sight to behold a great 
tree covered with one mass of flowers, and to 
hear the deep hum of millions of insects gathered 
to enjoy the honeyed feast, but all this is out of 
reach of the admiring^ naturalist. It is cmly by 
the river banks that we can see all the beauty 
of the tfopioid vegetation. There we find a 


mass of bushes, shrubs, and trees of every hei^t> 
rising over one another, all' exposed to the bri^^t 
light and fresh air, and putting forth within reach 
their flowers and fruite which in the d'^pth of 
the forest only grow far up on the topmost 
branches. The huge buttress trees, the fissured 
trunks, the extraordinary air roots, the twisted 
and wrinkled creepers, the elegant palms, are 
what strike the attention and fill the mind with 
admiration.** 

The Middle and Lower Amazon, 

Througli this vast forest, the greatest in the world, 
flows the Amazon and its mighty tributaries. 
Of those from the north the Rio Negro is the 
largest. Purus, the long Madeira, Tapajos, 
ana Tocantins all come from the south, so that 
the stream of the Amazon is fullest during the 
southern rainy seasons. The main stream is 
often miles in width, bearing many verdurous 
islands on its broad bosom. It breaks up into 
many parallel streams or side channels, along 
w’hich one might travel through the dark re- 
cesses of the forest for many hundreds of miles 
without ever returning to the main stream. 
Along these, Indian tribes who make the forest 
their home push their way in their rude canoes. 
On the mam stream there is regular steamer 
navigation. Tlie main stream is navigable 
to where the Maranon issues from the eastern 
wall of the Andes, and most of its tributaries 
almost to their sources. The Madeira, the most 
important, is navigable to the base of the 
Bolivian Andes with a break where there is a 
succession of rapids. 

The Amazon does not form a delta, but a great 
estuary, which for the last 250 miles is 50 miles 
wide, and at its mouth as much as 500 miles. 
Up this funnel, the Atlantic tides rush for 600 
miles, often with great violence, forming for- 
midable waves. The influence of the river 
freshens the sea water for 150 miles out to sea. 
Steamers enter the Amazon by the Para River, 
south of the island of Marajo, through narrow 
and intricate winding channels. 

Resources of the Amazon Basin. 
The products of the forest are too numerous to 
be mentioned. The most important is rubber. 
The timber would be of enormous value if it 
eould be conveyed to the markets of Europe and 
Asia. The region will develop either by the 
slow growth of small plantations, carved out of 
the forest by the natives with infinite labour 
and patience, or by trading syndicates which 
will utilise the timber in the course of clearing the 
forest, and employ native labour for all work 
involving exposure to heat and rain. 

The important towns of the Amazon are all 
at the confluence of important tributaries — 
Nauta, where the Ucayali joins the ^araflon; 
Manaos, at the confluence of the Kio Negro, 
commanding ma^ routes ; Obidos, at that of 
tlie Trombetas ; Santarom, that of the Tapa- 
jos ; and Para, at that of the Tocantins. 

The Plate Lowlands, If the Amazon Low- 
land be a typical forest land, the Plate Lowland 
is a typical savana land. The Paragwy, the main 
stream of the rivers flowing to the Plate estuary, 
rises in the plateau of ^tto Grosso, in the 
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Brazilian Highlands, and flows due south, 
receiving the Piloomayo and other tributaries 
from the Andes. These cross the Oran Chaco, 
with its forests and plains of grass dotted with 
innumerable' fan-palms, and then emerges into 
the treeless pampas. They pass thus through 
country similar to that crossed by the Meta 
and other Andean tributaries of the Orinoco. 
This region, like the llanos of South America, 
the prairies of North America, the steppes of 
Europe and Asia, and parts of the veldt of 
South Africa, is a |p'eat pastoral land, broken 
up for cultivation in the moister richer parts. 
Mounted horsemen, the gauchos, generally with 
Indian blood in their veins, follow up vast 
herds of cattle and horses which roam over the 
infinite reaches of the pampas. 

The Patagonian plateau lies east of the Andes, 
descending by low terraces to the narrow coastal 
plain. It is a pastoral land, too dry for much 
agriculture. 

The Eastern Highlands. As in North * 
America, the Eastern Highlands are the worn- 
down remains of a very ancient region, far older 
than the higher Western Highlands. They are 
tablelands of tlie African type, and are divided 
by the Amazon Valley into the Guiana High- 
lands to the north, and the Brazilian Highlands 
to the south of that river. Both are only very 
partially explored. 

The Guiana Highlands. The Guiana 
Highlands are, in a sense, an island, enclosed 
between the Atlantic Ocean, and the Orinoco and 
Amazon rivers, which are connected by the 
Cassiquiari. The whole region is rugged and 
difficult to penetrate, covered either with dense 
forest, or with savanas of giant grass. The 
rivers are wild torrents, forming innumerable 
falls and rapids, and of little use as routes. 
The interior of this region is practically unin- 
habited. As recently as 1900 an exploring 
party suffered intense hardships on the Caroni, 
and the majority perished of the exhaustion 
caused by the difficulty of clearing a track 
and of obtaining food. 

The highest part of the Guiana Highlands is 
round loutu (11,000 ft.) and Roraima (8,500 ft). 
The latter, a magpifioent table mountain, rising 
above a sea of forests, sends its waters to the 
Caroni tributary of the Orinoco, to the Essequibo 
River of British Guiana, and to the Rio Branca 
tributary of the Rio Negro, whose valley drives 
a wedge of lowland far into the highlanos. The 
Sierra Parime, rising steeply above the Amazon 
Lowland, is the source of the Orinoco. 

The Brazilian Highlands. The Bra- 
zilian Highlands are enclosed between the At- 
lantic Ocean and the Amazon and Paraguay- 
Parana rivers which, in the rainy season, are 
connected by the Guapore branch of the Madeira. 
fVom Gape Erio, north of Rio Janeiro, a line 
of high ground, forming the Minas Geraes, 
Goyaz, and Matto Grosso plateaux, separates the 
rivers flowing north to the Amazon from those 
running souui to the Paraguay-Parana, or east 
to the Sfto Francisco, The highest summit is 
Itatiaya (9,000 ft. ). Muoh of this region is densely 
forest^ and difficult to penetrate. Elsewhere 
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it is a savana land, well wooded in the Matto 
Grosso and other regions. 

Climate. Most of South America lies 
betw^een the tropics, and has a tropicaljclimate. 
The continent is broadest in the equatorial 
region, and the climate of much of the interior is 
always hot. Contrast this with North America, 
whore the continent is broadest in temperate 
latitudes and the interior has a very extreme 
climate. The hottest region in summer (Jan- 
uary) lies between the mouths of the Amazon 
and Plate. The hottest region in July is tho 
northern seaboard. Elevation must, of course, 
be taken into account. In the Andes we have 
the Same sucoession of zones (tierra calitrdtt tierra 
templadaf and Herra fria) as in Mexico and 
Central America. South of tho Plate Estuary 
the summers are those of Southern Europe, 
and the winters those of the British Isles. In 
the extreme south, both summers and winters 
are those of our own country. 

Tho rainfall of the Amazon basin is heavy at 
all seasons, but especially at the equinoxes. The 
Guiana coast, also, has heavy rains at all seasons. 
Dry areas are found on the west coast in Peru 
and Chile, in the trade wind area, and in the lee 
of the Eastern Andes, in the west wind belt. 
Tlio rest of the continent has a rainfall of 
from 40 in. to 60 in., with dry winters. There 
is a relatively dry area in Brazil, round the 
middle of Sao Francisco, ^\here the Brazilian 
Highlands are high enough to intercept the 
Atlantic winds. ^J'he valley of Central Chile 
has winter rams, and may bo compared with the 
valley of California. 

Vegetation. We have already seen how 
dense is the vegetation of most of tropical 
America. Tho Amazon forest is the greatest in 
the world. All tropical species are represented, 
but rubber is the most important commercially. 
On the slopes of the Andes, the cinchona- tree, 
furnishing quinine, is extremely abundant. 

These selvas of the Amazon Lowlands pass into 
the llanos of Venezuela in the north and the 
pampas of the Argentine in the south. There 
are open or parklike woodlands or campos in 
many parts of the Brazilian Highlands. .Pata- 
gonia is poor steppe land, with the characteristic 
thorny vegetation of a dry climate. The Pacific 
slopes of Southern Chile have coniferous forests 
like those of British Columbia. 

The cultivated plants are mainly those of the 
tropics. Cacao is an important product of the 
cultivated slopes of the Andes, sugar of the 
Guiana Lowlands, and coffee of the cultivated 
Atlantic slopes of the Brazilian Highlands. 
Outside the tropics in the Plate Lowland^ wheat 
is a crop of ever increasing importance. 

Population and Occupation. No con- 
tinent presents meater contrasts than South 
America. Rouna the coast we have a few 
great cities which will bear comparison with any 
in the Old or New World. In the heart of the 
continent we have tribes of wandering Indians, 
ignorant of all arts except hunting, ^ manu- 
h^ture of the needful weapons, and the building 
of rude canoes. Between the two every grade 
of civilisation is found. 
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South America, backward and thinly peopled, 
presents a striking contrast to North America, 
with its denser and intensely progressive popula- 
tion. 41ie explanation is mainfy goograpldcal. 
The density of the forest in the lowknds and 
the rugged character of the highlands have made 
the opening of routes very difficult, and have 
checked the growth of population and the 
spread of civilisation over a ^eat part of the 
continent. This is most marked in the forest 
region, where the native tribes are at a far 
lower level than were the prairie Indians of 
North America. It is instructive* to compare 
these backward forest tribes with the relatively 
high civilisation which the European discoverers 
of South America found in the Highlands of Peru. 

While the geographical conditions were un- 
favourable to the rapid advance of the native 
races, the situation of the continent in tropical 
latitudes was equally unfavourable to its coloni- 
sation and development by Europeans. North 
America, with its gi-eat extension in temj)erato 
latitudes, made an admirable home for the most 
vigorous European races, who rapidly multiplied, 
and filled up the continent. South America, 
except in the south, was unsuited to EuroiJeans, 
who confined their settlement ftT the coast, and 
did little to develop the interior. 

Agriculture and Manufactures. Agri- 
culture is confined to the margin of the 
continent. In the grasslands horses, cattle, 
mules, and sheep are bred in enormous numljers, 
sheep being found in the drier areas — such as 
Patagonia. Notice that v liile North America can 
consume much of the meat it raises. South America 
has not a sufficient population to do so ; also that 
the difficulties of transport make the preparation 
of meat extract an important industry, as 
the value is high in proportion to bulk and the 
cost of transport. North America, with its 
excellent communications, adopts less wasteful 
methods of preserving meat. Hides are an 
important export from South America. In North 
America the manufacture of boots and shoes 
is very important in the towns east of the ranch- 
ing prairies, but South America is too thinly 
peopled for manufactures. 

In the tropical forest, rubber and other forest 
produce are collected, and sent down the Amazon. 
It is easy to see \vhy lumbering has not become* 
important. Felling a tree in the (jlimate of the 
tropics is a very different matter from felling a 
tree during the bracing Canadian winter, even if 
suitable labour were abundant instead of scarce. 

The last occupation to note is mining. Many 
parts of the Andes are rich in minerals, and the 
gold and silver mines in particular have been 
worked for centuries. In the east, both the 
Guiana and Brazilian Highlands are rich in 
gold, and the latter also pr^uce fine diamonds. 
The more useful metals only wait for a popula- 
tion to exploit them. The alkaline deposits 
of the Atacama Desert of Chile are valuable 
fertilisers in great demand for agricultural 
purposes. 

Kmcen and Religion. The aboriginal 
races, pure and mixed with Europe^ blood, form 
the bulk of the population, which is estimated at 


38,000,000. The Europeans ai'e mainly of 
Spanish and Portuguese descent, the latter 
especially in Brazil. Negroes and coolies from 
India have been introduced for plantation work 
in the east. In recent years there has been a 
larg(* influx of Germans into Southern Brazil, and 
of Italians into the Argentine. The predominant 
religion is Roman Catholic ; the language and 
general mode of lift' Spanish or Portuguese. 

' Velkekuela; ^ Veneimola ^80 0^ 00 0 iK). miles) 
consists of thre(^ distinct regions : (1) the moun- 
tains in the north-west, including the coastal 
regions bordciing the* Caribbean Sea; (2) the 
llanos or grasslands of the Orinoco ; and (3) the 
Guiana Highlands in the south-east. 

The climate is tropical in the lowlands, but in 
the mountains tierra calienbe^ tien'a templada^ 
and tierra fria are well-marked. Still higher in 
the west are the pararnos — bleak, treeless pastures, 
which extend to the snow lino. Cinchona is 
abundant in the higher forests, in the clearings 
of which are grown potatoes, pulses, and the 
hardier cert‘als. In th<» middle zone the fon'sts 
contain magnifi(*ent tree ferns, and in the valleys 
and plateaux bananas, coffee, sugar, etc., are 
cultivated. In the lower or palm forests the 
most important crop is cacao. Much chocolate 
is made from local sugar and cacao. M(*rida is 
the chief centre in these western mountains. 

The less loftv eastern Caribbean ranges do 
not rise above the forest line. Here are situated 
the principal inland towns — (>ar(U‘as, the capital, 
and Valencia— both in the coffee-growing region, 
and the portt» of La Chiaira and Puerto Calx»Ilo. 
A difficult line crosses the coastal range from La 
(hniira to C'arm*aM, zigzagging 25 miles and 
climbing 5,0(K) ft. to reach a town distant only 
about six miles as the crow flies. From the 
summit of the pass (’aracos is seen, 3,0(X) ft. 
below', laid out, like* all South American towns, 
in blocks with re‘Ct angular streets of low, one- 
storied, w'hitc, red- roofed houses, set among 
green sugar plantations, beyond which a parched 
plain stretches to the encircling mountains. 

The llanos, with their vtist herds of horses and 
cattle, have already been de^cril)cd. The 
forests and minerals, including gold, of the 
(luiana Highlands should one* day become very 
valuable, and the Orinoco a great commercial 
highw'ay. At present the chief town, Ciudad 
Bolivar, is a place of little importance. 

The Guianas. Notice in the map how 
many rivers cross Britinh Guiana^ the largest 
lH*ing the Essequibo. For 20 miles inland the 
coast originally consisted of mangrove swamps, 
flooded at high tide. They were dyked and 
drained by the Dutch, and those reclaimed 
lands, in which sugar is the chief crop, are 
practically the only cultivated or inhabited part 
of the Colony. The highlands are rich in gold, 
as well as in forest produce, but cannot at 
present be developed, owing to difficulties of 
communication. The capital is Geormtown, on 
the Demerara River, where rum and molasses 
are made from local sugar. 

DxUch Guiana (46,000 sq. miles), capital Para- 
maribo, is very similar in character. French 
Guiana (30,000 sq. miles) is little developed, and 
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iH used as a penal station. The capital is St. 
Louis, or Cayenne. 

Brazil • The United States of Brazil (3,300,000 
sq. miles) is, roughly, as large as Canada, the 
United States, or Australia Its potential wealth 
is enormous, but only the fringe of the country is 
yet developed It is essentiidly a tropical land. 
Only the extreme south is really fitted for 
European settlement. 

Brazil consists of the vast forested Amazon 
Lowland, in the equatorial hot wet belt, and 
of the Brazilian Highlands, a rugged region 
covered with forests or wide, open grasslands 

The forest region of the Amazon is almost 
unexplored, and very thinly peopled by Indian 
tribjs. Rubber and otlier forest produce is 
collected and sent to the towns, especially to 
Manaos, but also to Obidos, Santarom, and 
others, all at the junction of river routes, whence 
it is forw^arded to Para or Belem, the great 
rubber port Some forest produce is also 
shipped from San Luiz, or Maranhao, and Coara, 
or Fortaleza, both east of the Amazon estuary. 

The agricultural regions of Brazil are along 
the east coast Sugar, cotton, cacao, and 
tobacco are grown m the State of Pernambuco, 
in the north-east, and exported from the port 
of that name, and from Bahia or San Salvador, 
m the neighbouring State of Bah a Gold and 
diamonds are abundant in the States of Bahia 
and Minas Geraes, where all minerals are widely 
distributed. The latter state is in the grazing 
zone. Some cotton and much coffee is grown in 
the State of SSo Paolo, the capital of which has 
the same name, and is exported from Santos. 
Some coal is worked in Rio Grande do Sul, where 
cattle raising is important. 

The Federal capital is Rio Janeiro [148], on a 
harbour of extraordinary beauty. The city, 
which has a bad reputation for health, is laid 
out, like most South American cities, on the 
chessboard plan. 

Uruguay. Uruguay (72,000 sq. miles) is a 
savana land, lying east of the river Uruguay, 
which flows to the Plate Estuary. Its w'inters 
are warm, and the summer heat is tempered 
by the Atlantic. The chief occupation is the 
raising and slaughtering of cattle. The slaugh- 
tering centres are Montevideo, the capital, and 
Paysandu, where choice tongues are canned. 
Fray Bentos, south of Paysandu, makes meat 
extracts. Much of Uruguay is well suited for 
wheat growing, which will doubtless develop. 
The mineral wealth is considerable. Salto is the 
centre of the mining disti’ict. 

Paraguay. Paraguay (140,000 sq. miles) 
lies between the Pilcomayo and the Parana, both 
joining the Paraguay, which bisects the country. 
There are magnificent forests in the hillier parts 
of the country. Much of Paraguay is well suited 
for agriculture. Yerba mat4, or Paraguay tea, 
a native plant, which is in great demand 
throughout South America, is an important 
ei^rt. Cotton, indigo, and rubber also grow 
wild. Sugar, rice, tobacco, maize, coffee, and 
many fruits, can be cultivated. Cattle, horses, 
and sheep are bred. The capital is Ascuncion, 
on the Paraguay. 
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Argentina. Argentina (1,800,000 sq. miles) 
largely consists of flat treeless pampas. In the west 
the country rises to the base of the Andes, where 
the climate is dry and many rivers end'^in salt 
lakes or swamps. The mountain streams make 
irrigation easy, and as this increases, much 
fertile land will bo brought under cultivation. 
In the north, Argentina includes much of the 
forested Gran Chaco, which supplies valuable 
timber. Patagonia, in the south, is steppe or 
shingly desert in the east, but becomes wooded 
towards the Andes The valleys are generally 
fertile under irrigation [147]. 

In the north of Argentina, the climate is 
tropical, and sugar, cotton, maize, tobacco, etc., 
are grown. In the pampas region, the climate 
becomes temperate. The seasons are warmer 
than m Canada, but in some respects the two 
countries may be compared In both a great 
river opens out the country from the east, 
forming an outlet foi the vast plains, where 
btock-raibing and the cultivation of cereals is 



important. In a few years Argentina will compete 
with Canada as one of the peat wheat lands of the 
world Maize is also largely grown. As in 
Canada, the advance of settlement leads to the 
introduction of mixed farming, and the growth of 
dairy industries. After Australia Argentina is 
the chief sheep-farming country in the world, 
but Argentina wool is i^erior to Australian. 

Buenos Aires, on the Plate Estuary, the largest 
city in South America, has grown enormoosly in 
the last twenty years. Its miles of docks, spacious 
streets, handsome buildings, and scores of porks, 
make it one of the most imposing cities of the 
New World. Other important towns of Eastern 
Argentina are La Plata, the capital of the fertile 
state of Buenos Aires, south of the Plate 
Estuary, and Bahia Blanca, its southern port. 
On the Parana are Rosario, the second city in the 
country, to which the wheat ships can penetrate, 
Santa Fe, in a rich agricultural r^ion, and Cor- 
rienates, in hotter zone, where subtropioal crops 
can be grown. 
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In Oentral Argentina the land rises gradually irrigated ; (3) the fertile valley of Central Chile : 
to the west, in parts of which irrigation is neces- and (4) tiie colder, wetter south, 
sary. The mineral wealth is considerable, but Northern Chile has rich deposits of nitrate of 
undeveloped. The chief towns are Cordoba, soda, but these occur at an elevation of 2,000 ft., 

San Luiz, %nd Santiago. in an absolutely desert region. All necessities 

Western Argentina is as yet thinly peopled, of life, including water, must be transported 

In the north Tucuman is the centre of a sugar at great expense, so that only the richest helds 

region. The cultivation of the vine is becoming are worked, and tliero is no permanent popula- 

important in the irrigated land at the base of tion. The nitrate ports are Iquique ana Anto- 

the Andes. Salta and Mendoza are the chief fagasta. From the latter a railway runs across 

towns of the vineyard districts. Stock-raising the Andes to Lake Titicaca. Copper is abundant, 

and mining ore the other occupations. At but difficult to work. The mines are often 

present the cost of transport to the sea is very in inaccessible regions of the Andes, and at an 

high, but this will diminish with the opening of elevation where the rarefied air makes exertion 

the trans-Andean line to Chile. fatiguing The chief copper port is Coquimbo. 

Railways can be cheaply built in most parts The fertile valley of Central Chile is the great 
of Argentina, owing to the flatness of the country, centre of agriculture and population. All Medi- 

They now connect all the principal towns, terranean fruits and cereals can be grown south 

The transoontinontaJ line from Buenos Aires of 30 dog. S. The vine is largely cultivated for 
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to Valparaiso, by Mendoza ail^ the Cumbre wines and raisins. In the centre of the valley 
Pass, is approaching completion, but a section is Santiago, the capital, with a fine view of the 
has still [1006] to be done by mule. snowy Andes. Its port, Valparaiso, destroyed 

The Falkland Islands. This group of two by an earthquake in 1906, the great outlet for 

large and many small islands forms a British the valley, 55 miles distant, is reached by a 

Crown Colonv. The rugged surface consists of railway 115 miles long, which has to climb 

moorland, which forms good sheep pasture. The the coastal range. Talca, Concepcion, and Val- 

ftrong Atlantic gales make the islands destitute divia are the other centres of the valley, where 

[>f trm. The only town is Port Stanley. manv small towns are growing up, each with its 

Chile. Chile (295,000 so. miles) occupies the distilleries to turn out the cheap spirit — aguardi- 

western slopes and valleys c» the Andes south of tiUe — ^which is the curse of Chile. Coal is mined. 

18 deg. S. Between 2,000 miles imd 3,000 miles Southern Chile is as yet thinly peopled. Both 

m len^, it is onb^ 100 miles wide, but com- the mainland and the islands are densely 

mnnioation across it is made difficult by the forested, but as the timber cannot compete 

msenoe of the coastal ran^, which extends as with that of Oregon or British Columbia, the 

far south as 40 deg. S. Ow^ to its neat length process of clearing will be slow'. Root crops 

Erom north to south, and its varied elevation, do well, and the island of Chiloe claims with 

!)3ii]e has a ^at range of climate. Peru to be the original home of the potato. 

entile consists Of (1) a rainless northern region. Most North European crops can be grown 

he Atacama Desert ; (2) a dry zone, fertile where except in the extreme south, which is too wet 
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for cereok to ripeiL Tke miawrot woakh k Tiasi froikier ; (2) a skm regkuii» menkbl^ 
probably considerable. Sene gold k worked, of Pern, wkb agrionkere and cattile^aiiing m 

Tbe part k Ponta Arenaa, on Magellan Strait. ^ ckief oooupatioiui ; and (d) the montaiia^ 

The idand ol Tierra del Fnego k purtly Chilean, or forest region, also resembling that of Peru. 

pa^j ArwntiBe. ■ On the coast the chief tow^ k die im^rtant 

Fei^ Peru (460,000 similes) is north ofChile port of Guaya({ail, at the mouth of t^ Guayaa 
on the western and eastern slopes oi the Andes. Valley. Guayaquil a railway climbs to 

It ooBskts of (1) a desert oocustal region, fertile the Andean region, where the usual climatic 

only where cros^ by rivers from the Andes ; and v^tation zones are distingukhed. These 

(2) the sierra, or Andean region cd mountains, are, as in Peru, many towns in lofty but 

vaUeys, and plateaux ; and (3) the montana, or cultivable basins surrounded by mountains, 

forested slopes of the Eastern Andes, sinking to Of these the most impmrtant k Quito, the capital, 

the plains of the Amazon. 9,000 ft. above the sea in a fertile valley b(nrdered 

Tne eoaatal desert k fertile where it can be by volcanic cones, 
irrigated* producing sugar, cotton, cereak, Colombia, Colombia (510,000 sq. miles) 
lucerne, vines, road fruits. Lima, the capital, is occuiueB the north-western angle cd South 

separate bv eight miles of desert from its port America. The Colombian Andes broaden out into 

CaUao. Tm line between diem k continued three chains exclusive of the coastal range, and 

over a pass 16,5^ ft. to Oroya, whence it k between these are the valleys of the Atrato, 

continued to Cerro de Pasco, the silver town in Cauca, Magdalena, and of affluents of the Orinoco 

the heart of the Andes. Arequipa, in Southern and Amazon. In addition to the Andean region, 

Peru, ffliely situated at the base ^ the volcano with the usual zones, Colombia thus includes , 

El Misti, is separated by 60 miles of desert from the valleys of these rivers, that of the Cauca- 

its port, Mollendo, the starting point of a line Magdalena being the chief artery of a country 
which climbs the Andes over a pass of 14,650 ft. where roads and railways hardly exkt. 
to Lake Titicaca, on the Bolivian Plateau, The usual rai^e of products k found in the 
12,500 ft. above the sea Andes, coffee being the most important. Large 

The sierra region k about 250 miles wide, herds of cattle are kept in the llanos of the lower 

and contains many fertile plains and warm, river valleys, and there k some mining. The 

fihehered valleys in which cereals and fruits can largest town is Bogota, situated in the midst of a 

be cultivated. The domesticated alpaca and lofty savana or juateau of considerable extent 

wild vicuffa supply fine wool The mineral wealth, (2,000 sq. miles). The ports on the Carib- 

esproially in silver, k very mat. In the lofty bean coast are Puerto Cmombia or Sabanilla, 

idains enclosed by stiU loftier mountains are and Cartagena. Barranquilla k the river prot 

many fineSy-situated towns, each surrounded of the Magdalena. Buenaventura k the only 

by a fertile dktrict. Puno, on Lake Titicaca, important place on the west coast, 

in the midst of a sihrer-mining remon, is the Conclunion. Such, briefly surveyed, is 
terminus of the line from Mollendo, which is our world. The year has brought its (^angeEv 

continued to Cuzco, 11,000 ft. above the sea, the startling or imperceptible. Ea^quakes have 
old capital of the Incas or native rulers of Peru. laid great cities m ruins, but they wdl rise anew 

The rich silver mines of Cerro de Pasco have from their ashes. A now tunnel pierces the 

already been mentioned. Alps, drawing north and south still a few miles 

The moNlana, or forest region, is drained by nearer, new railways have been surveyed in 

the tributaries of the Amazon Cacao, coffee, many lands, new fields have borne their first 

etc., are grown in the ravines. The forests pro- harvest, new millions have been added to the 

duce cinchona and rubber. future workers of the world. He who would be 

Bolivia. Bolivia (570,000 sq miles) continues abreast of events must daily, with newspaper 
the sierra and montana regions of Pisru. It and atlas, note ^ the changes, mat or small, 

consists of a lofty plateau in the west, and m which each daypjbrings. E^h of these is at once 

the east of the forests of the Eastern Andes and cause and effect, the product of the past, and the 

the forests and savanas of the Upper Madeira parent of the future. 

and PUcomayo basins. The next series of lessons in this course shows 

On the plateau mining k still important, thou^ how man uses some of the world’s varied products, 

the famous silver mines of Potosi are drotining. Many volumes would pot exhaust the subject, 

Cat^e are kept on the grasslands, and agriculture for man’s ingenuity is as unlimited as the bounty 

k important in the vall 63 rB. Cinchona and rubber of Nature. Each year’s figures show the vast 

are abundant in the forests of the Eastern Andes, increase in the wond’a wealth, measured by its 

The capital. La Phz, on Lake Titicaca, k producing and purchasing power, 

connected by a steamer service on the lake with Our last thought, like our first, can hardly be 
Ftmo, and hy the railways with the coast. It other than one df reverence for the |^mt phymcal 

has a large trade in qumkie and cacao, both laws which hold our world true in its course 

collected from the Eastern Aiufes. through lE^aoe, and (rive seed-time and harvest in 

Ecuador. Ecuador (120,000 sa. mifes) con- their season, and stm more for the imperious hnr 

skts of (1) a coastalregjkii whioh menideB the rkh within man himself, which urges humaiii^ oa- 

valley of the Quayas with its eaoao pUintations, wards towards ffarSk of whidb even the !i^;hea4 

but Wmifls dry and barren towam the Bbtu- races are but famtfy conaoienM. 

Poikkfll Ckoprmpi^ eonebidrd; friiawei if 
ChiiMwaaL Gaoamhm 
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register kept for the purpose. An index is 
attedsed m nhicli the numbers ol die outetead- 
ing receipts are shown under the heading of each 
client. On a deposit receipt being presented for 
payment, this register is consulted, the particulars 
agreed, ^ date of payment entered in the 
column provided, the interest calculated, any 
sum to be withdrawn paid, and a new receipt 
issued for the balance. Such a receipt is never re- 
issued, even although it has only b^n presented 
for the addition of interest due. Tbe receipts 
outstanding may periodically be transfmed in 
brief form to another register, a dietinguishing 
mark being put against the original entry and 
the receipt marked off, when paid, in the second 
register. 

Deposit R.ecelpto for Fiacod Periods, 

Ihe p^tioe cd banks limiting their operations 
to t^a oountiy is to ocmfine themselves to 
receiving deposits at call or at short notice ; but 
banks employing funds in the Cokmies, or 
in foreign countries, obtain a large amount of 
deposits for fixed periods — say, of six months, 
or one, two, or more years. This money (viuch 
may bo obtained through s^ial agents) bears 
a mgh and uniform rate of intefest. ]^terest 
is usuallv paid half-yearly, or at the termina- 
tion of the deposit, moome tax being deducted 
by the paying bank from all such interest, 
and accounted for by it to the Inland Revenue 
authorities. It is important in connection with 
the issue of all deposit receipts to fill in the 
year of issue in a sufficient number of forms 
at the beginning of a new year, to prevent the 
possibility of any loss occurring through a 
receipt being dat^ a year prior to the actual 
date of issue. 

Overdrafts and Ledger Loans. If 

a customer of a bank exhausts the baLanoe 
standing to his credit in bank books, he may, 
after ascertaining that the banker is agreeable 
4 to such a course, continue to draw cheques, the 
payment of which leaves him in debt to the bank, 
the amount due varying from day to day. He 
is thereu^^n said to have overdrawn his account. 

Instead of doing so, he may arrange with the 
banker for the loan of a certain sum a definite 
period (usually against security), the amount 
of which is transferred to his current account to 
be drawn against in the same manner as if the 
actual cash had been deposited. The period 
for which the loan is granted may vaiy greatly, 
but will hardly ever exceed a year, a long out- 
standing inoperative loan being the particular 
averrion of any good banker 

The expiry of a loan provides an excellent 
ojj^rtunity for revising the conditions under 
wnich it is granted, or even of arranging for its 
r^yment, to do which, in the case m a nuimng 
overdraft, m^t be takm to imply, unless great 
taet be exerowed, a want of cot&lenoe in the 
posHiaii of the client. 

Bill Dtocountlng, The discount of bills 
forms a iidrd method of Idmi, poseessing 
several distinct advaatafes. A bante omi, B 
the bffis in his earn hear good names, count npon 
meeivnig theh emoaiiti at matnrlly wmowt 
M. A BseridMsdi, in aeoepting a 1^^ 
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imdertakiiig to pay a npeoified sum on a certain 
day. He l^ws that he will be •called upon to 
do so, and that any failure to honour his own 
may mean his commercial ruin. He therefore 
ta^s good oare to provide for such Imbilities, 
although he may regard the repaymmt of a 
loan with his banker very differentlv and, should 
the latter request this, look upon his action as 
an unwarrant^ affront, transferring, if he finds 
it possible, his custom to another institution. 
The facihty of re^iisoount of bills with bill- 
brokers is largely exercised by certain hanks, 
who axe thereby easily enabled to raise what- 
ever sum they may at the moment require. Tii^ 
discount of bills on London enables provincial 
banks to provide themsrives with an ultimate 
means of repienishing their London accounts, 
while it must not be forgotten that banker's 
discount exceeds somewhat the true discount 
of any bill, and that in consequence ^e 
return to the banker is greater than appears at 
first sight. 

Cmlculatiim of Interest and Diooonnt, 

The banker's discount on a bill is readily 
arrived at, being simply the interest on tito 
full amount for the days it has still to run. 
The calculation of interest on fixed loans is 
equa% easy, but the reckoning of that on 
an overdrawn account is a more difficult 
matter. The balance at the end of a day's 
transactions (shillings and pence over lOs. 
being takem as £1) is multiplied by the number 
of ^ys for which it is current, and the 
result (wluch gives the dnyB for which £1 would 
require to be lent to earn an equivalent amount 
of interest) is entered In a column provided 
for the purpose. At each change of rate, or 
at each half-yearly balance, this ^umn is oast 
and the intemt calculated by means oi tables. 
In the case of deposit accounts (where the 
transactions are few), the interest on each 
balance current for any time being may be 
calculated separately 

The procedure detailed above cannot be 
adopted with deposit receipts bearing a varying 
rate of interest, for which another method is 
utilised. This is the valuation of the rate of 
interest due for each day in terms of a common 
basis of, say, 5 per cent.— « practice best 
explained by an actual instance. 

In the b^k kept for the purpose the figure 
of 9690*2 may appear against December 91st, 
1905. If the current rate k 2 per cent., the 
clrak will enter against January Ist, 1906, the 
figure 9690*6 (2 per cent, being *4 cf 5 per cent.), 
the interest on any receipt ioi^ed on Deoembw 
9lBt and paid on the foUbwing day beam equal 
to *4 of one day at 5 per cent. If on Aumcy 
let the rate k altered to yer cent., the figure 
9691*1 will be entered against January lad. 
A reoript dated 2iid Febntaiy, p r eaan t ed lor 
payment on July 90th, if the figures lor these 
daites are 3661*2 and 3720*1 reqpe c t i v^, beacs 
66*9 days’ mterest at 5 per cent. 

Ramittnnon Buntenna, A very con* 
riderable portaon of the banknr'h pcofils Is 
derived horn the oommasMonwIMi hecbansa 
lor the oolleetiiMi of doeumwiitiB m oHSeir 



towns, or for issuing, when requested, his draft 
on these places. The commission charged 
may vary greatly, and if the transactions 
between the two localities are limited, the 
means oT transit few, and a balancing trans- 
action hard to obtain, the charge made will 
be correspondingly high. An increase in the 
charge is in the nature of an insurance 
against the possibility of loss attending the 
banker’s efforts to find someone with whom he 
can arrange a transaction to reimburse him or 
his correspondent. 

Sometimes, however, the banker’s charges 
include an insurance against possible loss 
through failure on the part of his client. He 
may be asked by a client to accept bills drawn 
upon him on account of the latter, and if he 
is satisfied with the business and the security 
offered in connection with it, he will do so on 
his commission being paid. Similarly, ho may 
endorse bills for his customers, for a considera- 
tion. The object of his acceptance or endorse- 
ment is to allow of the bills being discounted 
or sold by the holders to the best advantage. 

It is a very common custom for the clients 
of a country bank or branch to make their 
bills payable at the office of the bank's London 
office or correspondent, in order to facilitate 
their discount. These will be retired by the 
London office on receipt of advice from the 
country banker, a certain charge being mode 
by the latter for the trouble given. A varying 
charge may be made either yearly or half-yearly 
on those current accounts which do not show 
a sufficient running balance to compensate the 
banker for the work attendant thereon. 

Securities and Periodical Paymente. 
The banker invariably undertakes the custody 
of any securities deposited with him by his 
clients free of charge, and will also attend to 
the collection (either with or without charge) 
of coupons attached to the relative bonds. 
Due care must be taken to register in diai^ 
form the dates on which these coupons fall 
due, in order that, some little time beforehand, 
they may be cut from the sheets and forwarded 
for coUection or sale, as the case may be. If 
the coupons are payable in a foreign country, 
they will bo sent to the London correspondent 
either for collection or sale (in the latter case 
the coupons being bought b^r some dealer in 
exchange as if mey were bills) ; but those 
payable in this country will be remitted for 
couection to the place of payment. Income 
tax on all coupons is deductM and paid by the 
banks to Government, forms provided by the 
Inland Revenue authorities bemg, in the event 
of the client wishing to reclaim the amount, 
co^leted, signed, a^ handed to him. 

The sale and purchase of securities may be 
attended to by the banker on behalf of 
ehents who have securities deposited ’qfith 
him, either for safe custody or in security of 
hMins. The business is a profitable one in 
eonseqaence of the return commission allowed 
by the stookbrdKer. 

The banker will also utidertake to see to the 
payment of club aubscriptaons, insurance pre- 
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miums, pensions and allowances, in accordance 
with instructions received from his clients. 
In this connection it is necessary to exercise 
great care lest any payment is made after the 
relative instructions have been cancelled. The 
card system can be advantageously used in 
connection with such payments. The particu- 
lars of the payment and of the authority are 
entered on the face of the card (the dates of the 
payments made being detailed on the back), 
and the cards sorted into a case or file in the 
order of payment. After the payment has been 
made, the card is replaced in accordance with 
the date of the next payment. The system 
provides at the same time a diary of future 
and a record of past payments, but requires 
the exercise of peat care, as the accidental 
misplacement or (bstruction of a card is attended 
with serious consequences. [See Business 
Management.] 

Opinions. The card system is widely 
adopted in connection with the record of 
opinions and reports on parties received, 
although a B3rstcm of indexed books may be 
used. The convenience of alphabetical arrange- 
ment is very great, but the defects which are 
referred to above always hold good. While 
receiving opinions from others the banker will 
he called upon to give many. In furnishing 
written reports, he will be careful to use the 
form provided, which states that the informa- 
tion given is without responsibility. Some 
banks make, in addition, a practice of supplying 
such information on unsigned memorandums. 
'Die usual form of inquiry asks if the individual 
is of good standing and respectability, and if 
ho may be considered good for a stated 
amount, either in the ordinary course of 
business, as a guarantor, or so forth, according 
to the nature of the transaction, llie banker 
in his reply will, as far as possible, coniine 
himself to stating whether or not, in his opinion, 
the name is go^ for the amount mentioned. 
He will not, except for a good reason, volun- 
teer any data, while a negative reply should be 
worded with special care, as, if it can be shown 
that his client’s credit has suffered thereby, 
be may be liable for damages. Whenever 
possible the opinion will be given verbally. 

Correspondence. The rule regardmg the 
wording of an unfavourable report applies with 
equal force to correspondence which deals with 
the refusal of business or similar transactions. 
The banker will refrain from explanation of the 
reasons for his decision, which, if unfavourable, 
should be simply conveyed in a polite expression 
of regret. In general, the banker will confine 
himself strictly to the subject-matter of corre- 
spondence, and leave any question of policy 
which does not affect his interests to the 
decision of his client. No gratuitous responsi- 
bility should be undertaken in the matter of 
giving advice, especially with regard to the bu3ring 
and selling of securities. If, however, the banker 
for any reason gives his opinion, he will invariably 
advise the adoption of me safest course. The 
foregoing apimes with equal force to verbal 
communications. 
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pnpchaser is eMbied to obtain an extemded 
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may such oxedit onoe kraed, except with the 
agsaeaBent of the pasty m whoae "kmax it k 
drawn. U, for a very particular eeaeon, the 
hoflakor does eanod aay such credit, a eafficttmt 
jodeanaky to eovw poBeihie damageB will he 
obtained. Travellers’ Letters of Omdit, whidi 


hear the eignatore of the mdividnail in whose 
favonr they are drawn, operate as an aothoiity 
to the oorrespondentB named therein to oash 
to the peieon designated his drafts can the 
iwaBing bank for the bvsq mendaned, the 
attonntB so paid heizig marked on the hack of 
die eredit tay the paying hank, if, however, the 
client deflireB it, he can obtain a aup^ of Olrcular 
Notes (practieally credits for £10 and similar 
amounts), winch will be cashed by the corre- 
spondents on his endoesiiiig them, provided he 
poodnoes a Letter of inahcaticm, giving his 
ngsxatnre, and oontahusig the names ci the 
paymg cormpondents 

The payme^ of dividendB, coupcniB, etc., 
may be ondertakien wkh or witho^ charge 
<die documents being, peihaps, Kfiecked off 
against tists fumidied by the company la 
question), the bank on oocasion deaJj^ with 
^ neoei^ of application money, ealls in con- 
neotioit with company promotions, and the 
retnni of any sums not accepted. The clerical 
labour involved in addressing envelopes, filling 
up forms, etc., in the case of a woe andf successful 
issue is very great indeed, but ^e work is more 
monotonous 'raan intricate. 
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baiffdng busmess is contrived with a view to 
die exchision of any element of speculation, a 
point that eceroises an kuportant effect on the 
seonrides wl^ will be acoepted in eover of a 
bankmg advanoe. The mure eas^ lealisable the 
sooufity is at all tunes, the fewer the responsi- 
bafides attached and the iess rkk there is of 
depreeiadoa, the greater the attraction it wfil 
have in die eyea of a bank. Bhare oertifioates, 
with a transfer form attached, either compkted 
in every Teapoet or hearing the (dgnatwe of 
the dharehelder, are Inr^sl^ taken; but, lor 
vnr ious r eueona, regktration of the fhares into 
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of msunnoe poia raB S (akhoug^ 
the janonnt of r 

and the faweat value of seoarsty thnp^tee i 
of great amoaat), are alao aeoeptaole, wlule 
dociimiaria of tide aeiatiiy to amrehmidise am 
hugely dealt with in ceitam localities. In iheae, 
kp w Bvar , the elcaueact of depreciation miy bo 
very great, and, in addaion, the hanker 
BBKut be thdrDn^^hly aasured of the gCMid faith 
of bos clieiit, so iaiegely n he dependwnt on the 
honesty of the latter’s declacationB as to the 
quality of the goods, and somedmes even ns to 
their qfoyMitity. 1^ banker will, in oonnection 
with such securities, aee that insnianee is taken 
out end renewed. l%e actual ownership of lan^ 
houses, and ships is not desirable as security, in 
oonsequenee of the muitifanous lialiilitieB and 
respcnisibiUties attached to these ; and amortgaga 
bo^, or Binaiiar document over the property in 
quBBtion will, instead, be made out, givnig the 
bank full power over t^ pri^ertybnt protMting 
it fipoas any trouble in Urn matter. Even in this 
form, however, the security is not looked ufion 
sdth great favour, owing to the poanbilily of an 
nlthnatie sale proving diSfeult. 

Pewaa&nt Sa curi ttnn. Hie simpl ei t lorm 
lor personal seeurity is that Of a prumisBory 
note signed by the debtor and the guarantor, 
ooupied with a letter stating that it k to be hM 
m security of a certain debt. Tbe obfeot of the 
letter is to oonnert the debt and the security, 
rmidering the grantors of the note only liable m 
the actual amount of the loan. Hie note, being 
made payable one day after date remaoM opera- 
tive for six years, when the speoial prescrqption 
appiymg to biUB terminates the obiigition. 

iGuaraBteeB f onn a mere formal and complex 
hum of personal aecuxily. Each bank will possess 
a stock of forms suited for its vaiymg bunneas, 
while the exact terms used by tbe different inati- 

choeen h^r^y particuiar ease mu^^ carefully 
perused to see that it covers all possible con- 
tingemaeB m the proposed tmsineBS. 

If a time limit is inserted, and tbe guarantee 
is not renewed, or if a guarantee is trammated 
by notioe being given by the guarantor, cpeim- 
tions on the aocounlB must be ito^ied and no 
payments in reduction oi the debt aUowcd, 
dionld it be deokfed not to raleaae the 
guarantor. Any sums paid into such aoeonata 
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responsibility for it ceases, and he is only liable 
for £200, and any interest on this sum not 
applied. 

Security Forme and BanKins Law. 

The priiSed forms kept in stock will usually 
cover all the commoner methods of business, 
those relative to any special transactions being 
prepared either b^ the legal department of 
the bank or by its solicitors, ^e wording 
adopted may be altered from time to time 
in consequence of some legal decision, or of 
some question arising in the ordinarv course of 
business. The documents may, according to indi- 
vidual practice, or the nature of the transaction, 
be either completed by the branch officials or 
by those at the Head Office. 

The law connected with the business of bank- 
ing comprises a fairly large section. 

The Bills of Exchange Act is at once the largest 
and most essential part of Banking Law, but 
the ordinary Ipgal knowledge (added to if possible) 
regarding trusts, agency, lien, securities, bank- 
ruptcy, debt, and common law should be 
possessed by the banker. It is not possible to 
deal with such a list here, and, indeed. Such 
knowledge, although very desirable, is not 
absolutely essential, the procedure to be 
adopted in any particular case being usually 
laid down in some manner for the guidance of 
officials. It is only necessary to emphasise the 
point that the student should make himself, as 
far as possible, acquainted with the intention of 
each point of law, and, if possible, the history 
which led to its enactment. 

In some institutions a book of regulations in 
which the duties of officials, the branch routine 
and returns, and the more essential points of 
banking law arc dealt with more or less fully, is 
supplied to each branch. From time to time circu- 
lars are issued, which, although mainly referring 
to rates, official appointments, etc., also deal 
with any important matter which may have 
arisen, and with the contents of these, together 
with the book referred to, each official is ex- 
pected to make himself familiar. 

Documentary Bills. Bills of Exchange 
are known as doctmerUary bills when documents 
of title to some security against which the bill 
is issued ore attached to the draft ; bills unac- 
companied by such papers being termed ** clean.” 
They almost invariably take the form of 
invoices, bills of lading, and insurance policies 
for a shipment of goods, although a large 
amount of scrip bills (drafts with share certih- 
cates and sign^ tranirfers attached) are drawn. 
Certificates of Origin, or Consular Certificates, 
may be included in the shipping documents, if 
neceesaiv, in consequence of the fiscal arrange- 
ments of the countiy exported to. On entering 
into such business, a kUer of hypothecation is 
signed by the client, allowing the banker to 
dw with the |oods relating to anpr bill as he 
may deem deeurable. In we ordmary course 


of business, however, the banker will consult 
the wishes of his client before taking any steps 
in this direction, only exercising his right in 
some emergency — say, the bankruptcy of his 
customer. In addition to examining the bill 
itself the documents require scrutiny. The 
invoice amount should cover the bill, and the 
packages referred to in it appear on the bill of 
lading ; while it is essential that the whole of 
the signed copies of the last, together with an 
insurance policy covering the amount in question, 
be received. The possession by an unscrupulous 
individual of a copy of the bill of lading may, 
through his obtaining delivery of the goods, 
deprive the banker of his security, while the same 
result will be arrived at through the loss of a 
shipment not covered by insurance. If the goods 
remain in the hands of the receiving banker for 
any length of time he will require to see that 
they are properly warehoused and covered by 
fire insurance from the date the marine insurance 
expires to the payment of the bill. 

Documentary bills ore either ‘DA” or 
“DP” drafts. In the former case the drawee 
obtains, on accepting the bill, the documents 
attached, but in the latter he must take up 
the draft under rebate (pay the bill amount 
less an allowance) if ho desires the documents 
in order to obtain the goods. As the rebate 
allowed is small, there is little object in 
rebating a “D/A,” or “clean” bill, if any 
other use can bo found for the money. 

Head Office Work. The work at the 
head office, which is distinct from the ordinary 
branch business, divides itself into several 
sections. Auditing the branch returns dealing 
with the book entries will occupy the attention 
of a large staff, whose duties in some respects 
are hardly agreeable. The comparison weekly 
of thousands of entries between, perhaps, a 
hundred or more branches, with the certain 
knowledge that to pass an error means the 
repetition of the monotonous task, is not a 
fascinating prospect. In this department the 
weekly statements combining the branch returns 
will be made up. The returns, apart from 
those just referred to, will probably be dealt with 
by what is usually termed the Inspection Depart- 
ment. In addition to the supervision and record 
of the loan business at the branches, the work in 
connection with the bank's staff and their move- 
ments will be undertaken here, while periodically 
one or more officials will be despatched from 
this department to some branch to check the 
cash and securities on hand, agree with the books 
the balances of the various accounts, test the 
accuracy of the bookkeeping in various ways, 
judge of the fitness of the branch staff and of the 
suitability of the branch premises, and look 
thoroughly into all sums lent by the branch. 
The stationery supply will call for the attention of 
oae or more officials, while the legal department 
has already been referred to. 


Continued 


4295 








ILBOnilOITV 


work in wood, and iron, and steel, and brass. 
This training they can acquire only by working. 
Otherwise they wnl not really know how engineer- 
ing work is executed. All mechanical engineers 
ou^t^aiso to know how engineering work is 
designed, and hot«r it is tes^; and for this 
purpose they need to be trained in the testing 
laboratory, where they learn about the strength 
of materials, and in the laboratory of applied 
mechanics, where they learn by systematic ex- 
periment the application of abstract rules to 
actual mechanism. Further, electrical engineers 
must leam in the electrical laboratory, by ex- 
perimenting with their own hands, the measure- 
ment of electrical quantities, the testing of the 
electrical properties of materials, and the 
performance of dectrical machinery. 

Which Kind of Training First ? 

The question most often asked by parents and 
guardians of the youth who wants to liecome 
an engineer is this : Should he go to the works 
before he attends the technical college, or should 
ho go to the technical college before ho enters 
the engineering works ? To this question there 
is no one answer ; the answer must depend 
on the temperament of the youth, and on the 
circumstances of the case. There are always 
plenty of exceptions to any rule. But for the 
boy of average abilities and ordinary circum- 
stances, the course which experience has shown 
to be best, in the opinion of those able to judge, 
has been very clearly laid down by unmis- 
takable authority. 

The Educational Report. In April, 
1906, there was issued a report by a committee 
of experts representing the Institutions of Civil, 
Mechanical and Electrical Ehigmecrs, presided 
over by Sir William White. After taking 
evidence of over 260 leading engineers and 
teachers of engineering they agree with very 
considerable unanimity in the following con- 
clusions : 

1. The average boy should leave school at 
about 17 years of age — much depends on 
individual development — but should not be 
under 16 nor over 18. 

2. If possible a preliminary stage of practical 
training in the mechanical engineering shops, of 
about one year, should precede college training. 
In some oases this introductory workshop 
course might be taken after the first year at 
college. 

3. From the first, duri:^ workshop training, 
the youths should ber paid regular wages, and 
keep regular working hours. 

4. Evening study might impose too severe a 
strain on health. Therefore, since it is most 
important that school studies, particularly 
mi^ematics, should not be too soon foigotten, 
the introductory workshop course should not 
exceed one year; but in exceptional oases 
where a practical training of three years or so 
preoedes a ocdlege course there m'ist be some 
systematic tuition, in evening classes or other- 
wise, to prevent studies from being forgotten. 

5. The period of college training for the 
average boy should be three years. Of the replies 


received, 73 per cent, say two or three years, 
while 71 per cent, say throe or four yearn. 

6. A sound and extensive knowledge of 
mathematics is necessary. This, of course, 
implies that the colleges should require the 
youths to pass an entrance examination to 
show that they have at least as much mathe- 
matical training as is required, say, in the 
Matriculation Examination of the London 
University. Engineers need training in trigo- 
nometry, solid geometry, differential and 
integral calculus. It may be noted that in 
Germany students are not even admitted to 
the Polytechnics who cannot begin the calculus. 

7. The committee recommend strongly effi- 
cient instruction in engineering drawing. 

8. After the college training, the youths 
should have at least three more years of practical 
training in the shops, part of this being in th<3 
drawing office, and the wages paid them after 
leaving college should be somewhat higher, 
especially in the later vears. 

No Premiums. ^Fhe report of the com- 
mittee gives no sanction to the pernicious 
practice of requiring premiums. Premiums are 
never paid in America or in Germany ; in 
England the survival of the premium system 
is a curse to the industry 

The committee is silent as to the proper 
organisation of the training in factories, where 
unfortunately the foremen are often violently 
prejudiced against teaching the young hands 
anything, and are not paid to teach them. 
This is a weak spot in the training of engineers. 

Other Plane. In Glasgow and Edin- 
burgh the plan is adopted of teaching the 
youths in the college during the six winter 
months, and of drafting them into the factories 
during the six summer month.s. In Sunderland 
the engineering employers have agreed to a 
similar plan ; but in most parts of England 
the employers do not fall in with this plan. 

For the training of engineering workmen, 
including electrical workmen, the old plan of 
apprenticeship still exists, lioys leaving school 
at 14 years of age and working in the factories 
with small wages until 20 or 21. For such 
youths, the training afforded in evening classes 
is of service ; but few can, without detriment 
to health, give more than two nights a week, 
and the training can, therefore, never be 
thorough. 

Posts as switchboard attendants in electric 
lighting stations do not afford much scope 
for real training. 

There is a small demand for specially trained 
electro-chemists ; and for all electricians a 
knowledge of elementary chemistry, such as 
may be acquired in the laboratory of any of 
the technical schools, is most useful. 

Degrees in engineering are a luxury. Few 
engineering firms attach the slightest import- 
ance to them ; the training at a first-rate 
technical school is esteemed far more than a 
university degree. For those who wimt to 
become teachers of engineering, university 
degrees are, however, of great value in seeking 
an appointment. 
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THE BEST BOOKS ON 

There will always be a niimber of earnest 
young engineers who have not the opportunity 
of taking out a college course. Also those who 
have b^n trained in a technical college will 
always want to know what are the best sources 
of information in the different branches of the 
subject. So wide a subject as electrical engin- 
eering cannot possibly be contained in any 
one - textbook. In fact, the young engineer 
cannot be expected to buy all the books to 
which ho should refer, and with which he should 

ELBCTBicAii Laboratory Work. “ Practical 
Electricity,” by Ayrton (Cassell, 7 b. 6d.); “Elec- 
trical Laboratory Notes and Forms,” by Fleming 
(“Electrician,” 7s. 6d.); “Handbook of Electric 
Testing,” by Kempe (Spon, IBs.); “Practical 
Measurement of Electrical Kosistance,” by Price 
(Clarendon Press, 14s.). 

Batteries. “ Primary Batteries, Their Construc- 
tion and Use,” by Cooper (“ Electrician,” 10s. 6d.). 

Accumulators. “ Secondary Batteries, Their 
Manufacture and Use,” by Wade (“ Electrician,” 
lOs. 6d.) ; “ Management of Accumulators,” by Sir 
D. Salomons (Whittaker, 5s.). 

Arc Lamps. “ Electric Lamps and Electric 
Lighting,” by Fleming (“Electrician,” 6 r.); “The 
Electric Arc,” by Mrs. Ayrton (“Electrician,” 
12s. 6d.); “Electric Lighting,” by Swinton (Lock- 
wood, Is. 6d.). 

Glow Lamps. “ Electric Lamps and Electric 
Lighting,” by Fleming (“Electrician,” 6s.); “The 
Incandescent Lamp and its Manufacture,” by Ram 
(“Electrician,” 7s. 6d,). 

Dynamos and Motors. “ Armature Windings,” 
by Parshall and Hobart (Blackwell, 30s.) ; “Dynamo- 
electric Machinery,” 2 vols., by S. P. Thompson 
(^on, 308. per vol.) ; “ Dynamo Design,” by Hobart 
(Whittaker, 7s. 6d.) ; “ Dynamo Attendants and 
their Dynamos,” by Broadbent (Rontell, Is. 6d.); 
“ Diseases of Electric Machinery,” by Schultz (Spoh, 
Ss. 6d.) ; “ The Dynamo,” by Hawkins and Wallis 
(Whittaker, 15s.); “Electric Generators,” by 
Parshall and Hobart (“Engineering,” Sis. 6d.); 
“ Original Paners on Dynamo Machinery,” by 
Hopkinson (Wnittaker, 5s.). 

S^UNETisM. “ Magnetic Induction in Iron and 
Other Metals,” by Ewing (“Electrician,” lOs. 6d.); 
“ The Electromagnet and Electromagnetic Mechan- 
ism,” by S. P. Thompson (Spon, I6s. )p. 

Wireless Telegraphy. Signalling Across Space 
Without Wires,” by Sir Oliver Lodge (“ Electrician,” 
5s.); “Electric Wave Telegraphy,” by Fleming 
(Longmans, 24s.). 

Electric House Wiring. “ Electric Wiring 
Tables,” by Maycock (Whittaker, 3s. 6d.) ; “ Electric 
Wiring,” by Clinton (J. Murray, Is. 0d.); “Electric 
Wiring and Fitting,” by Drysaale (R. J. Bush, 38.) ; 
“ Practical Electric Light Fitting,” by Allsop (Whit- 
taker, 5s.). 

Electro-chemistry. “ Elements of Electro- 
chemistry,” by Liipke (Grevel, 7s. 6d.); “Treatise 
on Electro-metallurgy,” by McMillan (Griflfin, 10s. 6d.); 
“ The Electric Furnace,” by Moissan (Arnold, 
10s. Od.); “Electric Furnaces and their Industrial 
Aimlication,” by Wright (McOraw, Now York, $3). 

General Electricity. “ The Electrician 
Primers,” 3 vols. (“Electrician,” vol. T, Ss. 6d. ; 
vol. 2, 68.; vol. 3, 4s. 6d.) ; “ The Electric Current,” 
by Walmsiey (Cassell, lOs. 6d.); “Elemental^ 
Lessons in Electricity and Magnetism,” by S. P. 
Thompson (Macmillan, 48. 6d.) ; “ Experimental 

Researches in Electricity,” 3 vols., by Faraday 
(Quaritoh, 488.). 


ELECTRICAL ENGINEERING 

be familiar. Books of reference, to be con- 
sulted in the public libraries or in the libraries 
of the technical institutes, are to be recommended 
rather than textbooks which protend to serve 
up the whole subject in one volume. For the 
sake of those who desire further guidance 
in such reading a list of standard works 
is here appended. It is confined to books 
in the English language, and therefore does 
not include some of the very best and most 
useful of treatises, which are printed in German. 

Photometry. “ Industrial Photometry,” by Palaz 
(Sampson Low, 128. 6d.) ; “ The Art of Illumination,” 
by Boll (Constable, 10s. 6d.). 

Tramway Motors and Traction. “ Modern 
Electric Railway Motors,” by Hanchett (Street Rail- 
way Publishing Co., New York, $2) ; “ Electric 

Traction,” by Rider (Whittaker, lOs. 6d.) ; “ Electric 
Street Railways,” by Houston and Kennelly (“ Elec- 
trical World,” New York, $1). 

Electric Railways. “ ISlectric Railways and 
Tramways,” by Dawson (“Engineering,” 42s.). 

Alternating Currents. “ Alternate Current 
Working,” by Hay (Biggs, 5 h.) ; “ Notes on Alternate 
Currents,” by Simmons (Cassell, Is.) ; “ Alternating 
Currents of Electricity,” by Still (Whittaker, 6s.) ; 
“ Alternating Currents of Electricity,” by Lamb 
(Arnold. lOs. 6d.). 

Transformers. “ Transformers for Single and 
Multiphase Currents,” by Kapp (Whittaker, 6 b.); 
“ The Alternate Current Transformer,” 2 vols., 
by Fleming (“Electrician,” 12s. 6d. j)er vol.). 

Polyphase Currents. “ Polyphase Electric Cur- 
rents,” by S. P. Thompson (Spon, 2l8.) ; “ Polyphase 
Currents,” by Still (Whittaker, Hs.). 

Central Electric Stations. “ Central Electric 
Stations,” by Wordingham (Oriliiii, 24s.); “Central 
Station Electricity Siiiiply,” by Gay and Yoaman 
(Whittaker, 10s. 6d.), 

Electroplating and Elkctrotypino, et(\ 
“ Electro-deposition of Metals,” by Langboin (Baird, 
Philadelphia, il^4 ) ; “ Electro- metallurgy Practically 
Treated,^’ by Watt (Lockwood, 48.). 

Elected’ Instruments, etc. “ Induction Coil 
in Practical Work,” by Wright (Macmillan, 4s.); 
“ The Potentiometer,” by Fislier (“ Electrician,” 
6s.) ; “ Electrical Influence Machines,” by J. Gray 
(Whittaker, 5 b.). 

Electric Bells. “ Electric Bell Construction,” by 
Allsop (Spon, 3s. 6d.). 

Electrical Theory. “ Absolute Measurements 
in Electricity and Magnetism,” by Gray (Macmillan. 
6s. 6d.); “Treatise on Electricity and Magnetism,” 
2 vols., by Maxwell (Clarendon Press, 328.) ; “ Recent 
Researches in Electricity and Magnetism,” by J. J. 
Thomson (Clarendon Press, 18s. 6d.) ; “ Elements of 
the Mathematical Theory of Electricity and Mag- 
netism,” by J. J. Thomson (Cambridge Press, 10s.), 
and “ Conductivity of Electricity through Gases,” 
by J. J. Thomson (Cambridge Press, 168.) ; “ Electro- 
magnetic Theory,” 2 vols., by Heaviside (“Elec- 
trician,” 128. 6d. per vol.); “Electric Waves,” by 
Hertz (Macmillan, lOs.); “Theoretical Elements of 
Electrical Engineering,” by Steinmetz (Whittaker, 
12s. 6d.); “The Electronic Theory of Electricity,” 
by Fleming (“Electrician,” Is. 6d.). 

Electric Transmission of Power. “ Electric 
Transmission of Energy,” by Kapp (Whittaker, 
lOs. 6d.); “Electric Power Transmission,” by Bell 
(Whittaker, ISs.). 

Electricity Meters. “ Electricity Meters.” by 
Solomon (Griffin, 168.); “Electricity Meters,” by 
Gherhardi (“Electrician,” Os.); “American Meter 
Practice,” by Reed (Spon, 8s. 6d.). 
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85. Tins POND, BY COROT (liOuvre, PariB) Mansell 


foliage. Like all Dutoh landnoape paintora, 
'Ru 3 ^dael and Hobbema excelled in the rendering 
of oloudy ekies, and the latter in the aubtle char> 
acterisation of varied foliage. Ouyp (a.d. 1606- 
1672) and Paul Potter (a.d. 1626-1654) remain 
unequalled to thia day as paintera of cattle, and 
muBt be mentioned here, becauae both of them, 
and particularly the former, conceived the 
animala as part and parcel of the landscape in 
'which they live and •which they help to complete. 

The Dutch Seascape Painters. Finally, 
there are the seascape painters, Van do Oapelfe, 
Simon de Vlieger, and Van de Velde, all of 
whom appear more interested in the nautical 
life of the invariably quiet waters than in the 
moods of the elements by which the modem 
painter of the sea is generally fascinated. The real 
subject of the early Dutch 
marine painters is thus not the 
sea, but the varied forms of 
shipping — ^fishing fleets, sea- 
flghts, the embarking or land- 
ing of an army, sailing craft of 
every dei^nption — in short, 
the life of the sea. The French- 
man Joseph Vernet (a.d. 1714- 
1789), though, on the whole, 
still adhering to the idealistic 
and olassioist tradition, was 
attracted by the stormy, tur- 
bulent aspect of the sea, but 
there is no terror and passion 
in his storms. The discovery 
of the moods of Nature was 
left to the more nervous 
modern temperaments. 

Watteau. Before we 
turn to England we must 
mention Watteau, who, in 
his perfect balance of figures 
fnd landscape, in his render- 
ing of soft atmospheric effects, 
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came very near the modem 
spirit. The curious point about 
his art is that he gave a con- 
vincing air of reality to y'ene^ 
which only had existence in his 
own imagination. 

Richard Wilson. Land- 
scape painting in England, in 
the early part of the eighteenth 
century, followed two direc- 
tions, one of which aimed at 
dry, toiiographie correctness, 
and is best represented by 
Samuel Scott, a talented imi- 
tator of Canaletto, the other 
at Italianised classicism. Of 
this direction, Richard Wilson 
(A.D. 1713-1782) is the chief 
disciple. At his best Wilson is 
a worthy rival of Claudt^ 
Lorrain, whose intentions and 
ideals ho had made his own 
Thomas Gainsborough is a 
kind of halfway house be- 
tween the old style and the 
new vision which was to be 
introduced by Const able. His colouring, based on 
a pleasing scheme of brown, grey, and gold, is 
still arbitrary and conventional, but his scenes 
are no longer composed according to established 
rules. His are in more intimate communion with 
Nature ; he is attracted by the peaceful charm of 
the English countr 3 ^ide, which needs no classic 
ruins for its appeal. At the same time his land- 
scapes have still a trace of the artificiality of 
the period, and lack that fragrance of the soil 
which breathes from Constable’s canvases. 

The Norwich School. An important 
school flourished towards the end of the eighteenth 
century at Norwich under the leadership of John 
Crome, , lietter known as “Old Cromo ** (a.d. 
1769-1821), who has, not without good reason, 
been called the English Ruysdael. He and his 



86. RMBABKATIOy 07 THE QUEEN 07 SHEBA, BY CLAUDE LOEBAtN 
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followers, smoiig wliom 
Ladferoke, Stark, aod Vm- 
oent are the most im- 
portant, show stpotig 
kinahig with the Dutch 
landseape sohooL The 
same influence can be 
noticed in the seascapes of 
John Cotman, another 
prominmit member of the 
Norwich school. All these 
painters went to Nature 
for their subjects, but to 
the dd masters for their 
odouring. It was the mis- 
sion of John Constable 
(A.D. 1770-1837) to dis- 
cover the juicy green of 
meadow and wood, the 
movement of the foliage 
in the gentle breeze, and 
the groaning of the heavy 
bough in the storm. With 
him the tree ceaaed to b(^ 
mere form — ^he covertKi 



87. THE HAVWAIN, BY JOHN CONSTABLE Vaau'l 

(NatiOTml Oullei \ , London) 


the stem with trembling 
and sparkling foliage ; and the sky was no longer 
a mere grey bacl^ound, but a done of atmo- 
sphere spanned over flolds and gardens and 
v'oods. Constable's instinct for balancing the 
masses of light and shade, and the '*fall ” and 


down in the little village of llarbi/on, in the 
Forest of Fontainebleau, in order to live in 
close communion with Nature, and to prove to 
the world that m landscafie the pioturosqueness 
of the subject counts for nothing, that a land- 


empty " spaces, was such that he could set scape need be neither elassicaJ, nor heroic, nor 

aside all the hard and fast rules of academic romantic, as long as the artist can grasp the 


composition. His ardent love of Nature and spirit and the pix^try of Nature, and express m 

of the English countryside is expressed in all paint the emotions aroused m him by its contem- 

his work [67]. French artists aim critics im- plation Truth is Ixmuty, and beauty is 
mediately recognised that he had opened a truth ** was the watchword of this group, whose 
new page in the book of art, and hailed in him leader was Theodore Rousseau (a i> 1812-1867), 
a master worthy of emulation. Troyon, Dupre, Jacque, Daubigny, and Diaz 

Tbe Barbizon School. Perhaps it was being among the othei prominent mcmliers ; 

Constable's love of Nature, simple, and devoid wtiile (k>rot and Millet art' so closely afflUatiHl 
of all artificiality, that, about 1630, induced a to the Barbizon school that they are generally 
group of French artists to declare war upon the counted as belonging to it Corot strikes the 

generally prevailing classicism, and to settle most lyrical note ot all painttirs. He is the poi^t 

of the twilight, dreamy 
and musical, and more 
occupied with the essence 
and fragrance of Nature 
than with solid matter 
[ 85 J. Roussc'au is far more 
impersonal, a searching 
student of form and 
structure, while Diaz 
connects the Barbizon 
men with the Roman- 
t i c 1 B 1 8 . Troyon and 
Jacque are noted for 
their magnificent paint- 
ing of cattle and sheep, 
and Millet is the painter 
of the life of the fields, 
the oeaselesB toil of the 
peasant in his grim 
struggle with the soil 
that is to yield him the 
sustenance of life. [See 
“The Sower” and “The 



88 . DIDO BUILDING CARTHAGE, BY J. M W. TURNER ^Natlaiu! Gallery, London) Gleaners’* on page 342.] 
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He is a notable instance of that new beauty (as 
opposed to the classic beauty) that is to be found 
in passionate truthfulness to Nature — the beauty 
of character expressed by synthetic simplification. 

Turner and the Sun. Just as the aims 
of the Barbizon men had been foreshadowed by 
Constable» so Turner discovered and turned to 
account the theories that were to be systematised 
subsequently by the French Impressionists. In 
his early work he favoured the heroic land- 
scape ; but, in his power of rendering sunlight, 
he IS already at this early period 'immeasurably 
ahead of Claude Lorrain, his artistic progenitor, 
as may le gathered from a comparison of 
Tumor’^s “ Dido Building Carthage ** [88] and 
Claude’s “ Embarkation of the Queen of Sheba ” 
[86], which are hung side by side at the National 
Gallery. But if Turner 
recognised the actual 
appearance of objects 
bathed in light and 
atmosphere, the soften- 
ing of the outlines, the 
vibration of the light, he 
did not apply his know- 
ledge to the service of 
realism, of landscape 
“portraiture,” as prac- 
tised lat<^r by Claude 
Monet. He was an 
exalted idealist, a vis- 
ionary, who knew how to 
clothe the glorious in- 
ventions of his imagi- 
nation in real golden 
sunlight. Characteristic 
of hiB attitude is the 
answer he gave to one 
who remarked that he 
had never seen such 
colours in Nature as 
appeared in one of his 
own pictures : “ Don’t 

you wish you could see 
them ? ” The turning 
point in the master’s 
art was his visit to Italy, 
and particularly to 
Venice. The wonderful 
atmospheric effects of the lagoon city loft an 
indelible impression on his mind, mneeforth 
the actual view, the objects of the landscape, 
became quite secondary. The transparency 
and vibration of the atmosphere, tiie glory 
of sunlight, became the real motif of his 
pictures. 

What Impreaaioniam la. What Turner 
had achieved, as it wore, instinctively, through 
sheer force of his genius — that is, the analysis 
of light — was put into what might be called a 
scientific theory by the French Impressionists, 
who, in tr 3 dng to render in paint the full glitter 
and brilliancy of open-air sunlight, turned to 
account the results of the scientific research of 
Helmholtz and Chevreul and the revelations of 
spectral analysis. The full explanation of the 
theory of the decomposition of light into its 


constituents of coloured rays belongs to the 
sphere of optics. Here it is sufficient to explain 
that the technical reform of Impressionism — for 
the term embraces other reforms as well — con- 
sists of the employment of the primary 9 olour 8 
only, which arc used in alternate touches and 
in the right quantities, so that at a certain 
distance they blend and produce the desired 
effects. Thus, it is well known that green 
consists of a mixture of blue and yellow. If, 
instead of being mixed on the palette, these 
colours are applied in alternate touches, the 
effect upon the eye will be a green tone, but 
a green of far more vibration and greater 
luminosity than mere green paint. The Im- 
pressionist theory has frequently been carried 
to absurd extremes ; but, in the hands of 
a master like Claude 
Monet, has yielded 
results that could not 
have been achieved by 
any other method. Of 
him it may truly be 
said that light is the 
one and only subject 
of his pictures, and 
nobody has over come 
nearer to perfect truth 
in depicting the glitter 
and sparkle of sun- 
hght. 

Japanese In- 
fluences. To-day 
every country can boast 
of a large number of 
landscape painters 
whose work will live 
through the ages, but 
nothing new has been 
added to the history 
of the development of 
landscape art since the 
advent of Impres- 
sionism. Perhaps the 
next move will be in the 
direction of a more com- 
plete acceptance of the 
Japanese ideal, which 
has already exercised a 
certain amount of influence, notably on the work of 
Wliistler [89]. This Japanese ideal is the realisa- 
tion by art of the universal soul or spirit which 
underlies the non-permanent, temporary, and 
therefore unreal forms of matter. The end is 
achieved by a very brood but exquisitely beautiful 
and decorative generalisation, which wcards all 
that is not really essential to convey the idea 
intended by the • artist. The attitude of the 
Japanese artist is pretty nearly reflected by 
Whistler’s reply in a famous law case, when he 
was asked whether a picture of his pr^uced in 
Court was a correct representation of Battersea 
Bridge — “ I did not intend it to be a correct 
portrait of the bridge ; as to what the picture 
represents, that depends upon who looks at it. 
To some persons it may represent all that was 
intended. To others it may represent nothing.” 



89. BATTERSEA BRIDGE, BY WHISTIJER 
(National Qaller> of British Art, London) 


C&ntinued 
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PROCESSES IN RECOVERING METALS «etais 


Lead Smeltinsf and Cupellation. Methods of Recovering^ 
• Silver. Refining: Gold. Platinum, Nickel, and other Metals 


Coutlinied from 
mge 41*27 


By A. H. HIORNS 


Lead. Lead has been known from remote 
antiquity, and its use in purifying gold and 
silver by the process of cupellation is perhaps 
the oldest metallurgical operation on record. 
Lead has a bluish-grey colour, and considerable 
lustre when freshly cut, but this soon diminishes 
by superficial oxidation. It is very soft, and 
can easily be cut with a knife and readily marks 
pajHT. It is very malleable and ductile, but 
possesses very low tenacity. It emits a dull sound 
when struck, but the presence of impurities 
tends to make it more sonorous. Load is readily 
deposited in the form of crystals from a solution 
of load acetate by means of zinc, or by electricity. 
Its specific gravity is 11 •37. It begins to fuse 
at 325° C., but is completely liquid at 335° C. It 
is a poor conductor of electricity and heat. It 
is without taste, and emits a certain odour when 
freshly cut. Lead exhibits in a marked degree the 
property of flowing when in a viscous state, 
and advantage is taken of this in the making of 
lead pipes by forcing the lead through cylinders 
by means of hydraulic pressure, term^ Hqtmting. 
Composition piping contains tin or antimony to 
harden it. 

Lead unites in different proportions with 
oxygen, of which litharge (PbO) and red lead 
(Pb 304 ) are the most important. The sulphide 
of lead (PbS) is also of great metallurgical 
importance. 

Lead Smelting. The chief ores of lead 
are golem (Pb8) and cerusite (PbCOj). These 
ores, especially galena, generally contain silver. 
The smelting of galena in England and Wales is 
conducted in reverberatory furnaces. The ore 
is partially roasted, and then the oxide and 
sulphide are allowed to react on each other, 
forming metallic lead. The blast furnace [26] 
is also used for more complex and refractory 
ores. In this case it is customary to obtain 
lead containing silver, regulus often containing 
copper, and slags. 

^e lead obtained as above often requires 
refining. This is done in a reverberatory furnace 
by exposing the metal to the action of the air, 
which oxidwes the impurities, and these form a 
dross with some lead oxide, which floats on top 
of the molten metal. From 30 to 150 tons are 
refined in one operation. When the lead contains 
silyer it is specially treated for that metal by the 
Patt<ns(m process. This consists of melting the 
argentiferous lead, allowing it to cool slowly, 
stirring the '^hile, when the lead separates out m 
the form of crystds at its freezing pmrt, leaving 
by far the greater portion of the silver in the 
hqnid portion. Thus, lead oemtaining 3 oz. of 
diver to the ton may be conoentri^ed up to 
300 oz. per ton, which is the pnMstical limit. 
The process is exacted in a series of nine to 


fifteen cast-iron pots, each holding eight to 
fifteen tons. A modification of this method 
was introduced by Parkos, who added zinc to 
the argentiferous lead. Tlie zinc separates out 
on cooling, and carries with it the silver and 
some lead. These zinc crusts are then submitted 
to liquation, by which moans the load runs oif, 
carrying with it the silver. 

Cupellation. The processes mentioned, 
therefore, are only concentration processes, 
and the silver must bo separated by cupel- 
lation. An English cupellation furnace is a 
reverberatory furnace with a bod formed of bone 
ash. When the lead is melted in the oxidising 
atmoBj^ore of the furnace the base metals are 
oxidis^, while the silver remains unoxidised, 
and is thus free from all other ingredients, except 
gold, if that metal be present. Bone ash also has 
the power of absorbing molten oxides, but not 
molten silver. 

In the German cupellation method the re- 
verberatory furnace is lined with marl, which 
is a carbonate of lime and magnesia and clay. 
The air is supplied by means of a pair of inclined 
twyers fixed in one side of the l)od, and the 
molten oxide of lead flows off through an opening 
opposite the twyers. This only purifies the silver 
up to about 95 per cent., so that it is necessary to 
complete the refining on a bed of bone ash. 

Silver. The properties that make silver so 
valuable are its pure white colour, its softness, 
sonorousness, extreme malleability, ductility, 
tenacity, and toughness. It exceeds all other 
metals in its conductivity for electricity. It 
melts at 960° C., and has a specific gravity of 
10*53, It does not oxidise in air, although it 
mechanically alisorbs oxygon when nu'ited, and 
gives it out again on cooling. It readily unites 
with sulphur, forming a blue crystalline sulphide. 
With chlorine, bromine, and iodine it unites, 
forming important compounds. It is soluble in 
nitric and sulphuric acids. 

The ores of silver are of two kinds — the silver 
ores proper, and silver in ores of base metals. 
iSilver occurs as sulphide, chloride, bromide, and 
iodide, and in various mixed sulphides as well as 
in the metallic state. 

The methods of extraction are(l) by means of 
mercury (amalgamation processes) ; (2) by 

means of lead (smelting processes) ; (3) by 
various wet methods. 

Amalgamation. The amalgamation pro- 
cess was formerly carried on in the cold in 
heaps and pits, as it is at the present time 
in Mexico. The ore is first converted into 
chloride by means of a copper salt and 
common sidt, then decomposed by mercury, 
with which it unites to form an amalgam. 
The mercury is afterwards driven off by heat, 
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leaving the silver pure. The amalgamation 
methc^ is now oonihicted by means of stamp 
batteries and amalgamating iron pans. The ore 
is crushed by stamps, water being admitted. The 
ore mud is transferred to settling pits, and then 
carried to the amalgamating pans. The pans are 
of various types, and consist of an iron box about 
4 ft. in diameter and 2 ft. high [80]. A central ^ 
cone supports a revolving shaft with arms, 
from which are suspended grinding mullers, . 
which press the ore to a pulp. Mercury is 
then added, and the rotation continued tintil 
the silver is amalgamated. The amalgam is 
then removed, washed, dried, strained, and 
the mercury distilled off in retorts. 

In ores containing much base metal MBBTITIT 
a preliminary roasting in a furnace J 

is necessary, with the addition of 
common salt to form silver chloride. * |tH|| I j 

In this case the ore is dry crushed, |[j j 

and larger pans are used for araal- ' 

Lead Methods of Recover- 
Ing Silver, l--ead methods are based on 
the reducing action of lead on gold and 
silver, with the solution of these metals in 
metallic lead. As complex ores are treated 
in this way, the products are also complex. ^ 
The principal metals obtained are gold, 
silver, copper, and lead. The ore is first “ 
roasted in a reverberatory furnace to 
remove sulphur, arsenic, and other volatile ^ 
substances, and then smelted in a blast 
furnace [26]. The charge consists of roasted 
ores, pyritic ores, various residues, and slags. 
The products may bo lead (containing gold 
and silver), regulus (containing lead, copper, 
iron and sulphur) and slag. The lost is either 
used again if it contain sufficient metal, or, if 
not, it is thrown away. The fume from the 
furnace is also condensed for the recovery of lead. 


form silver sulphate, which is soluble in water. 
The roasted mass is removed, cooled and 
lixiviated with water, and the silver precipitated 
by copper. If sufficient sulphur be not present, 
then pyrites aie added. If the temperatur9.be too 
low, then the sulphate is only partially formed * 
if too high, the silver sulphate is decomposed 
^ again to metallic silver. The success of the 
process depends on the proper temperature 
^ of roasting. 

I The Von Patera Process. The 

I Von Patera method is used for chloride ores, 
I which are roasted with salt, and lixiviated 
\ with sodium thio-sulphate. The silver is 

I precipitated by sodium sulphide, 

il I llljjljyilri^ silver sulphide decom- 

I I IlfBff posed by heat. This method has 
nllK^ received extended application by 

I 11 iIImI double thio-sulphates, 

i Ji! SHui Bussell i)rocess. In 

the Von Patera process, any lead 
sulphate that is present 
• dissolves in the thio-sul- 
phate solution, and is pro- 
cipitated, along with the 

? ! ^ ” - silver, as sulphide In the 

^ Russell process the lead is 
precipitated by means of 
^ L-j sodium carbonate. More- 

ls over, it was found that by 
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copper, a more energetic 
decomposing and dissolving action on metallic 
silver, silver sulphide, and the combinations of 
silver with arsenic and antimony took place. 
Hence, if the roasted ore is first treated with 
sodium thiosulphate to dissolve the silver 
chloride, and the residues subsequently treated 
with copper thio-sulphate solution, much more 
silver is extracted than by the older (Von Patera) 


The lead containing gold and silver is first sub- 
mitted to the Pattinson process for concentration 
of silver, and afterwards cupelled for the recovery 
of gold and silver. The regulus is roasted, and 
added to another charge in the blast furnace to 
remove its contained silver and gold. The second 
regulus may l)e treated for copper. The gold and 
silver are separated by the parting process 
subsequently described. 

Wet methods of extracting silver are based on 
the principle of converting compounds of silver 
into a soluble form, and then precipitating the 
silver by means of a base metal or a compound. 
The three principal methods employed arc 
Augustin’s, Ziervogel’s, and Von Patera's. 

The Augustin Process. The Augustin 
process is used for argentiferous regulus and 
residues, which are first roasted in air to remove 
sulphur, then with common salt, to form chloride. 
The next stage consists of lixiviating the roasted 
ore in wooden vats with a strong, hot solution of 
common salt, which dissolves the silver chloride. 
The solution is run off and the silver precipitated 
by means of copper. 

The Zierrogel Proceee« The Ziervogel 
process consists of roasting sulphur compounds 
containing silver at a mediate temperature to 


method. 

Gold. Cold has a yellow colour, its lustre 
is proverbial, and it exceeds all other metals in 
malleability and ductility. Its tenacity is 
moderately high, but is diminished 1 y the 
presence of lead, tin, antimony, and some other 
metals, while copper and silver increases it. Its 
specific gravity is 19 '32, and its melting point 
1060° C. Its conductivity stands next to that of 
silver and copper. It is not acted upon by the 
atmosphere, by hydrochloric, sulphuric, or nitric 
acids, or by sulphur compounds. It is soluble in 
chlorine, aqua-regia, and potassium cyanide. 

It occurs in nature in the metallic state in 
quartz and p3nrites, and is frequently found in 
lead, copper, silver, and other ores, in small 
quantities. It occurs in sands, in nuggets, and 
alloyed with platinum, silver, mercury, and cer- 
tain rare metals. In alluvial deposits it is 
separated by processes which consist of removing 
lifter mattere by running water, while gold, in 
virtue of its high specific gravity, is deposited. 

Gold quartz is very hard and compact, and 
contains the gold in veins. The ore is first 
crushed by rock breakers, and then reduced to a 
fine powder by the stamp battery, the mortar of 
which is lined with amalgamate copper plates 
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for taking up the gold. The residual matter is 
often treated in amalgamating pans. A stamp 
battery generally consists of five stamps working 
in one mortar, which is made of an iron casting 
about fi^ feet long. The feed opening is on one 
side, and on the other is a fine screen of wire 
cloth through which the discharge takes place. 
The drop of the stamp varies from 4 to 18 in., 
with about 100 blows per minute. In front of 
the screen are inclined tables covered with 
amalgamated plates to catch the gold which has 
not been collected on the plates inside the mortar. 
The material escaping these plates is concentrated 
by some kind of shaking machine which separates 
the lighter from the heavier particles which 
contain some gold. These concentrates aie 
amalgamated in iron grinding pans. The gold 
amalgam is retorted to volatise the mercury and 
retain the gold. 

The Chlorine Process. The chlorine 
process of extracting gold consists of (1 ) roasting 
the ore to remove sulphur and base metals ; (2) 
moistening with water and passing a current of 
chlorine through it in a wooden vat, having a 
perforated bottom, which acts as a filter, and 
through which the gold solution percolates ; (II) 
running off the solution and precipitating the 
■gold by iron sulphate or other suitable reagent. 
Ores and residues are usually concentrated before 
being submitted to the chlorination process. 
Compressed chlorine is also used and is very 
effective, but more expensive. The operation is 
conducted in revolving barrels lined with lead. 

The cyanide process of extracting gold was 
introduced by McArthur and Forrest, in 1887. 
The ore is first crushed in rock breakers, then in 
rolls or stamp batteries, then placed in vats to 
which a 1 per cent solution of potassium 
('yauide is added, which dissolves the free gold 
The solution is then removed, and the gold 
precipitated by means of zinc. 

Gold is extracted by smelting processes from 
rich copper reguliis. The method is the same as 
explained for extracting copper by the Welsh 
method. The regulus is partially roasted, and 
then the oxide and sulphide react on each other, 
reducing the cop}H»r and gold, forming an alloy. 
The copper is deposited by the electrolytic 
method, when the gold is left, and is afterwaids 
melted with lead and separated by cupellation. 

Refining and Parting of Gold. 
Impure gold is melted in crucibles, and the 
impurities, if small, may be fluxed off with 
carbonate of soda and nitre. If much impurity 
be present, the gold is first refined by adding nitr«» 
and borax, a little at a time, and skimming off 
the slag at the completion. If lead be present, 
sal-ammoniac and nitre are used. If antimony 
and arsenic be present, adding nitre and stirring 
w-ith an iron r^ will remove them. Gold may 
be also refined by passing through the molten 
metal a current of chlorine, which attacks the 
base metals and silver, forming chlorides. Whem 
much impurity is present, the operation known 
as parting is adopted. This is usually done, on 
the large scale, with sulphuric acid, and in assay- 
ing, with nitric acid. It is first necessary to 
alloy the impure gold with about three times its 
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own weight of silver, granulate and boil in 
white cast-iron pots with bulphurie acid, which 
dissolves all metals except gold. In the nitric 
acid method of parting, glass vessels are used. 

Platinum. Platinum is a white metal, 
highly malleable and ductile, soft, and can bo 
easily -welded, very tenacious, and htis nearly 
the highest sj)ecific gravity of all kinds of matter. 
Its specific gravity is 21*5. It resists the action 
of the atmosphere and most acids, and has an 
extremely high melting point. It occurs in 
nature, like gold, in the metallic state, in grains, 
nuggets, and various alloys. It is extracted 
from its ores by both dry and wot methods. 

In the wet method, gold and silver are 
Keparat€»d by amalgamation, the residue is 
digested with boiling nitric ac‘id, then with aqua- 
regia to form platinum chloride. The solution 
is evaporated, redissolved in water, and mixed 
•with alcohol and ammonium chloride, when the 
double chloride of platinum and ammonium is 
precipitated. This is reduced to metallic plati- 
num in a plumbago crucible. 

In the dry method the ore is smelted in a 
reverberatory furnace with lead ores, thus 
forming an alloy with lead and jilatinum, which 
is afitTwards cupelled. The product is thim 
molted on the lim(‘ h(*arth of an oxyhydrogem 
f irnace. 

Nickel. Nickel is a brilliant while metal, 
malleable, ductil(‘, and weldabh*. Its melting 
point is about 1,500 (\, therefore below that 
of iron. It is a magnetic metal and one of the 
hardest, hence its value as a coating for softer 
metals. Its spt^oifie gravity is 8 8. It readily 
unites with oxygen when heated, but is not 
readily oxidisable at ordinary temporatun'S, 
and resists the action of Hea-wat(*r better than 
most metals. It is soluble in hydrochloric, 
nitric, and sulphuric acids. Nickel, like iron, 
readily unites with carbon and silicon when fused 
with them. When carbonic oxide is passed over 
nickel at 80” 0., or less, a volatile nickel carbonyl 
is formed which may be decomposed at a higluT 
temjxTaturo yielding the nickel. The ores of 
nickel are (‘hietty sulphides and silicates. 

Nickel Extraction. The methods of 
extraction arc several, and include (1) con- 
centration by roasting to form regulus or speise ; 
(2) the conversion of th(5 above into oxide by 
wet or dry methods ; (3) the reduction of nickel 
oxide by carbon. As cobalt is frequently present , 
it may be practically separated by the superior 
affinity of nickel for sulphur or arsenic and the 
greater tendency for i-obalt to pass into a silicate 
slag. 

By the wet method the arsenide and sulphide 
ores are first roastt*d, and the other elements 
are separated from nickel by converting the iron 
into a basic arseniate, the copper into a sulphide, 
and the cobalt is prc'cipitated with bleaching 
jxiwder. After filttTing, the nickel is precipi- 
tated as oxide with lime. Tliis oxide is then 
reduced with carbon. 

The silicate ores of nickel arc made into a paste 
with calcium sulphate or alkali waste, pressed 
into bricks and smelted in a small blast fur- 
nace. Tlie product is a matte (sulphide). This 
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is roasted, tused twiee with sand to remove iron 
and to coneentrate the nickel. The nickel sulpliide 
is then roasted to oxide, and the oxide is mad»» into 
a paste with carbonaceous materials and rediK'cd 
to the metallic state in iron pots in a rover- 
lieratory furnace. 

In ('anada, pyritic ores are found containing 
about equal amounts of nickel and copper. 
The ore is first roasted in heaps and then smelted 
with coke in a water-jacket^ blast furnace to 
produce a rich copiK‘r-nickol matte. This is 
re-melted and blown in a Bessemer convcTter 
to remove sulphur and iron, the latter eompletelv 
and tlu* formin' only partially, leaving a riet 
matte of copper and nickel. This is then roasted 
and reduced in the usual way to form a copf^er- 
nickel alloy. 

Mond*8 Carbonyl Process. Dr. Mond 
found that when carbonic oxide is pasbcd over 
recently-reduced nickel at a temperature Mow 
l.W 0., a compound (NiCCO]^ ) termed nickel 
carbonyl is obtained. A method is thus available 
tor the separation of nickel from its associated 
metals. An oxidised ore or roasted pyrites is 
heated to 400” CX in water gas, which I'cnhices 
the nickel to the metallic state. The nickel is 
then allowed to fall over shelves in a cylinder, 
kept at 80” V. or less, through which a current 
of carbonic oxide is ascending, thus forming 
nickel carbonyl. This is conveyi'd to a series of 
tubes and heated to 180” C., whereby the car- 
bonyl is decomposed and nearly pure nickel is 
deposited on the walls of the tube. 

Nickel, when reduced from its oxide, is always 
wanting in malleability and ductility. It is 
rendered malleable by adding to it when melted 
a small portion of magnesium or manganese. 
Nickel cast into slabs is largely uscfl as anodes 
in nickel-plating, but wrought plates are better, 
iM'ing less soluble and more uniform in structure. 

Cobalt. ( 'obalt is a metal of a steel-grey 
colour, with a reddish cast, and very similar to 
nickel in many of its properties, but of greater 
rarity and higher cost. It is used in alloys and 
for electroplating. 

Aluminium. Aluminium is a wdiite, some- 
what soft metal, of considerable lustre, highly 
malleable and ductile, a good conductor of heat 
and electricity, with a high specific heat and low 
specific gravity. Its elasticity and tenacity 
are a little higher than silver. It is highly 
sonorous. The atmosphere has little action 
upon it, dilute nitric and sulphuric acids do not 
affect it, but hydrochloric acid dissolves it readily. 
It is also soluble in solutions of soda and potash. 
It is chiefly used for purposes w^here lightness 
is required. 

It occurs in most silicates, and those in which 
alumina predominates are used for its extraction. 
As oxide it occurs in corundum, and as fluoride 
in cryolite. 

Alumina was first extracted from its ores 
bv forming the double chloride of sodium and 
aluminium and displacing the aluminium by 
sodium. It is now extracted by electrolysis 
or by electric smelting, through the agency 
of electricity in both cases. The Hall and 
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Heroult processes are among the most success- 
ful. They are identical in principle and both 
patented in 1886, one in America and tlie 
other in France. The Heroult cell JSl] con- 
sists of a carbon-lined box, itself forming 
the cathode, while the anode is formed of a 

bundle of carbon 
rods. The bath 
consists of molten 
cryolite holding 
alumina in solu- 
tion. The tem- 
perature of the 
bath is about 
800” C., and an 
electric pressure 
of 3 to 5 volts 
is sufficient. The 
current density employed is about 700 amperes 
per square foot of cathode surface. The yield 
is 1 lb. of aluminium per 12 electrical horse- 
power hours. "ITie alumina used is prepared 
from bauxite or an impure oxide of iron and 
alumina by a chemical process. The Cowles 
process for the extraction of aluminium liad a 
considerable commei'cial success, but is now, w^e 
undemtand, not carried on. It (miployed a 
granular Ixxly of high resistance which, being 
interposed in the current, produced great heal. 
The alumina is mixed with this resistance 
materia], which is carbon, and by its reducing 
action at the high temperature employed re- 
duced the alumina to aluminium. It is essential 
that the air be excluded. This method is now 
confined to the jireparation of aluminium alloys. 


Zinc. The metal zinc has h bluish-white 
colour, a highly crystalline fracture, and a 
melting point of 420” C. It soon tarnishes in 
air, and is readily volatile at a little above its 
melting-point. Its specific gravity is 7*15. It 
contracts but little on cooling from the lupiid 
state, and is therefore an excellent metal for 
casting. In the cast state it is known as spelter, 
and in the rolled state as zinc. It is malle- 
able only iH'tween 100” and 200° C. (^ommon 
zinc is somewhat soluble in boiling water, and 
readily so in dilute acids. Although zinc readily 
oxidises it does not combine with sulphur by 
direct union. The chief impurities in commer- 
cial zinc are lead, arsenic, iron and cadmium. 
The chief ores of zinc are zinc’hlende (ZnS) 
and calamine (ZnCJO.-j). 

Zinc, l)eing a volatile metal, is extracted by a 
method of distillation. The ore is first calcined 
to form oxides, then placed in retorts with 
anthracite (carbon) and strongly heated. The 
oxide of zinc is reduced and the metal con- 
densed in fireclay retorts [29]. For rolling it is 
necessary that zinc should be refined, which is 
done on the hearth of a I'everberatory furnace, 
mad^ to slope down to a cavity at one end, 
into which the zinc flows. The bulk of the 
lead sinks to the bottom, leaving not more 
than I'l per cent, in the zinc. Iron is not 
removed by this process. Zinc is used for 
gutters, cisterns, baths, chimney tops, roofing, 
etc. It is largely used for coating sheet iron, 
termed gdtmnrmwj. 
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Tin. Tin is found in nature as oxide, and 
Cornwall lias been from a remote period noted 
for its tin mines. The ore first undergoes a 
mechanical preparation to concentrate it. After 
this it is Calcined to remove volatile matter, and 
then smelted in a reverberatory furnace with 
anthracite coal to roduee the metal. The pro- 
ducts arc tin and slag. The tin contains various 
impurities, and is refined by liquation and 
poling. By liquation the tin flows out, leaving 
much of the foreign matter behind. The poling 
causes evolution of gas, which agitates the metal 
and bring.s the impurities to the surface, forming 
a dross. The varieties of commercial tin are 
comwAm or ingot tin, and refined or grain tin. 
Tin plate is sheet iron coated with a layer of tin 
to prevent oxidation of the iron. The best iron 
plates are produced from ore smelted with char- 
coal , and termed charcoal plates. Copper i.s also 
tinned in some cases, as for cooking utensils, 
to prevent the food being contaminated with 
copper salts. Phosphor- tin is tin alloyt'd with 
4 to () per cent, of pho.sphorus, and used for 
making phosphor-bronze. 

Tin is a white metal of low tenacity but great 
malleability. When a bar ot tin is bent it pro- 
duces a crackling sound known as the cry of 
tin. It is very prone to crystallise, and when the 
surface is washed with aqua regia tlie crystals 
are clearly seen ; this is termed moiree metalHque. 
The specific gravi^ of tin is 7 3, and its melting 
point 232° C. \^en tin is just molted and 
allowed to cool, the surface remains bright if the 
metal be pure, but the presence of lead, iron, 
etc., tends to impart a frosted appearance. The 
jmiiurities in common tin are lead, iron, arsenic, 
co])j)cr, bismuth, tungsten, and sometimes 
manganese and zinc. Tin is a poor conductor of 
electricity. It is capable of assuming an allo- 
tropic form, crumbling to powder when exposed 
to a very low temperature. 

Antimony. 1’he chief ore of antimony is 
stibnite (SbyS;j). Tliis sulphide may be largely 
separated from the rock in which it occurs by 
liquation. This is done on the concave heartli 
of a reverberatory furnace, which is lined A^ith 
charcoal to prevent oxidation. Antimony was 
formerly called regultis of antimony, and in tliis 
country is extracted by reduction in crucibles by 
metallic iron. The metal is purified by fusion 
with nitre, or by melting and stirring with an 
iron rod. 

Antimony is a bluish- white metal, highly crys- 
talline and brittle, with a specific gravity of 6*7 . 
The surface of the cast metal shows characteristic 
fem-ltke markings. It expands on solidifying, 
and imparts this property to many of its alloys. 
It melts at 632° C. It does not oxidise in air at 
ordinary temperatures, but, when heated, unites 
with oxygen to form the white oxide, Sb^.O,... 

Antimony is too brittle to be used alone for 
most purposes, but it is of great service as a 
constituent of certain alloys. It is used to harden 
lead and tin. It is very valuable in type 
metal, imparting the property of expansion 
BO necessary for obtaining a sharp and well- 
defined impression of the letters when printing. 


Arsenic. Arsenic is a brittle metal of a steel- 
grey colour and metallic lustre. Its specific 
gravity is 6*7. It is a poor conductor of heat and 
electricity, and in the pure state is without taste 
or odour. It is very volatile, and burns in air w'it h 
the formation of the white oxide, As.^O.;. It is 
a constituent of shot metal and other alloys. It is 
a valuable bronzing agent. 'Ilic ores are sulphides, 
but it occurs cliiefly in ores of other metals, such 
as those of nickel and cobalt. It is extracted 
from its ores in retorts, from which, on being 
heated, the arsenic sublimes and is collected. 

Bismuth. Bismuth is a comparatively rare 
metal, associated chiefly with ores of nickel, 
copper, and silver, from which the crude metal 
is separated by liquation, or smelted by roasting 
and reduction in crucibles with iron and carbon. 
The raw metal is refined with nitre. Bismuth is 
a reddish-white metal, highly crystalline and 
brittle. Its low molting point and its property 
of expanding during solidification make it useful 
as a constituent of certain alloys, such as fine 
solder and type metal. It melts at 268° C., its 
spoeifie gravity is 9'8 in the solid and 10 in the 
liquid state. It bums in air with a bluish -whitq 
flame, forming bismuth oxide (Bi.^O.j). Bismuth, 
like lead, may bo used as a solvent metal in thi‘ 
process of eupellation. It is ustni in the con- 
struction of thermo-piles, in fusible alloys, and 
in some kinds of typi^ metal and stereo metal. 

Mercury. Mercury, or quicksilver, occuiS^ 
in nature in the metallic state and in cinncd)ar 
(HgS). The metal is extracted from its ores 
l»y a distillation method. The ore is heated in a 
s])ecial furnace, and the vapours of mercury 
condensed in condensing chambeis. The crude 
metal may contain lead, bismuth, zinc*, cadmium, 
and other impurities. It is purified by covering 
the metal with dilute nitric acid, and allowing it 
to stand some time ; the acid gradually dissolves 
out the base metals, together with some mer- 
cury. It is finally redistilled, and is thus made 
pra'^tically pure. 

Mercury is a silver-white metal, liquid at ordin- 
ary temperatures, and boils at 360° 0 .* Its specific 
gravity is 13'6. It is not affectf*d by air or oxygen 
at ordinary temperatures, but if any discoloration 
occurs on shaking it in a bottle it indicates that 
impurities are present. It is used somewhat in 
gilding, but (ihiefly in the extraction of gold and 
silver, and in the construction of thermometers, 
barometers, etc. In dentistry, mercury is a 
constituent of dentists’ preparations and alloys. 

Magnesium. Magnesium is a metal very 
similar to aluminium, but whiter and lighter, its 
specific gravity being only 174. It melts at 
750° C., and boils at about 1,100° C. It is lather 
more oxidisable than zinc. It is best worked at a 
temperature of 460° C. Magnesium wire is made 
by forcing the heated metal through holes in a 
steel plate, and magnesium ribbon is mode by 
passing the metal l^tween heated rolls. It is 
used in the refining of some metals, owing to 
its groat affinity for oxygen and other non- 
metals. It is a constituent of some alloys, such 
as magnalium, which is composed of 100 parts 
aluminium and 10 to 30 parts of magnesium. 
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MUSIC MANDOLINE. BANJO. AUTOHARP. DULCIMER 

30 Construction of Instruments. Position of Player. The 

Strines. Tuning. Fingering and Special Effects. Exercises 

Couiniued froi 
imtrc 4IN4 


By ALGERNON ROSE 
THE MANDOLINE 


Till* mandoline derives its name from the word 
“ mandorla,” an almond, the shape of which nut 
sngg(‘8ted the outline of tin* body of the instru- 
ment. Tnere are two kinds of mandolines — 
those with four pairs of strings, known as the 
“ Neapolitan,” and those with live pairs, called 
the “Milanese.” As the live double-strung 
instrument is rarely met with, we will diwote 
our attfuition to the Neapolitan variety. 

The Strings. Tiie top string is E, the second 
A, th(‘ third D (called tJu* Bourdon), and the 
fourth (jJ, tile lowest jiair being gut strings 
oviu’spun with silver or copper wire. There- 
tori* the tuning of each pair resembles the tuning 
of the single strings in the violin — namely, in 
tilths. Trie D strings arc* of st(*el, also eovcTcd ; 
but the A and E strings are ot plain st^M'l. 

Trie small metallic bars wdiich cross the linger- 
boaid beneath the* strings (there are usually 
27 of thc'in) are knowm 
ns frefs. Between each 
lr(‘t the s])ace rejire- 
Ht'iits one note on the 
pianoforte, or a semi- 
tone in music. In 
manipulating the lin- 
gcTboard, the ))layer 
must bo careful with 
his left hand to place 
down each ting<‘r as 
Hrmly as possible, or 
tlie metal strings will 
(diatter against the 
In^ts and cause an un- 
pleasant buzzing. Play 
with the linger-tips ; 
they will get sore at 
first, and contact wuth 
the* Avires will produce 
corns, but the student 
will not long be ineon- 
venieueed by this. 

Position. Tile posi- 
tion of tlie player is 
like that of the guitar- 
ist. Sit on a chair ; 
eims the right leg over the left, or put the right 
foot on a high stool. Mold the body of the 
mandoline firmly between the knee and the 
chest, so that the player’s right foi*earm may 
move freely. The head of the instrument (contain- 
ing the tuning pegs) should project a handspan 
bc^yond the left shoulder. Be careful to keep the 
right hand and wrist firm, so as to clear the 
strings and bridge. Keep both elbows down. [1] 

The strings are set into vibration by the use of 
a plectrum. One of real tortoiseshell wull last 
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for months, but the genuine* article* is not e^asy 
to obtain nowadays, e*clliiloid, wJiieh is less 
durable*, being sold in its place. With the 
plectrum the instrumcmt is })luyed either 
trevtohi or pizzicato. TJie* former meithod 
sustains the tone and the* latU*r bre*aks ii. 
The tip ol tbe^ plt*ctriim should lx* flexible, and 
the* wide* end quit* firm. Hold it at right 
angles to the strings with its flat side* in a line* 
with them, or place it between any ])air of 
strings. While grasping the ple'ctniin firmly, 
ke*ep the re*st of the hand limp. 

To tremolo pro2)erly. it is unne‘e‘e*Hsary to use* 
foi-ee. Strike the strings gently, first down and 
then up. Make the motions of the same* strength, 
so that both wire*s aiv stnie*k equally. J)o not 
attempt to tremiolo fast lx*lore lx*ing able to do 
so evenly and slowly. Jn otlu'r words, before 
trying to I'un, learn to walk. We have hoard of 
a be‘ginner tying a watch to his e‘ar and ivgulating 
the spe*ed of his tremolo by its ticking. Fiftee*!! 
minutes’ practice of this kind, ke'c^ung strict 
time, will be found to do more good than an beiur’s 
practice of unejven tw^anging. 

Some Effects. From bottom (1 u})wards, 
lh(* mandoline has a compass of four octaves [2). 
The toj) octave is seldom used. 

It should ]>erhaj>s 
|jt* here mentioned that 
a knowledge of musical 
theory is j)rt‘supposed 
|H('e jiage H71. When 
the student has played 
Avith the plectrum the 
first octave of the 
different major scales 
indicated in the eoui*se 
for the violin Ipago 
2121J, he should repeat 
them A^ith the left 
hand alone Hammer 
out each note on the 
frets Avith the fingers. 
Try to jiroduce as 
much tone as possible 
without touching the 
strings with the i)1(k*- 
trum. This is an excellent exercise for 
strengthening the fingers of the left hand and 
making their movements independent of each 
other. The effect produced by a good mando- 
line player who by practice has made his little 
finger apparently as strong as his first is not 
unlike that of the soft percussion stop in a 
Mustel harmonium. 

Another mandoline effect Avhicli must bo 
studied is the sluVy known also as the legatura. 
This is indicated in notation by a curved line 
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The bars represent the frets. Pre‘is the strings between on the spaces between the frets 


4th double strings 
1 2 3 



3rd double string 

7 1 2 3 4 5 6 

^ D D it ® F F# G Gj 

(open) 
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Ist double string 
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1st double string — continued — 8vo higluT 


rets frets. At Iho 

, same time 

6 7 strike with the 

~~T~n plectrum. Then 
izifeipzfl l>oth the 
. off so 

^ ^ ft to set the 

string free to 
continue the 

vibration. 

^ ^ Another dis- 
^10"[zll tinctive feature 
_|_[ L in mandoline 

CJf I) strap pato. In 
English this 
m t‘ a n 8 to 
, ^-wrench or 


12 13 14 
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zEpEFEir^i z '-r - L£_t ^IJ J tended chore 

d=ziz-z^_:_T rl 1 1 f— LH~f 1“ H downwards 
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2. roMr\ss of thk Mandolin, k 

linking together two or more notes. To insure quickly 

the tremolo continuing without the slightest (‘lose T 

break, the player, at tlie beginning of a slur, music, 

strikes the strings once only. By gliding the therefor 

fingers of the left hand firmly up or down the player. 

lingfU'board, the tone is then carried from one ' p 
not(' to anoth<»r without further stimulus elusion. 

Another speciality of the mandoline is the instrum 

echo effect. As the word implies, it is an itera- jn time, 

tion, softly, of a chord or arpeggio already slowing 

played. The way to get this is simple. The The be^ 

plectrum, being held by the thumb and first \ beaut 

finger, leaves disengaged the second, third, and l)een wt: 

fourth fingi^rs. After striking with the plectrum gether u 

loudly, draw the disengaged fingers across ilu‘ and a g 

four strings in an upward direction. [Ex. 1) 

The production of harmonics is a distinct The I 
charm of the mandoline. These dulcet sounds are the mar 
elicited by touching the string lightly immedi- “Don ( 
ately above the fourtli, fifth, seventh, or twelfth and PaL 


~l ^ I ^ j —4— I t(*nded chord 

I I ~L i~ r 1 “ n downwards, 

GB G DB E F FB G arpeggio fash- 

DOLIN.K 

the plectrum 

quickly upwards across all the strings. As a 
(‘lose To a brilliant march or other similar 
music. It gives a good finish, and should, 
therefore, not be overlooked by the ambitious 
player. 

A Fault to Check. One word in eoU' 
elusion. A common fault in practising a solo 
instrument is the tendency to disregard precision 
in time, by hurrying over an (^osy passage and 
slowing down when any difficulty occurs. 
The best remedy lor this is onsimible playing. 
A beautiful quartet, for which good music has 
lieen wTitton, can be formed by associating to- 
gether a first and second mandoline, a mandola, 
and a guitar, the latter playing the bass part 
[Ex. 1) 

The best knowm exam}»l(*8 of employment of 
the mandoline in the orchestra occur in Mozart’s 
“Don Giovaniii,” Handel’s “Alexander Balus,” 
and Paisiello’s “ Barber of Seville.” 


TARANTELLA (Italian Dance) 

PrartiMc at Oiudimlh \\(»tk up iht tniic* till it is m-tpsio 


0 *-+o- 











3-“S 


I ^ — to l-l-O- 

9.J ' I 








MUSIC 


THE BANJO 

'^rho banjo if, in no way descendod from tlie 
Euroi)ean lute or guitar family. It is of Afri(‘an 
origin, and through the negro slaves of the 
Southern States of f^ortli America the banjo 
gradually became popular with our white trans- 
atlantic cousins. From America it came to 
(lireat Britain and the European continent. 

The banjo is characterised by its circular body, 
or hoop. The head of the banjo is open under- 
neath like a tambourine, or like the half gourd 
used in many negro instruments as a resonator. 
Without a fairly deep rim, or hoop, the banjo 
would lose much of its tone. 'I’he rim, therefore, 
nets as its sounding-board From the hoop 
extends a long neck, sometimes called the 
“ iuindlc.” This is usually of walnut, Ihe upper 
surfuc(‘ b<'ing overlaid with an ebony finger- 
board, across which, at leaH»>ning intervals, are 
narrow ridges of metal called “ frets.” 

Construction. A peculiar feature in the 
construction ot the banjo is the way in 
which its shortest string is placed. This is 
known as tlu^ “ chanterelle,” or, literally, its 
” singing ” string. Instead of b<*ing in its 
natural order, as the top string is in European 
instruments, it is put next the lowest and 
longest string on the fingerboard. This is 
suggestive. The thumb of the negro, constantly 
employed for climbing, is said to lx* rather 
longer than that of the white man. At all 
events, this is the thumb-string, and expert 
banjoists are as dependent on tlu* thumb for 
their success as was any gladiator — in another 
sense — in the arenas of ancient Rome. The 
thumb-string on the banjo being shoi’ter than 
the other four, its tuning peg is situated two- 
thirds of the way up the neck instead of at the 
head. Advanced players sometimes lavoui* six, 
8<'ven, and even nine stringed banjos. But the 
iH'ginner will learn tin* ordinary instrument, 
which has live strings. Their pitch is an octave 
lower than the notes indicated in music printed 
for them. ' 

Tuning. 'J'line the fourth string to the V 
on the piano, second space bass clef. That is 
the actual sound, although in the music it is 
represented as (\ first ledger line below treble 
staff. Having done this, tune the tliird string 
a fifth above the fourth, to (5 m the fourth space 
bass clef. Next adjust the second string a 
third above G — namely, B. Now tune the third 
string a third above B, to D. Do not tune each 
by the piano. Only use it to test the strings 
w'hen they are tuned. As soon aft the C string 
has lieen adjusted to the pitch, its seventh will 
give the G for the third string. Likewise, the 
fourth fret of the G string, when tuned, will give 
the B for the second string, and the third tret 
of the B string will give the D for the first. Now 
stop the fifth fret of the first string and tune the 
thumb-string in unison with it. If this is done 
properly, it will be an octave higher than the 
open G of the third string. 

The banjo is best pl^ed sitting. Cross the 
right leg over the left. ]^st the fore part of the 
hoop on the leg. The near side of it should be 
in contact with the player’s chest, and thus be 
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held firmlv. The handle, which now inclines over 
the left shoulder, is manipulated by the fingers 
of the left hand. Best the little finger of the 
right ^nd on the vellum sounding-board, in a 
line with the bridge. 

There are two general methods of banjo 
playing. The first, and more usual, is by picking, 
or plucking, with the tips of the fingers of the 
right hand. The second method, which increases 
the sound for concert playing, is by the thimble. 
This is worn over the nail of the first right finger. 
With it the strings, instead of being pulled, are 
struck downwards. 

Exercises. Begin with the cxercis<» on 
the open strings. Grasp the handle with the 
thumb and second joint of the first finger. Keep 
the left fingers clear of the strings. Rememb(»r 
that the right thumb is used for the three strings 
on the left. The first finger is employed for the 
second string, the second right finger for the 



1 , SINGLE SNAP 2 . UOrULK SNAP 


first string. But the third finger is only used 
occasionally, as in chords or arp(‘ggio passages. 

Now study carefully the projicr fingering for 
the left hand. It may seem complicated at 
first, but after a certain amount of practice it 
should iK'come automatically correct. All the 
sounds which the five strings produce on pressure 
of the twenty- two frets are noted in the accom- 
panying table. The “ chanterelle,” or thumb- 
string, being highei in pitch, has intervals shorter 
than those of its neighbour [See last page.] 

Reference to this diagram should enable the 
student to finger out for himself any music he 
wishes to study. 

The easiest scale to play on the banjo is 
G major, with one sharp, F. This is the natural 
key of the instrument. Therefore learn that 
scale first. The fingering is shown in 3. 

Observe that, when the first finger of the left 
hand covers the first fret, the hand is said to 
Ije in the first 'position. Now lot the first finger 
fall on the second fret. Tlie hand is now in the 
second position. According to the way the hand 


progresses along the fingerboard, so is it in tho 
thM, fourth^ or fifth positions. 

The Strings. Bear in mind that tho 
strings cannot be pressed too strongly by tho 
fingers of the left hand if a good tone is to bo 
acquired. There is a marked difference between 
the quality of an open string and of tho same 
string when stopped by tho finger of an ordinary 
amateur. The reason is because the pressure, 
or stress, on tho string at tho point whore it 
goes over the top-nut, and is pulled back by tho 
revertc'd head of tho instrument, is enormous. 
Try to mak(^ t*ach finger a top-nut. 

llie po]mlar “ breakdown,” or step-dance, 
known as “ Old Virginny ” may now be practised 
|Ex. Ij. 

Next proceed to the scale of C major Later 
on, study all the sharp and then all tho flat 
scales. With perseverance, difficulties will bo 
overcome. 

Meanwhile, the intelligent student will study 
that feature in banjo playing known as the 
stmp. This is indicated in notation by a straight 
lin<* drawn from one note to another [ 1 ]. 

Produce th(' first sound by plucking tho string 
with the right hand. Tlien, with the left finger 

SrdHttiu^; 2iid HtiiiiK IstHtiing: f>t1i 


r>th Iststnni^ Srd string; 



f ^ 


3 . FINUERIVti or G MAJOR 

snap — or pizzicato— the note which follows. 
Having succeeded in doing tho single snap 
neatly, try playing tho double snap. As before, 
pluck the first note with tho right hand. Then, 
with the left, snap the two following notes [2]. 

Owing to the jn'esence of frets, it is easy on 
tho banjo to transpose the sounds of tho strings 
by placing the first left finger across them. To 
do- this properly, the thumb must be at the back 
of tho neck, away from tho chanterelle, so as to 
act as a lever. 


Ex. 1 “ OLD VIRGINNY ” 
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Barre. This method of transposition is 
termed barre. According to the jK)sition barr6, 
so It is indicated in the music as 1 P.B., 2 P.B., 

P.B., etc. The lirst finger must be planted 
firmly, seeing that it cuts off a vibrating por- 
tion of the neck and forms a fresh top-nut, or 
capotaAto. Beyond this new top-nut, the second, 
third, and fourth fingers stop the notes as re- 
quired. 

When a slur in the printed music ties one note 
to another by a curved line, the way of playing is 
to slide the finger which stops the fii'st note 
firmly on to tlic second while th(‘ string is 
A'ibrating. Wliat is technically known as the 
slidt is the longer slur. Of this there are several 
kinds. In playing barre, the fingers forming the* 
nott5s beyond the bar should, like the first, pr(‘ss 
firmly. If, on the contrary, they touch the 
strings above tlic frets very lightly, the efloet 
is that of a silvery note at a higher ])iteh. This 
is known as a hartnonic. It has a bell-like or 
fluty character. Tlie principal harmonic notes 
on the banjo are obtained by touching softly 
the fifth, seventh, and twelfth frjL'ts, or the 
seventeenth fret on the thumb-string. So as to 
Im? easily read, harmonics are usually writtiMi 
an octave lower than they sound. The har- 
monic at the nineteenth fret of the thumb- 
string is analogous to the seventh on the third 
string. 

The Vibrato. We have so far dealt with 
various ways of stopping the notes ; but, besides 
pressing them dowm firmly, the student who 
dmiri's to be a good banjo })layer will practise dili- 
gently until he acquires the ability to cause each 
finger of his left hand to make the string throb 
oi quiver sympathetically. This delightful effect 
is known as the vibrato. Not only is the pul- 
sating ton(* pleasant, but its production seems 
to reinforce and intensify the sound of the 
instrument. Regard the tip of the finger as h 
fulcrum Press the first joint gently forward 
and backward. Do not jerk tht* string. The 
necessary rapidity of motion requires practice, 
espeeially as regards the weaker fingers. The 
only way is to repeat the ex(*rcise patiently 
dav after day until the knack is acquired. Jt 
wdll probably come when least expect^. When 
once learnt, it is not forgotten. The time 
occupied in obtaining it is well spent, because it 
is not easy to exaggerate a good vibrato on a 
stringed instrument, whereas the same effect 
applied to the voice too often becomes a weari- 
some mannerism, which militates against the 
success of the vocalist. 

Varieties of style of manipulation in banjo 
playing done with the right hand ai'c knowm 
as the tremoloy fanning^ thimble playing^ and tho 
lasp. An even tremolo is nearly as difficult to 
learn at first as is the vibrato for the left hand. 
It is produced by the tip of the first finger very 
((uieldy beating the strings to and fro. At the 
same time, the lower notes, furnishing either 
aoeompanimont or melody, are plaved by the 
thumb. Fanning, although somewhat similar, 
is more deliberate than the tremolo. 

Thimble playing is employed when a powerful 
tone is required. The first finger strikes the 

4312 


strings with the thimble instead of twanging 
them, the thumb meanwhile )>lucking alter- 
nate notes in the usual fashion. A further 
development of this branch of study is known 
as ihitMe rolling. Like everything artistic, it 
usually requires considerable practice to obtain 
a good effect. Although the harpist keeps his 
nails very short, the banjoist, like the Chinese 
mandarin, must cultivate his for playing the 
rasp This is produced by passing the finger- 
nails of the right hand lightly across the strings, 
either with the hack ot the hand up or the palm 
up and the nails reversed. 

Sufficient has been said to show' that, althougli 
the I’udiments ot banjo playing art‘ easy to 
a'^quire, the instrument is not eas} to masU'i 
thoroughly, and amongst its exponents are not 
a few players of extraordinary skill. 

But the student will find that its difficulties 
will vanish w'lth persistent, w'cll -ordered practice. 

THE AUTOHARP 

This iiistiuinent is in sliajic like the /.ithef 
rather than the harp. The distinguishing 
feature in its construction is that the strings 
are crossed at right angles by bars })arallel to 
each othei . By im‘ans of spiral sjirings, (‘a^h bai 
is kept clear oi th(‘ wires below except when 
pressed doi^’ii. An arrangement of pieces of 
felt then damps the vibration of certain strings, 
allowing the others to sound freely. 

J^lacc thi‘ autoharp on a flat table, taking can* 
that the spikes do not scratch the surface, 
with the straight side ot the instrument inclining 
towards the player at an angle so that the outlines 
of the fingerboard and bass side represent roughly 
the letter V. Every string is numbered under- 
neath on the sounding-board C/Orresponding 
numbers are printed over each note in music 
arranged for this instrument. No previous 
know'ledge of notation is therefore necessary. 

The Strings. Of the twenty-four strings to 
he found in the usual type of autoharp, those 
nearest the ))layor are of covered ware. These 
strings represent the jiedal notes, or roots, of 
ehoi*ds formed on pressing the bars and sweeping 
the strings. With the left hand press down the 
bar nearest the tuning pins. Set the strings 
in motion by guiding the thumb of the right 
hand along* them. The notes wliich sound are 

C, K, G, wherever they occur throughout 
the compass, the other notes being silencwl by 
))ads of felt underneath the bars | Icrl. 

Now^ depress the next rod, marked B. Sound 
the strings. The chord heard includes every 

D, FJf, A. and C in the scale \tb\. 

I'he third bar, marked C, leaves open every 
Ch B, and D in the compass [Ir] 

All strings which sound E, G, B vibrate 
when the fourth bar, marked D, is put 
down [Id]. 

The fifth bar, marked E, somids every A, C, E 
[ie\. 

Lastly, when the sixth bar, marked E, is 
pressed, it allows every B, D, and F to vibrate 

[if]- 

All melodies for the simple autoharp are 
written in the key of G, with one shai^, F. 
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The comiMisH iisiially oonHist^ of twenty-four or 
twenty-tivc stringb*, being tlic diatonic •^calo ot 
(i, to which arc added the pedal notf^s of (' and 
1), au<^ liarmonic sounds can be obtaim'd by 
touching the G string {A) lightly above the frets 
(beyond the bars) 

Although the autoha ip may Ik* played by 
those who know nothing whatever of musical 
notation, in the hands of a musician A^ho under- 
stands the principles on uhicli its mechanism is 
arranged it is something more than a mere toy. 
Ho can elicit some beautiful effects from it, 
inasmuch as the third bar gives the tonic chord 
of G major, the second the dominant, the first 
the subdominant, the fourth the relati\(‘ minor 
chord of G, the fifth the relative minor chord ot 
the sub-dominant, and the sixth bar the relatiw 
minor chord of th(‘ dominant. 

To shou what can be done in tli<* uay of auto- 
harj) music, we may mention that the so-call(‘d 
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“ Krato ” autoharp has a compass of thrci* full 
octaves from C to C, containing all the semitones, 
and its elaborate im^hanism enables thiity-six 
dift’orent chords to be played — namely, tho 
twelve major, twelve minor, and twelve chords 
of the seventh. 

Use of the Ring, For sweeping the 
strings, an ordinary zither or banjo thumb-clip 
of celluloid, called a ring, is used. If the ring 
is too small, it uill make the player's thumb sor<* ; 
if too large, it will spoil the aeeuraey and firm- 
ness of tone. Therefore, see that it fits. By 
holding up the thumb and sweeping the strings 
with the tips of the other fingers, a delightful 


pianissimo effect is obtained. To silence the 
sounds, j)ul thl^ Hal of the left liand on the 
stiings. 

Tuning. But the charm of the instrument 
A\ill be entirely lacking if the strings are not in 
good tune. Jk' caretui to get a tuning hammer, 
or key, A\liich is of hard metal, and lits tho pins 
pro|)erl>. If it slips on the pins, the latter will 
he racked and gradually loosened, and tke 
instrunuMit soon spoilt An easy guide to th(‘ 
tuning IS to follow the notes indicated on a piano 
or harmonium When the player gets accus- 
tomed to the sounds recjuircd, th(‘ help of a koy- 
hoaid instrument may Ik* disjiensed with, and 
the tuning done from n G pi1cli-pi])e or timing- 
tor k. 

On the autoharp wdth six bars, the (J string is 
usually the ninth from tin* loft. In som(‘ instances 
it hears th(' number 4, jiedal notes being marked 
with Homan numeriils to distinguish them from 
the diatonic intervals ahovi*. But the letter of 
each note is printed on tin* instrument itself, so 
that one cannot make a mistake 

Tf 4 is the number of jiiteli th(» strings 
<*>, H, and 11 will give the notes B, D, and tlie 
octave (x, found und(‘r the third bar, marked ('. 
Pri'ss down this bar and kt'C]) it down with a 
pa}M‘r-w cMghl while tuning these* strings, so as 
to shut ofl the sounds of the others. Jhit the 
tuning hammer on the ])in of B (No. 13), an 
<»e1av<* above* B (b). vvliie*h time* ne*xt ; them 
tune ]M*dal B (IV.) two eietaves lK*l(nv. Deal in 
the* same way witli the* thive* D’s, 8, l,^, 1. Tune 
18 anel III. with jiiteh 0(11) and its eietave (4). 
Now redeiise bar ('. and time the* intermediate 
note's with liieir octaves. Te'st theun with the 
bars of C major (“ A ” bar), and tlie dominant 
e)f (f (‘' B ” bar). As the* same* strings are em- 
l)loye‘d in forming the relative minor chords, it 
iollow's that, when the strings sounde*d on pr<*Hsing 
the* first three bars are tuiu‘d e*orreetIy, the*y will 
•leeord also when the* either bars arei use*d. 

Autoharp Score. Tn the* music piinlod 
for the autoharp, a numbe*r and eajiital lottei 
will Ik* found in(lie»ated over each note. The 
number refeus to the siring and the point where, 
in swe*e*ping a e'hord from left to riglit, one* must 
Ik* careful to finish each move*menf. These sue- 
eessive top notes not e»nly e*e>mplete each ediord, 
but, in doing so, furnish the* melody. The e'apital 
1^*1 te*r above each numlK*r in the music, showing 
which bar is to be jiresscd down with the left 
hand, has no reference to actual notes, the* 
G majoi chord being usually lalK*ll<*d “ G." 

It is easy to arrange* any simple tune which 
deM*s not contain sharjis or flats for the* ordinary 
autoharp. Therefeire, gel a musical fri(*nd to trans- 
))ose the top line of a hymn or other straightfor- 
ward meloely into the ke*y of G. Tlien write above 
each note the number of its string on the auto- 
harp, putting over the niimlK»r the letter of the 
liar to Ik* presscel down The player’s ear will 
guide him to the choice of the right bar. He 
will thus lie able to furnish himself without 
expense with his own special stock of autoharp 
music. As an illustration of this, wo give the 
charming old country tune known as “ The 
Dusty Miller,” the drone bass of which through- 
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Ex. 1 c c c ^ m ^ ^ c ^ c c c c c c 

^1, 13 14 ir> 13 12 11 10 12 12 13 12 11 13 14 15 18 12 11 8 11 11 13 12 11 



l)iiN-t\ \\as the coat, was the (‘olom, Ihiu-t^ was the kiHs That I got fiae the iinll -ei, oh! 

CFBCFE EEBCBCCFECFECAACED C 


out is the tonic chord of G major (Ex. IJ. If the 
air is memorised at the piano, and then sung to 
the autoharp, all the player has to do is to press 
down the third bar (C), and continue sweeping 
the strings as an accompaniment to the voic<*, 
the left hand releasing the bar wherever an 
asterisk occurs, so as to admit of the notes 
not in the G chord being sounded by the right 
hand. 

First, therefore, play each note, using only 
the “ C ” bar. When this can be done smoothly, 
change the harmonies by putting down the 
various bars at diftercnt times according to the 
letters indicated underneath the nott‘s. The effect 
of concluding the tune with the relative minor 
chord of G and the relative minor chord of the 
subdominant (bars E and D) is quaintly appro- 
priate. Make this final sweep (bar (>) from right 
to left. 

DULCIMER 

The dulcimer is a flat, trapesium-shaped, double 
sounding-board, the upper one being perforated 
by a couple of sound-holes and provided with two 
bridges, across which the strings are stretched. 
Two, three, or more strings of brass, or steel, 
are grouped together and tuned alike to represent 
one note. On English instruments there arc 
usually ten long notes, each one made up of 
several strings ; and ten shorter notes. 

Position and Tuning. The dulcimer 
is usually played standing. It should be placed 
on a table, slightly higher at the farther than the 
near side, so that the shortest strings, which 
are farthest away, may be manipulated as easily 
as the longest, in front of the player. Suitable 
tables are usually supplied with the dulcimdr 
when it is sold, and care should be taken that 
the floor is level, so that the instrument may 
rest firmly. 

The method of tuning the English dulcimer 

with the G below second ledger line, treble clef. 
The wrest pins are on the right of the player. 
Each one must be first thread^ through the eye 
and a loop made at the other end of the string 
to fasten over the hitch pin on the left. Then 
with the tuning hammer, coil the wire carefully 
round the string to the right till the pitch is raised 
sufficiently. But get all the strings on first, the 
thickest towards the bass and the thiemest 
towards the treble, and draw them up slackly 
before attempting to get all to standard pitch. 
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Watch the bridges and see that they keep even. 
The compass of the diatonic dulcimer, on which 
learners generally begin, comprises usually 
22 notes, from the G named to the G, 4th ledger 
line above the treble staff, or three octavos in all. 
Having, with the help of a piano or harmonium, 
got the BIX lowest notes — G, A, B, (\ D, E — in 
tune ^ith the >vhit(‘ notes on the keyboard, the 
student, observing that the compass extends from 
(il to G, will doubtless conclude that the whole of 
it should Iw tuned to accord with G major, in 
Avhich all the F’s are sharp. But it is the custom 
with dulcimer players to tune the two lower F’s 
natural, and only to have the top one sharp. 
This will be found a convenience, as the beginner 
usually starts with exercises in the key of C major. 
But different dulcimer players vary in their 
modes of tuning. The strings are numbered on 
the right from 1 up to 22, from the lowest to 
the highest nott% unisons being grouped undei 
one number. 

The Beaters. These are two sticks which 
are held in the hands as for playing the kettle- 
drum, and require considerable elasticity of 
wrist to manipulate properly. The ends are 
provided with pads of leather, soft on one side 
and hard on the other, for use in getting “ piano ” 
or “ forte ” effects. All the different ways of 
right and left hand manipulation employed in 
tympani playing can be applied to the dulcimer. 
It is well to practise the various rolls with the 
sticks on the top of a wooden table, so as to get 
a greater facility apart from sound. It saves 
time and constant tuning, and can be practised 
almost anywhere. The general rule is to use the 
sticks as alternately as possible. 

Rapidity in execution can be learnt most 
quickly by drum practice. But besides striking 
with regularity and velocity, the player must hit 
the right strings. In course of time, the diligent 
student will learn to do this automatically, and 
to graduate also the force of each blow, so that 
the beaters got crescendos and decrescendos of 
sound, and maintain the loudest or softest 
quality of tone, as marked in the music. But 
there is this peculiarity in dulcimer playing — 
which sets it apart from all other musical 
instruments and invests it with that savage 
attribute so dear to the hearts of the Magyars 
— the sound cannot be effectively shut off 
directly a note is struck, so that a confused jangle, 
to some ears, results, akin to playing on a piano 
with the '' loud p^l down the whole time. 
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Wliether this (‘(Yect is really unmusical is n 
matter for discussion, but it makes the dulcimer 
particularly interesting as the only link we 
have in this respect between Oriental and 
Oecideiftal proclivities. Lest the absence of 
damping should set the musical mind of the 
lieginner against the dulcimer, it is as well to 
note here that this instrument possesses con- 
siderable artistic possibilities. As far back 
as the end f>f the seventetmth century TTal)en- 
streit, of Eisleben, was a noted virtuoso on the 
dulcimer, and, since his day, many highly-gifted 
musicians have astonished and charmed large 
audiences by similar skill. 

Key of C Major. Write out tin* scale 
of C major, heginning at (\ 1st ledger line Inflow 
start, and continue it for two octaves, iiumlM*ring 


Ex. 1. 



a 


matie intervals. This is effected by a different 
disposition of the bri<lges. so that the vibrating 
length of the strings between the 1st and 2nd 
bridge, and the 2nd bridge to the tail pins, admits 
of different instead of the same sounds from 
one length of string. The longer stretch, on 
the right-hand side of the player, now produces 
the diatonic notes, whilst the shorter stretch 
on the left hand gives the chromatic sounds. 
The compass of the chromatic dulcimer is an 
octave loss than th(‘ English instrument from 
Q to G. It starts from C, Ist ledger lino below 
start*, and goes to (J, 2nd ledger line above it. 
But the intervening notes contain all the 
necessary half-tones to (uiablc the instrument to 
be played in any key. lnst(‘a<l of C being 
No. 4, it now b(‘com<‘s No. 1, but tht' chromatic 
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Ex. 2. 
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Ex. 4 . the first G “4.” 

Q 1 p and so on. Now, 

-1 ^ - 2::;^ — Hwith alternate 

_ l)(*atcrs, asc(*rid 
« descend the 
scale, striking flu* 
notes in slow time, to the ticking of a clock 
or metronome, and with equal force, lx*ginning 
softly and gradually increasing the strength oh 
well as the sptu'd. Having got the names 
and numb<M’s ot the notes well into the mind, a 
diatonic melody written for the voice in the key 
of G can lie learnt without difficulty, although 
the student has had no musical training. Take, 
for instance, the melody know n as the “ Vesjier 
Hymn.” |Ex. l.| 

Having confined the rhythm to duplex time 
(■} or j), the lx*ginncr should next accustom 
himself to ])laying triplets. In this, on cveiy 
fourth note, the accent is shifted from one hand 
to the other. [Ex. 2.] 

Chromatic Dulcimer. The advanced 
student w'ill endeavour as soon as imssible to 
avail himself of an instmment giving the chro- 
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notes are always numbered w'ith the diatonic, 
so that C and GS arc both designated “ 1.” 
'Pry the chromatic scale. | Ex. 3. | 

'Hie student can now licgin to practise the 
scales in all the major and minor keys. Aftc^r 
going up and dowm G major, sound th(* cadence 
giv<‘n in Ex. 4 . 

'Plicn go to G major. After transposing the 
cadence a fifth higher on paper, repeat it. 
Next go into D major, and so on through the 
different scalos, until familiar with each key. 
'rh<‘n tackle the minor scales. Endeavour to make 
the executive ability in manipulating the beaters 
kec]) pace with the facility required for reading. 

So that ascending and d(*HC(‘nding runs in 
double notes may be t‘\ecuted rapidly and 
evenly, the ambitious student should practist* 
scales in Srds, rtths, octav(*s, and lOths, slowly 
at first, gi'adually augmenting the pace. The 
remarkable bravura capabilities of this instru- 
ment arc shown in the Sw'iss dance (dated 1820) 
of the Canton of Appenzell, atTanged for 
violin, dulcimer and ’cello, quoted in Sir John 
Stainer’s “ Dictionary of Hfusical Terms.” 


Mandoline^ Banjo, Aulohatp, uiul Dvlcimer condtuled 
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APPLIED CHEMISTRY 

Chemistry and Commerce. The Chemical Industries. The Various 
Processes in Applied Chemistry. A Short Dictionary of Chemical Terms 


By CLAYTON BEADLE and HENRY P. STEVENS 


IT is in the domain of pure science or pure 
^ research that great discoveries of industrial 
importance unexpectedly come to light. In such 
cases, the leading principle stimulating the 
chemist, the biologist, and the physicist is the love 
of knowledge for its own sake. When engaged in 
some particular investigation, the unexpected 
frequently happens, side issues arise which lead 
the investigator into fresh paths, and, although 
he may not attain the special object in view, his 
labours are not wholly disappointing. But such 
is not always the case, for many have worked 
and devoted a life of self-sacrifice without 
achieving any marked degree of success, and 
those who have striven for the attainment of 
some particular industrial object have, at times, 
failed utterly. But cases of failure may often be 
attributed to the lack of a proper combination 
of theory and practice. To perform a chemical 
'operation in the laboi’atory is a very different 
thing from carrying it out on a large scale in the 
factory. 

Wc shall endeavour briefly by way of intro- 
duction to refer to various operations performed, 
often unconsciously, by the chemist in the 
course of his analytical work, and at the same 
time common to most, if not to all, chemical 
industries. 

Lixiviation. This is the separation of the 
soluble from the insoluble, as in the process of 
extraction by water. Example : soda recovery. 

Extraction. In its general acceptance, this is 
the use of solvents, such as ether, alcohol, carbon, 
disulphide, benzene, petroleum, etc., as in the 
removal of fatty or greasy matters. Example: 
removal of wool fat from wool. 

Subsidence, or Levigation. This con- 
sists in the separation of (insoluble) particles 
from watery solutions, etc., due to gravitation. 
The largest particles subside first, then the next 
in size, and so on, thus effecting the separation 
of (a) solid from solid ; (6) solid from liquid ; and 
sometimes (r) liquid from liquid. Examples: 
(a) clay washing ; (6) clarifying effluents ; (c) 
oil and water. 

Levigation by Wet Grinding. This 
is the grinding of insoluble substances to a fine 
powder when wot, and sej^ration by subsidence. 
Example : minerals for paints. 

Evaporation. This is the removal of 
water either (o) “ spontaneously,” as under the 
influence of air, wind, sunshine, etc. ; or (6) by 
the direct, or (c) indirect application of heat ; 
or (d) by the use of vacuum pans with or (e) with- 
out heat. 


Examples : (a) evaporation of salt from sea 
vater, and the drying of hand-made paper ; (b) 
soda recovery by Porion system ; (c) ” Stove,” 
or table salt from brine ; (d) concentration of 
sugar solutions and glycerine by multiple effect 
systems ; and (c) drying of glue. 

Distillation. Th is consists in the separation 
of a mixture of volatile and non-volatile (or 
less volatile) substances by the application of 
heat. Fractional distillation is appliwi to various 
liquids containing mixtures of substances having 
different boiling points, thereby one is separated 
from the other, the lower boiling constituents 
distilling over first. 

Sublimation. This can be either spon- 
taneous, as when snow disappears without 
melting, or induced by heat, as in the purifica- 
tion of salammoniac or naphthalene. It involves 
the direct conversion of a solid into a vajiour, 
and, if necessary, its subsequent condensation 
again to a solid. 

Filtration. This is the removal of solid 
impurities from liquids by passing or forcing 
the liquid through media such as cloth, paper, 
asbestos, sand, etc., ^liich retains the solid and 
allo\\s the clear liquid to pass, or the same 
operation as performed in the filter press for tho 
purpose of separating out tho waste liquid from 
the valuable solid matter which it may contain, 
or vice versA. 

CVntrifugal force is taken advantage of as a 
means of separation, as in the centrifuge for 
removal of liquids from crystals. 

Crystalliaation. This is a means of separa- 
tion dependent on the crystallising out of solids 
from liquid solvents, when the solutions are 
brought below their satiu'ation point. The 
crystals may be removed by filter pressing, 
ladling, running off liquid, or by centrifuge's. 
Examples : water softening, separation of lead 
and silver. 

Calcination. This is the operation of heating 
solids without fusing them, or where only partial 
fusion takes place, as in the manufacture of 
cement, ultramarine, and the recovery of spent 
liquors. More or less Synonymous terms arc 
igniting, burning, firing, and roasting by means 
of the muffle out of contact of the fire gases 
and burning material. 

In certain cases the material operated upon is 
sufficiently combustible to supply the necessary 
heat for its own calcination, as in the case of 
recovered ash by “ rotary roasters.” 

Refrigeration. This is the use of cold to 
prevent or arrest chemical action, as with meat 
preservation, or to control bacterial growth, as in 
the case of lager beer fermentation. 


Continued 
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SHORT DICTIONARY OF TERMS IN APPLIED CHEMISTRY 

SEE ALSO SHORT DICTIONARIES ACCOMPANYING THEIR SPECIFIC SUBJECTS 

t 


ACIDIMETRY— The determiiiuHon of 
the amount of acid in a sul^stanee. 

Aibumifls or Albumens— A Kroup of 
albuminoids soluble in water. Kgg 
albumin (white of egg) is un example. 

Albuminoids — Organic carbon com- 
pounds containing hydrogen, 

Kon, nitroKcn, and sometimes sul- 
jdnir, and ol very (joinplex nature. 
The> are essential noth t<» anitnnl and 
plant life. 

Albuminoid Ammonia (in water) — 
Aminonia obtained by distillation 
with alkaline iiermaii^anate by 
Wanklyn’s inetlUKl. 

Alcohol — Generally understood to 
mean ethyl ulcoliol, CtHsOU, a 
constituent ot alcoholic beveraKcs, 
and obtained by tiie fennentation ol 
suKar. The term is also applied to 
substances of similar composition. 

Aldehydes- Substances obtained by 
the cart'ful oxidation of alcohol. 

Alizarine— One ol tlie colouring 
mutters of madder {JfttMa tUictoria), 
the (dher being imrpurin. Also 
prepared artitlcially from coal-tar. 

Alkalimetry — The determination of 
the amount of alkali in a substance. 

Alkaloids — Bases obtained from iilunts 
and possessing liighly poisonous or 
medical proja^rtiw. 

Alloy --An intimate mixture (possibly 
containing compounds) of metals 
with one another. 

Alum — A double sulphate of alumina 
and anotlier metal, crystallising 
in the regular system with 24 mole- 
cules of water. Tlie name is often 
applied in commerce to siilpliate of 
alumina alone. 

Amalgam— An alloy of mercury with 
anotlier metal or metals. 

Amorphous — Without crystalline 
structure. 

Aniline— A colourless oil obtained in- 
ilirectly from coal-tar and licloiiging 
<o the class of primary amines. 

Aniline Dyes— Dyes obtained from 
aniline. The term Is often incorrectly 
applied to all coal-tar dyes. 

Animal Charcoal or Bone Black— A 
sulistaiice obtained by carlamising 
bones. 

Animal Oil or Bone Oil — An oil 
obtained by distilling bones. 

Anthracene — A white crystalline 
solid from coal-tar and the mother 
substance of tlie alizarine dyes. 

Antichlor — Sulphites and other sub- 
stances added to destroy any 
residues of chloride of lime left in a 
tibrous material after bleaching. 

Antifebrin — Acetanilide ; an anti- 
pyretic. 

Antipyretic— Medicinal sulistance to 
allay fever. 

Antipyrine— Phenyl-dimethyl pyra- 
zohme; an antipyretic. 

Apatite — A mineral phosphate and 
fluoride of calcium. 

Aqua-fortis — Nitric acid. 

Aqua>pegla— A mixture ot one part 
nitric acid and four parts hydro- 
chloric ai'id. 

Argol— Crude bitartrate of potassium. 

Asbestos — A fibrous mineral sul«tancc 
used in making fireproof articles. 

Ash— Mineral matter left on burning 
organic substances. 

Asphalt — A natural mineral bitu- 
minous substance. 

Aspirator — A machine to draw a 
current of air or other gas through 
an apparatus. 

Assay — The detennination of tlie 
quantity of a constituent contained 
in a BUtistance. 

-Ate— The termination of the names 
applied to salts of acids containing 
oxygen. 


Autoclave - A digester or closed vessel 
in wiiieh li(|uids eaii Im* lieated 
above tlieir ladling iMMiits. 

Azo — The group N - N eliaraeteristie 
of a large numlier id colouring 
matters derived from coal tar. 

BALSAMS — The exudations of plants 
consist liig of n^siiis, volatile oils, 
aroinatle acids, and other sulwtnm’i's. 

Base —A iiietallie oxide or organic 
radical having the i>ower of eoin- 
bining with an acid. 

Basic — Having the proiierties of n iiasi‘ 

Bauxite — A naturally <»ccurring Ii.n- 
druted oxide of alumina. 

Beaker — A tumbler-sha]KMl oi 

thill glass. 

Benzaldehyde— Oil of bitter alinoiids : 

Benzene — A Ii<iuid volatile byilro- 
carbon (formula (’aHii) coiituincd in 
c<ial-tar. 

Bittern — The mother iiipiid liial 
nunaiiis after eommon salt has 
crystallised out iroiii sea-water. 

Blacklead— i*liinibago or graphite ; 
a lorm of carbon. 

Bleach or Bleaching Powder - Ublor- 
ide of lime or calcium bypoehlorile. 

Blue-Stone — Sulphate ol copinn*. 

Boiled Oil — Linseed oil wliieli iias lieen 
lieated witli litharge, iiiungaiiese 
borate, or other sulistances, so liiat it 
iias Iwc^oiiie thick and viscems. 

Boiling - point— Tlie teniiHTat urc at 
wliieli a liquid boils, the pressure 
being that ol a normal atinos)>bcrc 
unless otiierw’ise stated. 

British Gum — Dexhin. 

Bunsen Burner GaM-burncr liaviug 
lioles at the bottom lor the admisHion 
of air. 

Burette — A graduated glass tube 
iirovidcd with a stop-cock at the 
Ixittoin for measuring fluids. 

CALOINATION-Tlie o)>eratlon ot 
ignition or beating till nothing mit 
a miiKTuI residue or calx remains. 

Calc-spar — Native crystalline calcium 
carlionate. 

Calibration —The process ot nsciTtuin- 
ing whether a vessel or other ineasiir- 
ing apparatus bolds or delivers tlie 
exact volume marked ujmiii M. 

Caliche — Impure iiatixe nitrate ni 
soda or (iiili sait)K‘tre. 

Calomel- '-Mercurous chloride. 

Calorie — Metrical unit of licat, iM^ing 
tiic amount of heat rcquireil to raise 
one gramme of w'ater 1“ T. 

Calorimeter — Apparatus tor nieamii- 
ing iioat, usually tlie amount ot heat 
<ie\<'loiH*il by Hul>sfaiiei>s wlien burnt. 

Caramel — Brown eolourmg matter 
obtained by heating sugar or glucose. 

Carbide — .V comnomid of metal witli 
carbon -as calcium carbide. 

Carbohydrate — A eomiNmnd of car- 
bon, iiydrogcn, and oxygen, the 
relative pro|M)rtioiis of tin* two 
latter elements lieing tlie same as 
in wafer— as sugar. 

Carbolic Acid— Phenol : (’uH;,OH. A 
I'oiistituent of coal-tar 

Carbonyl —The group ( ()— that is, a 
group comiMised ol a carbon and 
oxygen atom in coiubiiiution. 

Carborundum —An extremely lianl 
sulistance eoiitaiiiiiig carbon and 
silicon. 

Catalysis — The effect l»y wiiicb twii 
Hiibstances are enabled t4i react in 
virtue of the presence of a smiill 
quantity of a third substance tcTined 
a ratalytir aqent. 

Contact Action — A ssiionyni lor cata- 
lytic action. See 

Centlnopmal — One - hundredtli of 
normal strength. 

Chamber Acid- The crude suliihiiric 
acid which c^illeets on floors oi the lead 
cbamiicrB; ot a strength not usually 
exceeding 70 i»er cent, of iiure aiid. 


Chili Saltpetre — Sodium nitrate. 

China Clay— Kaolin, the purest variety 
of clay. 

Chloride of Lime— Bleacliiug pow der 
or calcium liypiehlorite. 

Cinnabar —Native sulpliide of mercury 
or vermilion. 

Cochineal —The Imdy of a female 
insect w’hich produces red dye-stuff. 

Collodion — A solution of soluble nitro- 
cellulose in a mixture ol niroliol and 
ether. 

Colloid — A Biibstanee in the amornbous 
non-crystalline state — ns liulia- 
nibiHT, glue, eoiloidal silica, cellulose. 

Colophony- Scc rosiiw. 

Commercial Chemicals — Sucli as 
iiavc not iiee.ii specially imrltled. 

Compound — A substance composed 
ol tw’o or more elements in comliina- 
lion with one another. 

Condenser — Apparatus for condensing 
a vajiotir to ii liiiiiid, eonsisting 
eommonly of a tube surrounded liy 
a Jacket of cold water, 

Constitution —The mode in winch 
eleiiients are combined witli one 
anotlier in a compound. 

Corundum — Native alumina or oxide ot 
nliimiiiiiiin ot tlic same coinposition 
as sapphire and ruby. 

Creosote— Sulistance obtained l)> dis- 
tilling wo»>d or eoal-tar. 

Crucible — Cup-shaiMal v(‘sscl of iirc- 
rcsisting material in wliieli substances 
I'aii be strongly lieated. 

Crude Product— Dnpiirifled niatenal 
obtained in clieiiiicul manutactiirc 
or laborat/ory work. 

Cryolite — A native fluoride of alu- 
minium and sodium. 

Crystals — Cbaractcrist ic geoimdrical 
shapes bounded by iilane surfaces 
ill whicli most solid substances 
occur, es|)ecially when separated 
from solution or on solid! Heat ion. 

Crystalline Systems- The six classes 
into which all known crystallincsliapes 
are grouped. 

DEAD OILS— The name applied totlnit 
portion of the eoul-tar distillate 
wbieh sinks in water. 

Decantation — The nroeoss of pouring 
off tiic clear li((ufd after tlie solid 
mutter lias settled to tlie bottom. 

Decinormal — One-tenth ot n(»rmal 
strength. 

Deliquescence— The absoridion by a 
substanec of moisture from the air. 
at times in sulfieieiit quant it it's 
to cause it to liquefy. 

Density — The mass of a unit volume ot 
II Hiitistance. See also sperifir (/ran’tii 

Dephlefirmator— A tyja* of reverse eon- 
(fiMiser chiefly used in distillerii's foi 
treeing aleobol fiom water. 

Desiccation— The process of drying. 

Desiccator As used in unalyfnul 
work, a glass vessel wMtli ground 
elosely - fitting lid eonfaming a 
hjgroscople substaiiee siieb as 
ealeiutii ehlorlde, strong sulpliurie 
aeid or pliospborus iieiifoxide, so tiuit 
any body plaeed inside rapidly 
los'ra Its moisture and drills. 

Dextrin- A gum my substanee obtained 
trom stareh by the action of diastase. 

Dextro-rotatory— Kotating the iilaiic 
of iKilarisat ion of light to the rigid. 

•^Dextrose — <4niTie sugar, a slx-carixai 
sugar obtained from starcli. 

Diamines — Diamido compounds : com- 
pounds containing two umido (NH|) 
gnmiis or their derivatives. 

Diastase — An unformed or soluble 
tennent which converts starch into 
sugar. 

DiEester —See auUmlavf. 

Diaestlng — The process of heating 
together a solid and a litiuid so as to 
give them every oiiiiortnnity ol 
reacting w'itii one another. 
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DIOTIONARV DP APPLIKD OHCMI8TRV 


Distillate — That i>ortion which passes 
into vapour and collects lu the 
receiver when a substance is dis- 
tilled. 

■FPLORB8CBNOI — Formation of a 
powdery deposit on crystals through 
loss of water or of a powdery cry- 
stalline deposit on tiie surface of a 
porous bo<iy, as in the case of nitre 
on the surface of tiie earth in India. 

Electrolysis —Separation of a chemical 
substance into its constituents by an 
electric current. 

Elementary Analysis— The determi- 
nation of the proportions in whicii 
the elements are contained in a 
substance. 

Elutrlatlon— WasliitiK a finely- 
powdered substauee by rei>eated 
treatment wllli fresli water. 

Endothermic Compounds — Com- 
pounds in the formation of which 
heat is absorbed. 

Enzyme — Unorganised ferment 

Equivalent Weights— Weights of bu1>- 
Btances wlilch will combine with or 
replace one part of iiydrogcn. The 
fuiui valent weight of a compound 
will be a simple fracllon, usually one- 
lialf, of tlie molecular weight. 

Ester — An ethereal salt. 

Ether — Usually understood to mean 
ethyl other. A liighly volatile and 
inflammable organic liquid (C'jHriliU) 
Tile term Is also applied to all 
substances of similar composition, 
and even to esters or ethereal salts. 

Ethereal — Pertaining to ether; tlius 
l)y an ethereal solution is meant a 
solution ill etlier. 

Ethereal Salts — A salt of an acid in 
wlilch the hydrogen is replaced by 
etliyl (CjjHr,) or other radicals, 
just as a metal replaces the hydrogen 
of an acid to form metallic salts. 

Eudiometer — A gas analysis apparatus 

Excess — A reagent is present in excess 
when more than sumciout has been 
added to react with the portion ot a 
substance under examination. 

Exothermic Compounds — Com- 

K ids in the formation of wliicli 
is developed. 

Extraction— Removal of one con- 
stituent from a mixture of substances 
by means of a solvent in wliicii the 
remaining constituents do not dis- 
solve. 

PAT— Natural product o.ompo8ed of 
ethereal salts, sucli us glyceryl, 
stearate, paliiiitate, and oicate. 

Fatty Acids— Acids formed on tiie sap- 
onffloation of fats. Tlie genene 
term is now applied to several series 
of organic acids, including acetic 
and formic acids. 

Fehllng Solution— Solution of copper 
sulphate with Jlociielle salt and 
caustlo soda: used iii testing for 
sugars. 

Ferment — A nitrogenous organic sub- 
stance with or without organlse<l 
structure and power of reproduction. 
Fermentation — Chemical process 
brought about by ferments. 

Ferric or Ferrl Salts— Salts of iron 
containing the trivalent iron atom. 
Ferrous or Ferro Salts— Salts of 
iron containing tlie divalent atom 
Filtrate — The clear liquid obtained 
tiy filtration. 

Filtration — The separation of a solid 
from a liquid by passage ttirough 
a porous medium. 

Flask— A globuiar-siiaped vessel of 
thin glass. 

Fluxing — Melting or fusing. 

Foots — The deposit of impurities 
formed in tlie process of clarifying 
oils. 

Fopchammer Process— Determina- 
tion of amount of acidified perman- 
ganate required to oxidise organic 
matter in a sample of water (water 
analysis). 
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Fraction — A portion of a distillate 
which has passed over during a 
definite range of temperature. 

Free Acid— An acid not in combina- 
tion with a base. 

Free Ammonia (in water)— Ammonia, 
probably in combination as a salt, 
sometimes termed taline ammonia, 
and obtained by distilling the water 
with sodium carbonate. 

Free Base — A base not in combination 
with an acid. 

French Chalk — Steatite or soapstone. 
A hydrated magnesium silicate. 

Fusel Oil— Fermentation amyl alcohol 
formed in small quantities during 
alooholio fermentation. 

Fusion Mixture— A mixture of equal 
parts of sodium and iiotassiuin 
carbonates, wldch fuses at a lower 
temperature than either separately. 

OA8 LIQUOR — An aqueousliniior rich 
in ammonium salts obtained in the 
purification of coal gas. 

Glauber's Salt— Sodium sulpliate. 

Glucose — See dextione. 

Glucosides— Naturally oreurriug veget- 
able substances which split up on 
liydrolysis, yielding glucose and 
another substance which is not a 
carbohydrate. 

Gluten— A sticky, nitrogenous sui>- 
stance obtained by w'aHhing out tlie 
starcli from wheat flour. 

Glycerine or Glycerol — An oily liquid 
with a sweet taste, in reality an alcoliol 
obtained by the saponific<itloii of 
natural fats and oils. 

Gooch Crucible - One with a perforated 
bottom on which is a layer of 
asbestos so that the precipitate may 
be filtered, washed, and dried. 

Grape Sugar — Sec dertrose. 

Graphite— Biacklead ; a form of cariion. 

Gum — An amorphous carbohydrate 
characterised by its sticky properties 
and obtained from the natural 
exudations of plants. 

Gun-cotton — Nitrocellulose olitained 
by treating cotton \vith a mixture of 
strong nitric and suipliurie acids. 

Gypsum — Native cr>^tBliiuc calcium 
sulpliate. 

HALOQCN— One of the following four 
elements — chtorlne, bromine, iodine, 
or fluorine. 

Hardness of Water — The soap- 
destroying ]X)W'der due to dissohed 
salts. 

Homologues — Organic compounds of 
analogous composition to one an- 
other — for instance, methane, ethane, 
and propane are homologues. 

Hydrate— A oheniical substanoe liaving 
water in combination with it. 

Hydrocarbon— A compound of car- 
bon and hydrogen. 

Hydrolysis— A type of chemical de- 
composition brought about by various 
agencies, but always accompaiiiiHl 
by absorption of water. 

Hydroxide — A compound consisting 
of a metal or radical in combination 
with hydroxyl groups— for Instance, 
copper hydroxide Cu(OH)2, alcoliol 
or ethyl hydroxide t'2Hf,(OH). 

Hydroxyl— The group (OH). 

Hygroscopic Suostance — One wiiich 
absorbs moisture from the atm(»- 
sphere. 

Hypo — A prefix denoting a sniailer 
proportion of oxygen. 

INDICATOR — Substance used to indi- 
cate the completion of a reaction in 
titration processes — for instance, 
methyl orange. 

Infusion — A luittid obtained by treat- 
ing a vegetable substance with a 
solvent to dissolve out some of its 
constituents. 

Inorganic Compounds— All com- 
pounds excepting those of carbon. 

Isomeric Substances- Those having 
the same peroentage composition, 
but different properties: 


Isomerism — The phenomena exhibited 
ly isomeric oompouudH. 

-Ite — Tlie terminal ending of names 
applied to salts of acids containing 
less oxygen than those ending in -ate. 

r 

KBLP — The ash of certain seaweeds 
used as a source of iodine. 

Kleselguhr — A porous silicious sub- 
stance, with absorbent properties. 

Kieldahl Estimation— A metliod of 
determining nitrogen, especially in 
organic substances. 

LACTIO ACID— An acid formed in the 
souring of milk by the action of a 
ferment on tiie milk sugar. 

Lactose — See rniUc ntgar. 

Lmvo-rotatory- Rotatlngthe plane of 
polarisation of light to the left. 

Lamina — A thin slieet or plate. 

Laughing Gas — Nitrous oxide. 

Leblanc Process— A method of mak- 
ing washing soda from common salt. 

Lees — Tlie deposit at the bottom of si 
vessel in w^ifcli wine is fermented. 

Lime — Calcium oxide obtained by 
burning limestone or calcium car- 
bonate. 

Liquation— Tlie separation of bodies 
by heating and allowing tlie more 
fusible to melt and flow away. 

Liquor— A general term applied to 
luiulds containing dissolved matter. 

Litharge — Lead oxide. 

Litmus — A colouring matter obtained 
from a lichen and used as an 
indicator. 

Logwood — The hard wood of a tree, 
wliicli yields a red dye. 

Lye — All alkaline liquor containing 
the caustic alkaloids or tlieir car* 
bonaies. 

MALT08B, or MALT 8UQAR — A 

sugar produced by the action ot 
diastase on starcli. 

Marsh Gas — Methane (CH*) ; the fire- 
damp of the miners. 

Marsh's Test— A test for arsenic. 

Measuring Flask— A flask which, filled 
to a mark on the neck, contains a 
measured volume of liquid. 

Melt — A fused mass of crude product 
obtained by heating. 

Mercuric Salts — Compounds of tlie 
lilglier oxide of mercury (HgO). 

Mercurous Salts — ('ompounds of the 
lower oxide of mercury (Hg, 0 ). 

Meta— A prefix used to dlstinguisli 
one isomer from another. 

Metal — ^An element which will com- 
bine with oxygen to form a base. 

Methane — See mamh gas. 

Methyl Orange— The sodium salt of 
an aniline dye; used as an indicator 
for strong acids. 

Microcosmic Salt — ^Hydrogen sodium 
ammonium phosphate HNa (NH4) 
PO.. 

Milk Sugar— A sugar found in milk. 

Mlllon's Reagent— A solution of 
mercuric nitrate containing nitriu 
acid. 

Mineral Acid— This term usually 
includes sulphuric, hydrochloric, 
nitric, and other acids of inorganic 
origin. * 

Minium— See red lead. 

Molecule— A word meaning little 
mass; the smallest particle of gaseous 
matter that can exist by itself. 

Mordant — A substance used in dyeing 
to aid in fixing the dye on to the 
fibre. 

Must — ^A crude liquor expressed from 
fruit. 

NATIVE — Occurring in a natural state. 

Kessler's Solution — A solution of 
mercuric iodide in potassium iodide, 
prepared according to a special 
recipe. It gives a yellow-brown 
colour, with even minute traces of 
ammonia, and a precipitate with 
larger quantities. 

Nitre — ^Potassium nitrate. 
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Nitro-cellu|ose — Nitric esters of cellu- 
lose, such as gun-cotton. 

Nitro-oompound — One rontaining the 
iiitro group (NOf). 

Nltpometep— A form of gas analysis 
appari||bus used in the estinuitioii of 
nitrous oxide in vitriol. 

Nopdhausen Sulphupic Acid -The 
fuming acid SO^ S()|. 

Nopmal Acids and Alkalies— Solu- 
tions containing an eiiuivalent weiglit 
in grammes of the substanoo in (luea- 
tion dissolved in one litre of water at 
ly C., 

Nopmal Solutions — Solutions of 
standard strength based on a sytein 
of chemical equivalence. 

OLKFIN8 — A group of hydrocarbons ol 
general formula (’tiHjn, when' n is 
any integer; for example, olefiant 
gas. 

Opganic Compounds— .All comiiounds 
of carlHMi, with tlic exception ot tlie 
monoxide and dioxide, wiiicli are 
usually reckoned as inorganic com- 
pounds. 

Oxidation — Tlic process of adding 
oxygen or subtracting hydrogen from 
a substance. 

Oxide — A compound of an element or 
radical witii oxygen. 

Oxidising: Aflrent — A reagent for adding 
oxygen to or witlidrawing bydnigcn 
trom a substance. 

Ozone — A form ot oxygen containing 
tliree atoms to tlic molecule. 

PARAFFINS — A group ot iiydrocar- 
Imns of the general formulu CnH nt , 
where n is any integer ; for iiistaiX'e. 
marsl) gas (('H<). 

Peaplash — Calcined potassium carbo- 
nate. 

Permanent Hardness — Hardness of 
water not removed by lioiling, and 
generally due t<» the presence of 
dissolved sulpliates. 

Permanent White ■■ Precipitated 
barium sulphate. 

Peroxide— An oxide containing more 
oxygen than tlic common oxide. 

Phenol— Carbolic Add (CaH.*,OH). 

Phenol-phthaleln— An organic syn- 
thetic dye stuff used as an indicator 
tor weak acids. 

Picklinff — A term applied to tlie pro- 
cess of soaking a solid in a liquid. 

Pinch-cock — A spring clip for cl<jsing 
a piece of indiarubber tuliing. 

Pipeclay Triangle — A triangle clay 
pipe-stem held with iron wire, and 
used for supporting crucibles. 

Pipette — (lraduat<*<l glass tube for 
measuring liquids. 

Plaster of Paris — Hydrated calcium 
sulpiiate or gypsum, from M'bicii part 
of the water has been removed. 

Plumbago — Blacklead or grapliitc, a 
form of carlMui. 

Potash or Caustic Potash — IVUnssium 
iiydroxide. 

Precipitant — A sulistaiicc used to 
bring about tlie formation of a pre- 
cipitate. 

Precipitate — ^A solid substam^c formed 
in a solution by a cbemical reaction. 

Proof Spirit — All antiquated and 
Slumbrous standard of strength for 
aleoliol. The density of proof spirit 
works out to *91984 at 60“ P. It <*on- 
tains 49*24 per cent, of alcohol by 
weight. 

Proximate Analysis— The det/erminu- 
tion of tlie ingredients in a mixture 
of substances. 

Prussian Blue— A pigment formed of 
complex cyanides of iron. 

Pyrites — Native sulphides of iron, 
and of iron and copper. 

Pyrolttslte — A mineral containing 
crude oxide of manganese. 

QUALITATIVB ANALYSIS — The 

process of ascertaining the nature of 
tlie constituents of a substance. 


Quantitative Analysis— The process 
of ascertaining tlic proportions of 
tlic constituents of a substance. 

Quartz— ("r>'stalline silicon oxide or 
silica (SiO,). 

Quicklime — C’alcium oxide (Cao). 

RADICAL or RADICLE— A complex 
group of elements playing the part 
of, and reacting as, a single element. 

Reaction — The chemicai action of one 
substanoc on another. 

Reagent — A substance, generally in 
Monition, used to bring about a 
eliaractcristic chemical reaction. 

Red Lead or Minium— Tlic oxide of 
lead (PbfOi). 

Reducing Agent — A reagent for adding 
liydrogen or abstracting oxygen from 
a substaiK'c. 

Reduction — The process of uddliig 
liydrogen or withdrawing oxygen 
from a sulistance. 

Reichert's Process— The standard 
mctliod for estimating volatile fatty 
acids in butter. 

Resin or Colophony — A rf>sinoiis sub. 
stance left in the retort after tlie 
distillation of crude turpentine. 

Resins — A class of vegetable solids of 
lirittle and glass-like fracture. 

Rider — A small V-shaiied wire wliich 
is sliiftcd from one iKisition to anotlier 
on tile beam of a balance, instead ol 
putting wciglits into the pan. 

Rochelle Salt— Sodium potassium 

tartrate. 

Rock Crystal— Quartz. 

Rock Salt -Native sodium chloride or 
unreitned common suit. 

Rouge- Finely ground terrie oxide 
(FejO,). 

SALINE — Partaking of the nature of 
a salt. 

Saline Ammonia (in Muter).— Sec 
free ammonia. 

Salt — tieiieric term lot tlie product 
of the combiiintioii ol uii acid witli 
a base. 

Salt Cake— (’rude smltiim sulpiiat* ; 
tile tlrst stage in the manufacture of 
H<Mla by the Leblanc, process. 

Sampling — The (qieration ot removing 
a small jMirtioii or sample repre- 
sentative of tlie whole. 

Sand Bath — A shallow metal triiy 
eoiituining a layer ol sand on wldeli 
vessels nuiy 1 m* heated. 

Saponification — The process by wliieli 
H soap (metallic salt of a tatty acid) 
IS obtained from a fat. The. term is 
applied also to the hydrolysis of any 
etiiereal salt with the formation of an 
uieohol and a fatty acid or its suit. 

Saturated Solution — ^A solution con- 
tuiniiig as much substance dissolved 
in it as ttie liquid will take* up. 

Semi-normal — One ball of noriiuil 
strength. 

Sllloious— Oom)K)sed of, or partaking 
ot tlie nature of, silica or sand. 

Slag — A fusible silicate formed in Hie 
process ot obtaining metals from their 
ores. 

Slaked Lime — Lime slaked ; that is, 
treated with siitncicnt water to form 
calcium hydroxide. 

Smelt — ([obttit blue. A silicate of 
cobalt. 

Soap — The metallic salt of a fatty 
acid, generally oleic, iialmitic, or 
stearic, or a mixture of these. 

Soda Lime — A mixture of soda and 
lime, used for absorbing carbon 
dioxide gas. 

Soft Soap — A potash soap or potas- 
sium salt of a fatty acid, liard snaiis 
being sodium salts. 

Solvent — Liquids used for dissolving 
substances. 

Soxhlet Apparatus — An automatic 
apparatus for the extraction of fatty 
substances with volatile solvents. 

Specific Gravity— Tiic ratio of the 
weight of a substance to the weight 
of an equal vciluine of water. 


Standard Solution— Solution of defl- 
iiitc strength, usually normal or 
dccinormal. 

Steam Oven — An oven surrounded by 
a steam jacket. 

Still — Distilling apparatus. 

Suction Gas— See water ga*. 

Sulphontc Acid — An organic acid con- 
taining the group SO^K. 

Superphosphate- -A mamiriul sub- 
stance containing monoculciuni 
phosphate. 

Synthesis— The building up ot a 
compound Iroin its elements, or from 
simpler snlmtances. 

TALC— A sulmtunce of siniilur compo- 
sition to French chalk. 

Tartar Emetic — Fotassium antimony 
tartrate. 

Temporary Hardness— Hardness of 
w*atcr removed by iioillng, and due to 
iiicarboniitcs. Set* iilso hardnenit. 

Thermometric Scales -Tliose eoni- 
inonly used are the (Vntigratle anti 
Fiihrenlieit scales. 

Thio — .A jireflx showing tliat tixygen 
in the substance lius been re|ilaeed by 
sul pilin'. 

TIncal— Fnide borax. 

Titration — Tlie process of adding a 
measured iimoiiiit of a solution ot 
one substance to another until tin* 
rt‘nctu)n between tlieni is complete. 

Turmeric — Yellow exilouriug matter. 

Twaddell Degrees — A teeimieul 
inetlitMl of reekoiiiiig the specltie 
gravity ot a li<|iiid. Thus, Degrees 
1 ... specltie gravity - I.IMIO, 
Twaddell . - 

water - J,00U 

U LTIMATE ANALYSIS— Tlie seimru- 
tion of sulwtaiices into tlielr coiistl- 
tiienl t'lements. 

Ultramarine .An artiticial blue 
colouring matter resembling ground 
lapis lazuli. 

U-tube — (iluss tube in tlie shape of 
tlie letter (\and ns(*il tor absorbing 
gases, 

VACUUM DESICCATOR -A (lesie- 
eator from wliicli tlie air can be 
exhausted. 

Valency — iiie eominuiug eaimelty ol 
an clement or tlie number of hydrogen 
atoms or tlieir equivalents witli wlihii 
an atom of tlie element in question 
will eojubine. 

Vermilion- Sulplilde ot mereury ; 
used as a pigment. 

Vitriol — Muliiliuric acid. 

WASH-BOTTLE - Mottle or dusk 
with wlilch a jet of water can lie 
directed on to a precipitate for tlie 
puriMise ot wusliitig It. 

Washing — Treating a substance 
(usually a precipitate) witli successive 
quantities of a solvent, sucli as water, 
ill order to dissolve soluble Impurities. 

Water Gas — A mixture of hydrogen 
and carbon monoxide gases obtained 
by passing steam over red-hot coke. 

Water Oven— oven. 

Wax —An etiiereal salt of a fatty acid, 
and a monoliydrie aleoliol (aleoliol 
witii a single hydroxyl group). 

Weighing-bottle— A snmll stoppereil 
bottle in wiiich a sulistauce can be 
weiglicd out of contact with the 
surrounding air. 

Welldon's Process — A process for tin* 
recovery of- manganese from still 
liquors, and lieiicc indirectly a mctliod 
for making clilorinc. 

White Arsenic or Arsenic— Arsenic 
oxide (AstD|). 

White Lead — Basic carbonate of lead. 

YEAST — A vegetable (organised) 
ferment ^Idcli is capable of convert- 
ing sugar Intx) alcohol. 

ZINC WHITE- Zinc oxide (ZuO). 
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HISTORY A FIGHT FOR THE WORLD’S CROWN 

30 France in the Middle Ages—contimied. Medieval It^ly. The Stnigfgfle befween 

from Emperor. The Rise and Fall of Rienzi. A Great Period of Art 


By JUSTIN McCarthy 


IN 1590 Henry won a victory over the Leaguers, 
* under the Duke of Mayenne, at the famous 
battle of Ivry, and in 1593 succeeded to the 
throne, having in July of that year professed 
himself a Catholic, the profession being celebrated 
with great pomp at St. Denis. In 1598 a peace 
was concluded Mwecn France and Spain, wlio 
had been at war for a long time, and in the same 
ear Henry signed the famous Edict of Nantes, 
y which he secured to the Protestants liberty 
of conscience and equal treatment by the law 

The Famous Henry of Navarre. 
Henry had already proved himself one of the 
great warrior princes of France, and he now 
showed that he had liigh qualities for civil 
government. Wlien he came to the throne, the 
landed aristocraey managed the affairs of the 
provinces according to their personal will and 
after the most arbitrary fashion as regarded the 
imposition of taxes and compulsory service. 
Henry threv his heart into these questions, and 
accomplished many splendid reforms. He insti- 
tuted also a system of road-making, by which he 
opened up all parts of his kingdom to business 
enterprise and traffic, and thus developed industry 
and prosperity throughout France. 

In his great work of reform Henry was well 
supported by his minister, Maximi Ilian, Duke of 
Sully. Sully had accompanied Henry in his 
flight from the French Court ; had gone with 
liim afterwards into his wars : had proved 
himself a brilliant soldier, and helped to win 
victofv at Ivry, and other battles. Sully set 
himself at once to repair the ruined flnancial 
system of the State. Within ten years he 
reduced the National Debt to less than one- 
sixth of what it represented when he took charge 
of the national exchequer. During his time, he 
raised tlie revenue of the State to more than 
double its annual amount, while he took care 
that the navy and war departments were put 
into a satisfactory working condition. The 
great reign of Henry came to an end on the 
14th of May, 1610. He was murdered by a 
man named Fran 9 ois Ravaillae, who had been a 
schoolmaster, had become bankrupt, and, after 
long imprisonment, had joined a monastic order. 
It is believed that Ravaillae was driven by 
fanaticism to kill the sovereign who was giving 
religious liberty to his subjects. It has been well 
said by a French historian that Henry was the 
greatest, and, above all, the most essentially 
French of all the sovereigns of France. 

International Arbitration, Among 
some of his projects was the idea, revived at 
intervals since his time, of a confederation of 
Enro^an states, at which all international 
questions should lie settled by inquiiy and 
arbitration, without an appeal to arms. Like 
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many other great soldiers, he was at heart a 
lover of peace, and was filled with a conviction 
that an international tribunal could be formed 
by whose careful consideration and judicious 
decisions reason and equity could bo made to 
triumph, withoiit the uncertain services of the 
sword. 

ITALY 

Italy remained for centuries in a condition of 
almost ineeusant civil war among a number of 
rival states such as Rome, Venice, Milan, Naples, 
Sicily, and others — when the Italians were 
not engaged in endeavouring to repel invaders 
from their own shores 

In 800. Pepin, the son of Charlemagne, was. 
crowned Emperor of the Romans, and another 
descendant of Charlemagne, Louis II . came to 
the aid of Pope Leo IV. against the Saracens, 
and, for a time, checked their progress. Eight 
kings of the Carlovingian line were aeknow ledgetl 
in Northern Italy, but their rule ended in 887, and 
they were followed by ten Italian kings— kings 
in name, at least — dukes of different parts of 
Italy. In 961, Bcrengar II. was deposed, and 
Otto of Saxony was crowned King of Iti^ at- 
Milan and Emperor of Rome at Rome From 
that time the CVown of the Roman Empire', later 
called the Holy Roman Empire, was claimed 
by the sovereigns of Germany for many centuries 

During all these long struggles Rome had 
continued to be the seal of the Papal power; 
but even the power of the Popes had not been 
able to secure the great city as their permanent 
place of residence during the whole of the Middle 
Ages, for in 1307 the Papal Chair had to be 
removed to Avignon, in France, where it remained 
until 1370, when it was restored to Rome by 
Pope Gregory XI. 

The Papal Fight for Temporal Power. 

Throughout the Italy of the Middle Ages two 
great forces dominate, forces which, in the eyes 
of the idealists of the time should unite to govern 
the world, forces which, as a matter of fact, 
were mostly set in steady opposition. These 
two forces were the Pope and the Emperor. The 
heir of Peter and the heir of Caesar strove for the 
world’s crown instead of, guarding it with the 
sword and the keys. The conflict of these great 
chiefs split all Italy into two great factions, they 
themselves afterwards subdividing by different 
political and local causes in very bewildering 
fashion. The struggle of the Guelphs and the 
Ghibellines contributes much to the most fas- 
cinating history of mediaeval Italy. Though the 
names of the two factions are now always 
associated with Italy, they had their origin io 
Germany. That country, steadily conquering 
portion after portion of the Roman Empire, 
gave to subjugated Europe an aristocracy of 
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German names, and gave to Italy besides the 
names of the two great parties whose feud rent 
every Italian city and divided many an Italian 
household 

The wars of the Two Factions. 

Otto of Freising, vTiting of the middle of the 
twelfth century says, “Up to the present time 
two families have lieen famous in the Roman 
Empire, about the parts where Gaul and Germany 
meet — the Henries of Waiblingon and the 
Welfs of Altdorf.” The name of the little to-wii 
of Waiblingen and of the family of Welfs were 
Italianised into the forms we now know as 
Ghibolline and Guelph. Through the perplexing 
and intricate history of mediaeval Italy, with its 
many independent cities and little principalities 
all warring one with another, these two 
names of faction arc ever to the front. It 
is not easy to estimate precisely what the 
two terms signify. Speaking roughly, the 
Ghibellines stood for stern authority and the 
Guelphs for popular liberty ; but the exact signiK- 
eance of the terms varied under varying condi- 
tions. Broadly, the Ghibellines were the party 
of the Emperor, and the Guelphs the party of the 
Pope A hostility that dawned with the expedi- 
tion of Frederick Barbarossa against Italy m 
1154 persisted through the ages, and its influ- 
ence is perhaps not yet altogether extinct. 

While Pope Innocent ITT. A\as giving the 
lav to every kingdom of Eurojie ; while 
the Emperor Frederick II. vas the most 
brilliant figur(‘ in his brilliant Court, and was 
( oming under the excommunication of Guelphu* 
pope after Guelphic pope ; vhilc from Frede 
nek's death in I25d to 1309 no Emperor was 
recognised in Italy, the Guelphs and tlic Ghibel- 
lincs continued to rage against each other. 

The Dream of Rienxi. During the years 
when the Papal seat was at Avignon was seen 
the rise and fall of Cola de Rienzi. This remark- 
able man was born ot humble parents, in 1313, 
but was from his ehildliood an eager student 
of the great Latin Classics, and he became tilled 
with a passionate desire to restore the Roman 
people to their ancient position of independence 
and glory He found Rome suffering under an 
aristocratic rule during the intervals of its inva- 
sions and captures by foreign ])overs. The death 
of his brother by the wanton act of a noble, and 
the knowledge that he could obtain no redress, 
gave a sudden stimulus to his revolt against 
the power of the nobles. In 1347 he succeeded 
in inducing the citizens of Rome to rise against 
the aristocratic Senate. The Senatorial rule 
was for the time completely overthrown, and 
Rienzi was made Tribune, a position which 
w 08 practically that of Dictator. He endeavoured 
to bring about the realisation of that dream which 
w'as yet to remain a dream for some centuries — 
the unity of Italy, with Rome for its centre of 
government. 

He prevailed upon the other states of Italy 
to send delegates to Rome to consult on measures 
for the construction of a great Italian confedera- 
tion. The scheme w^as received wdth enthu- 
siasm, and on August 1st, 1347, tw'o hundred 
deputies assembled in the Lateran (’hurch, and 


Rienzi was crowned Tribune of the now' Federa- 
tion on April 15th. But the delegates, like Rienzi 
himself, had been carried away by (mthusiasm, 
and hod not estimated the immense power of the 
aristocrats. Rienzi defeated the nobles in a 
bloody battle in November, but, fllled with the 
pride of victory, he tried to enforce obedience, 
and became unpopular. The Pope declared 
against him, and after only seven months of 
hiH exalted position the bright dream faded, and 
the Tribune had to seek refuge in Naples, 
where ho remained for two years hauling a life 
ot religious seclusion. 

A Failure duo to Succeas. He tlicn 
determined to go back to Rome and continue his 
efforts for the overthrow of the nobles. He 
first wont to Prague to ask the support of tht‘ 
Emperor Charles IV^, but was sent by him as 
a prisoner to Pope (Moment VI. By the inler- 
(cssion of Petrarch he was released, and the 
new Pope, Innocent VI., who had succeeded, 
wishing to crush the nobles, sent Rienzi to Rome 
with Cardinal Albormoz. Now might have come 
the triumphal hour of the p(‘oi)lt*'s Tribune. 
But Rienzi seems to have been carried away, 
for the first time, by ))ersonal ambition, and his 
second success led him into the desire to win for 
himself a supremt* position. He formed a body 
of soldiers into a guard of his own, and headed 
a procession into Home in August, 1354 His 
general bearing seems to have convinced a larg<' 
numlx^r of Romans that he was an ambitious 
self-seeker rather than a devoted patriot; whore 
he was once adort'd lit* was now detested, and 
in a sudden burst of fury a numb(»r of th<' 
populace suriounded his house and put him to 
death. 

The career which had opened so brilliantly 
came to this ghastly end on Octolier 8th, 1354, 
w^hen Rienzi had hardly passed his prime. Thert‘ 
can l)c no question that ho was a man of gr<*at 
ability and force of eharaeter, and that he had 
then dreamed a dream for that unity of Italy 
which has in our days become a living reality. 
In 1370, Gregory XI restored the Papal throne 
to its place in Rome. 

The Times of Dante* The years at 
which we liave been taking a rapid glance form a 
])eriod during which some of thij greati^st names 
m Italian art and letters eami* into their full 
lustre. Dant<‘ Allighieri, one of the great poets 
of all time, was born in Florence, in 1205. In 
1289 he took part in the battle of Cainpaldino, 
but he seems soon to have given up military life 
for politics, in which he sided with the (jluelph 
party. When that party latiT became divided 
into Blacks and Whites, his sympathies wen* 
with the Whites, or more moderate Guelphs. 
When the Blacks triumphed, Dante and others — 
among them th(‘ father of Petrarch— were 
exiled from Florence, in 1302. Dante went first 
to Verona, then to other parts of Italy, and, it is 
said, to Paris, and finally to Ravenna, where ho 
died on September 4th, 1321, and was buried 
by his friend Guido. Of his many works those 
h^t knowm to English readers are the “ Divine 
Commedia ” and the “ Vita Nuova,” which tells 
of his love for Beatrice. 
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Potrarch, another gi’cat Italian poet, was bom 
in Arezzo, in 13b4. He lived for many years al 
Vaiioloiise, near A\ij?non, during the years when 
the Papacy was (“stablislied at Avignon, nn<l it 
was there that he first met the Laura to whom 
his famous sonnets are addressed. He died 
in Italy — at Arqua — in 1374. There were other 
great names in literature and, of course, very 
many in painting and sculpture, which aroR<' in 
Jtaly during sueeoeding generations, but those 
of l)ant(' and Petrarch will vindicate the claims 
of the Italy of the Middle Ages to rank with the 
Jtaly of the days of Virgil and Horace. 

Italy under Five Rulers. The history 
»if Italy now lK*(‘()ines for a long timt' a 
narrative* of the struggles between rival rulers 
and families at honu* for the possession of 
Italian regions which had lK*en lost, or for 
further conquests. The Italian peninsula \\Sb< 
divided among five ditt'erent ruh'i’s 'Fhe 
Kingdom of Naples, tin* Duchy of Milan, the 
Pepublies of Plorencc and Venice, and th<* 
Papa<‘\ at Home held the count ly as inde|X‘n- 
dent ])ow<*rs. The states were*, however, not 
held continuously by the same line of rulers, tor 
there were frequent changes of masters. Venice* 
was ruled for the most part by a hereditary 
(rrand (Vnineil, and her long contest with (ienoa 
to beeoim* the ruling power of the Mediterranean 
had end<*d in success for Venice. The Kmperor 
(1iarl(*s V. of (Tcrmany, and Francis 1. of France, 
rivals in their efforts for power in Jtaly, ke])t tlu* 
country long distracted. 

The Sack of Home. Francis regain<*d 
])oss(*sHion of Milan in 1515. but some years 
after the Jilmperor was again sneeessfiii ; m 
1524 h<' drov(* th<* Frencli forces out of Italy, 
and during the long struggh* the French King 
was actually taken prisoner at Pavia. The 
sack of Hoim* by an army made iifi chiefly of 
Lutherans and Spaniards, fighting for the 
Kmperor, and the foreign occupation of Ponu*, 
lasted for several months, and distracted tlie great 
hist(xrie city by sneeessive and horrible scenes. 

'Phe family of the Borgias, Avliieh Avas one 
of the most ])owerful in mediievaJ Jtaly, eam«* 
originally from Spain. Alfonso de Borgia, 
a bishop, accompanied .Mfonso of Aragon, Avhose 


ftecretary he was, to Naples. I.iat or on he was 
chosen as Pope. AAuth the title of (Villixus JJT. 
His nephcAv Rodrigo became Pope in 1492, as 
Alexander VI. Before he ascended fhe Papal 
chair he AA^as the father of many childr(*n, of 
whom CJaesar, his fourth child, and Lucrezia, 
his fifth, Avere the most famous. Pa^sar Borgia 
AA^as born in 1476 and died in 1507. His activ(' 
lite lasted only about four years. His ambition 
Avas to reconstruct a Kingdom of Central Italy, 
ot AA^hicb he should lie tin* head; and it seemed 
for a time as if he would succeed. But the death 
of his father in 1503— it Avas bt*licvpd by poison 
— was fatal to Ca*Har‘s plans. Pope Pius 111. 
Auis succeeded by a great enemy of Caesar’s - 
Pope Julius. 

(^aesar Avas imprisont*d in 1504, but escaped tAAo 
y<‘ars later, an<l went to Navarre, where ho AA^as 
killed AAhilo in command of th<* Royal forces in 
tin* following year at the a.ge of thirty. About 
him AA’^as written Machia \ elli's famous “ Principe.*’ 
He AA^ a lovei of art and l(*tt(*rH, and the patron 
of Lionardo da Vinci. 

The Medicis. During tin* fifteenth centiirv 
tin* family of the Medici had becomes practically 
thi* riil(*rs of Tn.scnny. With Cosimo de M(*dici 
(1389-1464) l)eg*in the glorious epoch oi tie* 
family. Ht* obtained for Florence, AA^hich aa^is 
still — at least nominally — a Republic, a tcni 
porary safety from iiiA^nsion and something lik(* 
peac<* from civil strife. He devoted much of his 
time and wealtli to the (*neoiiragement of lett«*rs 
and art ; lie adornt*(l the (‘ity Avith magnificent 
buildings, and estal>lish(*d soim* great librari(*s. 
He AA’as the grandfather ot the famous Loren/o 
d<* Medici, called “ The Magnificent,” most 
famous as the patron of Michelangelo. 

a younger branch of the family belong('d 
the next important ruler of Florence, Cosi mo T., 
Avli(» at one time onjoy(*d thf* distinction of 
tin* title ot “The Creat.” Cosimo had much 
ability, (‘nergy, and stat<*smanlike capacity, 
and had inln*rifcd tin* Ioat for literature and arl 
of some of his jiredecessors. He was, on the 
wlmle, a just ruler, though in his personal dis- 
likes he Avns se\’(*re and eaprieious. He aabs 
made* CJrand Duke of TiiseauA in 1570, and was 
<TOAAmed by Pius V. He di<*d four years later. 


CcfUinued 
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MACHINE DETAILS 

Group 8 

DRAWING 

• Cams. Spindles. Thrust Bearings. Footstep Bearings. 

SO 

Bali Bearings. Roller Bearings. Detail Sketches 

milNKAI imAWINti 
ouiit 1)1110(1 Iniiii 


By JOSEPH W. HORNER 


Cams. After the detail drawing of the frame 
of a machine has been comijleted, the minor 
details are dra\ni out on separate sheets as 
previously explained. Fig. 141 illustrates a 
working detail drawing of the earns of an auto- 
matie serew machine. Tlu' vieus shown com- 
prise a separate detail of each cam and a general 
lay-out of the cams upon the drum which carries 
them. The drum is cireulai , but its peripheiy is 
developed in order to figure thereon the exat't 
measurement for spacing the cams. The turr<‘t 
of the automatic machine described on page 
3632 in Mkchanical ENGiNEERrN(» is controlled 
by a scries of cams somewhat similar to those we 
now illustrate in 141. The cams are of tem])ered 
spring steel, and are secured to the drum by 
means of |-in. screws ; the wwking face ot (‘ach 
tarn has a bevelled edge aiTanged so that th<‘ 
turret roller may clear the face of the drum and 
yet have comph*te contact with the cam The 
drum IS 30 in. diameter, the length of its peiipheiy 
or cireumferenc(' is therefore 94’248 in. Tin* 
width of the drum is 10 in., which allows foi a 
total travel of the turret of in. A line maikt^d 
zero IS the base from which all measurements are 


rexolution ; the slow speed is used w^hile a screw' 
is being actually machined, th{‘ other cutting 
opei ations being pei formed, at fast speed. All the 
return f(*(‘d cams, to Ih5, are set at an angle of 
63 dog. foi quick return, wdiile some of the forward 
feed cams, U in particular, have a veiy much 
smaller angle, and consequently feed considerably 
slower ; in fact, the angle of the cam is designed 
to suit the rate of feed, and this is determined 
by the nature of the work to be done by tlu' 
active tool in the turret The duty of each cam 
is stated on the general lay-out. The illustration 
[141] is reproduced from an actual w'orking 
drawing supplitd by Messrs. Alfred Herbert, Ltd., 
C*o\ entry. 

Heart-shaped Cam. The earns in tlu^ 
preceding exam]>le arc single acting —that is, 
they do not scqiarately complete the r(*ciproenl 
movement of the turret In many mechanisms it 
IS essential that n single cam shall complete a 
toiward and backward stroke, when it takes the 
foiin of a revolving plate })roperly shaped to 
give the requiri'd moviummt. Fig. 140 show^s a 
h(‘ait slinpcd cam, designed to give a uniform 
reeipiocating motion to n vertical rod To maik 


taken when spacing the cams around the drum 
The cams marked H, J, L, M, and K arc* used foi 
feeding the turret forward for various opciatioiis, 
while the cams marked Bl, B2, 

B3, B4, and BH return the turret 
from the operations. The cam , ^ 

marked N givc^ only a par- ^ 

tial return feed, and the 

turret is stationary from 'AX- 

the time cam N leaves 

it until cam B5 catches • V ^ U 

the turret roller to / / 
complete the return ^ ^ 

feed. This pc'riod is Vj 

taken up by the cut- / , / 1 / U'f \ 

ting off of the 

finished screw from III VH-juJ '"'V 

the stock bar in the . i . I . f I , , ,n /'] / 

chuck. There is a ^ I , H 
somewhat similar I ' / i . iivJ-dnT \ 
period of rest be- 

tween cam M and / 

cam B4, which is / I 

taken up by the 

forming tool coming \ v y v ^ ^ 

into action and retiring. \ 

The speed of the 
turret is governed by the 
speed of the drum and the ^ 
angle of the particular cam ■ " 

in engagement. Tlie S|^*d of the 
drum is varied automatically from ^ 
fast to slow and vice versa by ex- 


it out piop(*i\v, we iiist consider the path to b( 
tiac(*d by the centre of the’ roller which is on the* 
lod Draw circles for the* shaft and the boss ol 




! 'll 






m 

hUNhi 


Ai'/M, 








temal means as required during the 


140. HEART-SHAPED CAM 
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the cam, lay off the thick- 
ness oi the cam rim above 
the boss, which thieknesh 
may be one-quartei>the dia- 
meb^r of the shaft, and tlien 
describe the i oiler and its rod. 
The stroke or travel ot the 
rod A B is measured oft and 
divided into any given num- 
ber of parts (say 10), dott(‘d 
circles are diawn through 
these points, as shown, using 
the shaft centre as a common 
centre ; then divide the cii - 
<*umferciicc of the outer ciicie 
into 32 equal pai'ts, a, c, 
(‘tc., and draw radial lines to 
the centre. The theoretical 
curve of the cam passes 
through the mtei sections ot 
Ir/, 26, 3r, 4d, Tic, and so forth, 
such a cuive being the triit* 
]»cith ol the 1 oiler centre. To 
obtain th(‘ actual outline of 
the c.ini, a series ot arcs aie 
striK k tiom the intersections, 
the radii of th<‘ aics being the 
itidms ot the lolhs. A hiu* 
toiuhing all tlu‘se arcs and 
having a smooth cuivc is tlu* 
outline r(*quired 

Small cams <irc fiequently 
li)im«‘d from flat sheets ot 
metal, but huge ones aie 
made with lims and ribs as 
140 The outlines ol earns can 
be varied to givi‘ variabh* 
speeds, ot rest, slow 

speeds, and (|uKk return 
motions, etc In 
machhiutf cams are oft(‘n 
iis(‘d to lift a weight, which 
drojis fieely when the aj>c\ 
ot the cam leaves it. In 
such cases the cam has no 
return face. 

Spindles. Spindles^ arc 
sm ill shafts, used in machine 
tools and light machinery 
'Phey are generally short, 
and have special provision 
lor adjustment and lubii- 
cation. Fig. 142 shows a 
hpin 41 e as fitted to a lathe 
headstock. The front end, A, 
is screwed to receive the face- 
plate, and a collar, B, is msde 
part of the spindle in ord^r 
to stop the faceplate always 
in the same jiosition. M’hc 
eonod nocks in the two tiont 
bearings are arranged so that 
when wear takes place the 
nocks may Ixi drawn info the 
bearings and the slacktu'ss 
taken up without lowering 
th(' centre of the spindle, 
^riic back lock nuts, (\ arc for 
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143. lathi: spindle with tuuist 

COLLARS 


drawing the spindle into the bearings ; the back bearing togetlv 

cone is smaller than the front cone so as to pass w’ire L kc^eps 

through the front bearing. The third bearing not necessary 

carries ^ stop pin, D, the function of which is to cup K in plac 

prevent the conical parts from , 

jammingin the bearings when ^ , c_rt^ ,rln, * 

end thrust occurs. It is fitted -MIt IM b ll 

with adjusting nuts, E. The 1 

taper of the cones may b(‘ V. | lU 

from 1 in 4 to 1 in 0, measured 

on the diameter. 

Another spindle is indicated 

in 148, where end thrust is r “ H '"" pj — “jAl 

taken in a thrust hem in>j. A I | if ~ --^^1 

number of collars are turned 

on the spindle to lit into a 143. lathe spindle with thui’s 
corresponding number of re> r collars 

cesses in the back bearing ; 

both the front and the back bearings arc divided hi'/cH of the me 
and fitted with caps, so that adjustment can be Footstep 1 
made for wear The bearings an* parallel, and bearing is shov 
lock nuts. A, are proAuded for the jmrpose of 
taking up wear on tlie laces of the tliiust collars. #— H' i J 

This is a common J y 

form of spindle on „ \ 

heavy latlu'S \vlu*n‘ ^ j * — K ^ 

the end thrust is v r> i I \ 

considerable. 1 

Thrust Bear- Q. ^ " 1^ H ^ ^ 

ings. The most __\f7 W 

efficient thrust is /a ^ 

that made with ^ 

steel balls, for in ' F 

such construction 144 ball-tiirt^st footstep bkarino 
rolling motion ^^5 

takes the place of sliding friction. Fig. 144 j 

illustrates a ball-thrust liearing arraugt'd at 
the bottom end of a vertical spindle Tins metal bush T) 

is made by the Hoffmann Manufacturing Co , support to th 

Chelmsford. The construction is simple and ket*ps the bush 
entirely self-contained ; the . 

baseplate F can be made to j 71 

suit any machine, or it may nrM i 1 J ^ 

be part of a inachme. The I |lJ wl " 

ball thrust jiroper is com- . ij ' ^ 

posed of an outer cast-iron j I d if 

casing, 0, recessed into the ^ — 4y ^ 

baseplate F ; a cone or float- \ T .J} Ij J 

ing disc, H, w'liich auto- p ^ ^ ^ 1 b ^ ’ 

matically adjusts itself in Li^ > ^ ^ ^ ^ - - - .*1 'r 

its seating and so ensures I '-f' 

an equal load upon all the 

balls; a ring of balls held ^ 

in a retaining cage, I, a // / ^---1 7 \ 

hardened steel cup, K, and / / I \ \\ ^ 

a retaining wire. L. There- j ff/ \ 

tabling cage I prevents any - [ H — C | l ^ O 

friction betwi»on the balls U Vj / j Jj ^ 

themselves ; it is so designed \ - y ^ 

as to float upon the balls, 1 77 ^ ^ 

and therefore it does not ‘ V "\| - 

bear upon either the cup 

K, the cone H, the casing { 

G, or upon the spindle 14 $, plain footstep bearing 

itself to cause friction. The 

retaining cage also enables the complete ring fitted with a ci 
of balls to bo handled without the balls falling revolving by a 
out, a great convenience when putting a and spindle. 


bearing together or dismantling. The retaining 
w’ire L kc^eps all the parts together. It is 
not necessary to key either the cone H or the 
cup K in place, as the friction betw^cen them 
and the balls is so slight that 
the friction between them and 

rv^L^n|_ ample to prevent 

rotation. The steel balls are 

Ijy “Hoffmann balls,” and are 

I.K ^MTU ( ONKS fWf t'-'-d I** "'itliin on.. 

ten -thousandth part of an 
inch of standard, both as to 

Z — ffW ^q spherity and size. Those 

— iM'^-rings do not provide for 

^ Bide support of Inc spindle, 
iE with thui’st but only for end thrust ; they 

iRs are made in heavy, medium, 

and light typ(*.s. A table ot 
si/k*s of the medium type is given on page 4327. 

Footstep Bearing. An ordinary footstep 
bearing IS showm in 146, w'hirh provicu'sfor end 
I thrust and also for 


rn 

1 I 


1 ol 



1 '' 

\ V 

V' \ 

ki . ,vl 

^ ys .7 


. - j ^ 




146 . PL41M FOOTSTer BEARING 


I — 1 r l support of 

( Li^ y S spindle, but 

^ \ fir 1 B I Is so efficient 

‘ L ' ' I J as the previous 

^ I / j I 1 C e X a m p 1 e . The 

I ' I j ( thrust is taken 

— H — 1^11^ ^ upon a concave 

] MjJa® steel disc, A, laid 

upon the bast*- 
I j plate H, and kept 

LLI from turning by 

RING I Hh* pin C ; th<* 

145 «Ai,i.-Timi-sT A is kppi in 

WASHEiis **- t^i*ntral position 

by the g u n - 
metal bush T), which bush also gives sidi* 
support to the spindle ; the set seri'w K 
ket*ps the bush from turning. 

Ball - thrust 

71 Washers. A common 

device to take end thrust 
|lJw j " on light spindles is to have 

A ' ^ several w^ashers arranged 

^1 jr between the end bearing 

— 4 y ^ ®’ collar on tlu* 

7* whaft. A better methoil 

g A ’ 7 , ’ ^ i j** iIluHtrat(*d in 145, which 

shows an application of 
two Hoffmann ball-lhrust 
_ w^ashers to thi* feed screw 

'x /[' " J of a latlie slide. The ring 

\ ^,^77 of balls is held in a le- 

\ ^ ^ taining cage as in 144 ; 

y \ \ 'V hardened st(*el washers an* 

I ^ i ^ iR provided for the balls to 

/ j jj run between; those bear- 

^ y / h ings are made with a 

^ /r '^1 hole five-thousandths of an 

^ \j ^ largiT than standard, 

J so as to allow the spindle 

to revolve freely insid<* 

•STEP BEARING washer. The end of 

the spindle is screw'ed and 
fitted with a circular nut, which is kept f;:om 
revolving by a pin passing through both nut 
and spindle. 
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147 FC( FNTRIC ROLLER BE VRIVC (H' itt Roll r Beat in_ to Ltd) 




HOFFMANN THRUST 

BEARINGS— 

MEDIUM 

TYPE 





Sizes . . . . in. 

i 

i 

1 

n 

4 

4 

n 

2 

2i 

2i 

3 

3i 

4 


5 

6 

Size of balls . . in. 


A' 


i 


i 

0 

10 

i 

i 

7 

H 

1 

4 

4 

4 

4 

2 

Number of balls . . 

8 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

H’ght of bear'gs A. in. 

u 

iil! 



Iji, 

4 

4 

in 

2 

2f„ 

n 

3 

3t 


41 

5i 

Outside diam. B. in. 

u 

2 

2i 

2| 

n 

3 

3.1 



si 

0 


n 

9 

10 i 

12 

Boro of case C. in. 

1 


lA 

4 


2 

1 2/i, 

n 

3 

m 

4 


Si 

0 

OJ 

8 

Shaft diameter D. in. 

s 

1 

1 

' ® 1 

‘1 

4 

14 

2 


2J 

3 


4 

1 


r> 

6 


|, HOFFMANN BALL - BF.ARINI 

; hub- 

HEAVY 

TYPE 


n 

Size of Bearings 



4 

4 

^ i‘!i 

4 

2 

2] 

2J 

Diam. of large journal balls 


.. 

1 

8 



i 

1 

4 

,, ,, small 


. , 


k 

vii 

1 

2 

1 

1 


„ „ thrust bails (2 rows) . . 




4 

1*1» 

i 

2 

1 

1 


Number of balls in each row 



10 

10 

10 

10 

10 

10 

1 

0 

Diam. of flange 

A. 

in. 

61 

4 

4 

8J 

n 

11 

L 

1 

„ „ axle, small end . . 

B. 

in. 

? 

7 

H 


I.-.". 

1.'!. 

4 

L 


,, „ larg*' end . . 

(\ 

in. 

4 

4 

It'!. 

4 

2 

22 

2 


„ „ „ body 

1). 

in. 

4 

1? 

4 

2 

2i 

2J 

2 

\ 

,, ,, end of housing . . 

K. 

in. 


4} 


5 

6 

H 

7t 


,, „ body „ 

F. 

in. 


n 

^i"' 

r>2 

o| 

7 


,, ,, taper „ 

G. 

in. 



4i! 

nj 


7. 

t 

Degrees of taper on shaft 

11. 


4 

4" 

4^ 

4“ 

4° 

4‘^ 

4 


End of cone to end of housing . . 

J. 

in. 


Al! 

1 I 

l'(l 

i 

i'll 



Length of taper inside cone 

K. 

in. 

oi T 
-i a 


1 

4[ 



6 

: 

„ „ straight part inside eone 

L. 

in. 

;i;i 

1 

u'l 

•j'l 

U4 

I •; 

u 1 


<"■1 


End of cone to inside of grease cap 

M. 

in. 

I'M 



4? 

M' 

n 

l! 


Undercut width between flanges 

N. 

in. 

11,! 



4 

4 

2i 

2, 


Thickness of flange 

(). 

in. 

1 “ 

1 

1 

j 

1 

A 

1 <> 


A 



Inside edge of flange to (‘dge of taper 

l\ 

in 

u 

..1 

1 

1 

4'« 

l| 



Inside flange over end of housing 

Q. 

in. 

4l 

i|i' 

liV, 

1.4’ 

i:-;!! 

21 

2.1 


W'idth botwwi flanges . . 

R. 

in. 

4 

1.1 

li 

4 

12 

2 

2 


Overall length 

T. 

in. 

4,‘ 


DJ 

62 

71 

84 

8i 



HSbl!’‘’“5Sd HOFFMANN BAI 

example of a toll 

bearing which takes 

both end pressure . , , ,, 

and joumil pres- Diam. of large journal tolh 

sure is shown in *' small „ 

148 . It if. known ^ thnw balla (2 iw 

as the Hoffmann Number of balls m each iw 
patent hall-hearing Dmm. of flange . . 

Lh, and is specially •• '> • • 

designed for motor- • • 

cars and vehicle ” ” *’ * , . 

wheels of all kinds. lioiusing . . 

Tliere are four rows *’ •» nody »> 

of balls in each ^ , ; • 

hub: the two outer 

journal lof^ whiUt of taper inside eone 

the two inner rows „ 'J - •* stf^'ght part ms. 
take end thrust in of eone te mside of gre« 

either direction. Undercut width between lh, 
The load is taken Thickness of flange . 

in each case at right Inside edge of flange to eilge 

aiiglestothe axi^if "f 

rotation of the ball, ^-dth between flanges .. 
and a perfect rolling Overall length .. 
action is attained 

with a consequent minimum of friction. The 
cone piece is of hardened steel ground out 
internally to a taper which fits the axle and is 
held on by a nut and pin in the usual manner. 
When this nut is removed, the wheel, with the 
bearing complete, can be taken otT the axle. 
The removal of the wheel with bearing does not 
interfere in any way with the adjustment ot 
the ball bearings. When it is required to dis- 

r _ 9 H mantle 

, the Ikw- 

ing. It 
is done 
easily by 
— ■ unscrew - 
I ing t h e 
I disc nut 
]"1 Wat the 
-Jf 4 inner end 
I c) f the 
hub, and 
w i t h - 
i drawing 
the bear- 
ing from 

J that end. 

The balls 

' 148 . BALL-BEABiNO HUB are held 



in retaining cagt‘S and do not fall out when tlic 
bearing is taken to pieces. Leather washers an* 
fitted to tlie disc nut in order to (*xclude dust. 
A table is giv'-en on this page' showing the h*ad- 
ing dimensions of the heavy ty])('. They an* 
also matle in mi'diiim and light types. 

The use of ball bearings as a means of reducing 
friction between moving paits has wide applic'a- 
tions apart from the examples given, but the 
principles of design and construction do not 
materially alter. 

Roller Bearings. Another anti-friction 
appliance is the roller bearing, the und(‘rlying 
principle of which is identical with th(5 ball 
iM'aring — that is, the substitution of rolling 
friction for sliding friction. Hearings are made 
having solid rolli'rs interposed between the shaft 
and its seating ; such bearings when properly 
designed are a great improvement on plain 
hearings having sliding friction, but they are not 
perfect. To obtain the best efficiency and the 
longest life out of a roller hearing the rollers 
must be flexible, so as to prc'sent even bearing 
surface along their entire length. The irregu- 
larities incidental to the running of shafting and 
axles prevent the uniform distribution of load 
over the full length of the bearing, resulting in 
unequal wear and distortion of the ronors 
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149. WAdCION KOTJ.nFt BK\HIN(J (Ifuid HolUi Jic.iiiiu C<) , ) 


wKon lliev arc made solid, and consequently strap (\ The lollern lie between the sleeves and aie 

rigid. Theie are several metliods of making kept in place by a retaining cage, which holds 

I oilers flexible, one of the best of which is adopted them in such a way as not to restrict their 

in the Hyatt ffxihle toller. This roller is made operation but simply to prevent them from getting 

from Ji stiip oi steel wound into a coil or spring too far out of line. The split sleeves are shown 

of uniform diameter ; it is a])plicable to all in detail, and they are kept from turning by 

speeds and loads, and can be made of thin pins as indicated in the general views. The 

material for light loads and high speeds, and of strap is in halves to facilitate removal, and it 

thicker material for heavy loads and sloi\ has bronstc end-plates fitted. Tlu‘ bearing is 

speeds. The roller acts as an oil reservoir and kept flooded with oil. 

the spiral grooves as oil carriers. If dirt or other Waggon Bearing. A unique yet entirely 
foreign matlei- get into the bearing it is squeezed successful application of the Hyatt roller is givcii 

into the inside of the roller away from the bear- in 149, which is a copy of a working drawing, 

mg surfaces. Xt represents a waggon axle-box as made for tlu' 

Bccentric Bearing. Fig. 147 show't> an North Eastern Railway (^ompany. The journal 
application of the Hyatt flexible roller. It is a is 5 in. diameter and OJ in. long ; the end of the 

dra\>'ing of the eccentric bearing of a cotton gin. axle is reduced in diameter and a steel ring is 

I'he bearing is not concentric with the shaft, shrunk on in order to keep the sleeve in place, 

but the centres are | in. apart, which gives a The outer and inner sleeves are split and ground 

leeiprocal throw of in. to the socket A. true as in the ])reviou8 example ; the rollers are 
This inovement is virtually a cam action and kept in a retaining age. A bronze thrust block 

is earned out at the high speed of 1,000 revolu- is fittwl in the end cover of the lx)X, and also 

lions )x*r minnt<\ The oeeentric B has a split- an oiling ring to ensure the lubrication of the 

steel sleeve fit ted to it, this being ground to give thrust block. I’he external arrangement of the 

a true and hard bearing surface for the rolfcrs. box is nor4ual ; there is the usual d\iBt-guard at 

A similar slec^ve or lining is fitted inside the the inner end and the uhual formation of spring 
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W‘ai im Ibi' Thi* box has jj;roovt'H for d(»uhlo hm* ])ort*]Mi(ldlo wIkm'I damaged, and it is highly 
horn plates as shown. This hearing after lM*ing im{K)rtani that she should leave >\ith the next 
in use for a twelvt month is still in perfeet tide. Sk(‘toh(‘s jieeordingly art* made from 


eonditign. This elass 
of hearing is wid«‘iy 
used in a lighter form 
for small ears and 
mint* trucks, and very 
frecju(‘ntly in such 
east's the wheels are 
lt)(»st‘ on the axles and 
tjontain tin* roller 
hearing in their 
ht)sses. 

Swivel Bear* 



ing. («reat saving 150. 

in ])o\\er is t'tfeeted 

wht‘n rt»ller t)earings are aj)])lietl to line shafting. 
Fig. 150 illustrates the eoiistruetion of tine 
lifted to such a bearing as is sho\\n in 61 
on pagt* The const met ion is generally as 

the ])r(*e(»ding examples, hut the inner sleevt* 
is t>milti‘d. Small metal wi])ers are litted at 
each end to prevent oil IVoni ert'cping along 
tht* shaft, anti so getting tmtside of the liearing. 
Snell a htsiring is suitahle tor high s]><‘etl 
shafting. The scope of the Hyatt flexihit* 
roller is much wider than the examples 
givt*. Jn motor-ear vork alone it is ust'tl very 
t'xtensively. 

Sketches. Freehand sketeht's are made ft)i‘ 
sunjile details in order to avoid the timt* and 
lahtnir of making scale drawings. 'Phe sketch 
should show jii'tiportionately the tliHerent sizt's 



SWIVEL ROLLKR 

measurement of the hrokt'ii ])arts. and new on<‘s 
are manufaciurt'd tht'refrom in tin* shortest 
ptissihle time. Insufficient or inaeeuratt* in- 
formation on the sketch is a most serious matter. 

Duplicating Sketches. Sketches ari* 
also made to sn])plement working draw ings w'hen 
the latter are to Ik* us(‘d a second time in the shops 
hut an* not strictly correct in some d(*tail. For 
<‘xam]>le. a second machine may he recjuired 
to Im* made from a certain set ot draw ings, and 
im])rovem(*nts or modiHeations are desirahli* ; 
such alterations may not wan’ant tin* making 
of a fresh s(‘t of draw ings y(*t the w'orkmen must 
hav(* deiinite information to work to, and a record 
must he ke]>t of both machines. A <*onv(*nient 
jiroeedun* is to make sketches of the modifica- 
tions required, and to attach such sketelies 
to the drawing. 'Phe iffici* i(*cord is obtained 
by the simplt* proc(*ss of making the sketcJi 
with ordinary copying ink. and ]>ress copying into 
a hook just as one would copy a lett(*r. The 
reference on the bottom right-hand corner of 161 
indicates that the sketch is copied on page 3*2o 
of sketch-book No. II. 

Value of Sectional Paper. Sectional 
pajier, or ixiptr, as it is sometimes tei’ined, 

is of grc*at assistant* in making sketches to scale ; 
it can he obtained in various (pialities and rulings. 
A numlicr of vertical and horizontal intersecting 
lines are iirinted faintly uiHin the paper, tin* 
I'lTeet of which is to <-over it with a quantity of 
small sijuares draAvn to some* definite scale. 
By the hk* of this fiapt*!* fairly (‘lahorate sket(*he.s 
may he made to seale w'ithout the use of instru- 
ments. Such paficr is us(‘ful in many w'ays, 
one of which is the ])loUing ot lines and enrvi*s 
to show the fluctuation of factors or values ; the 


151. DETAIL SKI:T(‘H 

of the article depicted, hut it need not he made 
to scale. Fig. 151 shows a sketch made for a 
repair job. Considcrahh* ait and praetici* is 
required to make an intelligent sketch of this 
nature. It is necessary to give all the informa- 
tion required for the complete manufacture of 
the article. Many eases of reyiair are most urgent, 
and no time can be spared for a second visit 
to the scene of the breakdown if all particulars 
be not taken at first. In the ease illustrated 
[151] the ‘‘Onward” arrives in harbour with 


results of e.\j)eriim*nls, and tests may Ik* w'cn at a 
glam-c* when propei ly laid dowmon squared paper 
ill i1k» same manner as we see* the variations of a 
recording barometer. 

Anoth(‘r use for s(*etional jiaper is the con- 
struction of calculating ehai ts; these are list'd to 
facilitate calculations by eliminating U'dious 
arithmetic, ami th(*y are quite as useful to thi' 
draughtsman as is an ordinary slide rule. 'Phe 
strength of gear wheels, Ix'lts, columns, etc. 
can Im' plotted on a chart in such n way that 
any tw'o fiu tors lading given, the third may lie 
read directl}^ from the chart Avithout calculation. 


Continued 
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their Angles. Equality of Two Triangles. Isosceles Triangles 


By HERBERT J. ALLPORT, M.A. 


Proposition 2 , Theorem 

If two odicbcent angles he supplementary, the 
. exterior arms of the 
angles are in the 
samp straight line. 

Lot the adjacent 
angles CO A, DO A, 
be Hupplementary. 

”2) ih required to 
prove that CO and 


O 


DO are in the name fitraight line. 

Proof, It CO and 01) are not in the same 
straight line, produce (X) beyond 0 to any 
point P. Then 

i.8 COA, AOP aro supplementary {Prop, 1). 
But 


wS COA, AOD aro Hupplemeniary (Hyp.). 
*.AOP - ^AOD. ‘ 

the line OP must fall along the line OD. 
But OP in in the same straight line with CO. 
OD must also be in the same straight 
line with CO. 


Proposition 3. Theorem 

If two straight lines interseet, the vertically 
opposite angles are 
equal. 

Let AB, CD inter- ^ — 
sect at O. 

It is required to ^ 
prove that & 




(i.) ^DOA= LVOli. 
(ii.) lCOA ^ -DOB. 


Proof. 

DOA, COA aro supplernontary {Prop. 1). 
Lfi COB, COA are supplementary {Prop. 1). 

Z-S DOA and COB are equal. 

In a similar way it can be shown that - s COA, 
DOB aro equal 


TRIANGLES 


1. Beetiluieal figures are figures wliich aie 
bounded by .straight linos. 

A triangle is bounded by three straight lines ; 
a quadrilateral hy four ; and a polygon by more 
than four. 

A icctilineal figure is 
pquilate}al when it has all its sides equal, 
equiangular when it has all its angles equal, 
regular when it has all its sides equal and 
also all its angles equal. 

2. A trianglo is 

equilateral when all three sides are equal, 
isosceles when two sides are equal, 
scalene when all the sides are unequal, 
right^anfjled when one of its angles is a 
right angle, 
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ohiusp-angled when one of its angles is 
o)>tuse, 

acute-angled when all its angles arc acute. 

Note 1. Any angular point of « trianglo 
may be looked upon as the vertex of the triangle. 
The side opposite to this angle is then called the 
base. In the case of an isosceles triangle the 
intersection of the equal sides is generally 
taken as the vei tex. 

Note 2. In a right-angled triangle the side 
opposite to the right angle is called the hgpo- 
ienu'^e. 

Note .‘I The three sides and three angles of 
a Irinngle form the six parts of the triangle. 

Tvio triangles are said to he equal in all 
respeits^ or congiueni, when the six parts of the 
one are eriual respectively to the six jiaits of 
the other. 


Proposition 4. Theorem 


If hro t) tangles htvc tivo side,^ of the one equal,, 
lespecticelg^ to two sides of the other , and hare 

also the angles 
contained by 
these sides eq'ual 
to one another^ 
then the tri- 
L angles are equal 
^ in all resqyeots. 
Let ABC ami DEF be two triangles in which 



AB - DE 
At^ - DF 
z.BAC= Z.EDF. 


It is required to i)rove that the A ABO 
= A DEF in all respects. 

Proof. Place the A ABC on the A DEF so 
tliat the ])oint A falls on the point D, and the 
line AB falls along the line I)K. Then, since 
Ali — DE, the point B must fall on the point E. 

Also, since the L BAG = L EDF, the directions 
of their other arms must coincide ; so that AC 
falls along DF. And, because AC = DF, the 
point 0 must fall on the point F. 

Hence, wo have shown that the A ABC can 
be placed on the ADfiF so that the three 
angular points of the one coincide with the 
coiTcsponding angular points of the other, 
the A ABC = the A DEF in all respects, i.e, 
BC - EF 
lABC= ^DEF 
z.ACB= lBFE 
As are equal in area. 


Proposition 5. Theorem 

The angles at the base of an isosceles triangle 
are equal. 

Lot ABC be an isosceles Ay in which AB 
= AC. 






MATHBMATIOft 


A It is requii-fd to prove 

A t liat 

PriMif, Suppose Al> is tlic 
Htraiglit line which bisects 
the ^ HAC, and meets the 
base at I). 

Tlien, in the As HAD, 
( Al>, 

UA ^ ('A 

ADiseommoii tobotli As, 
included ». HAD = included ^('AD. 
Therefore, A HAD A t'AD in all respects 

I Pivp. 4]. 

Therefore, ^ A H( ' - _ A ( Tb 

J. If ihf‘ fiputl .s/d<».s <tf an /.vo.s<v*b'.s 
itiuHtflr <trr prtiihicod^ iho exhuinr mufh^ so 
formed are etpad. 

In the tijifure, z_<.‘HK - ^ Ht'F. 

For they are respectively the sup])lenients ot 
theecpial A1U\ A(M>. 

(\)roilanf 2 . -// </ hiaiajle is etfuUitho'td it is 

also etfoiaiafular. 

Proposition 6. Theorem 

If tint aofflr.'^ of a ieiantjte aiv eipad^ ttkv stdrs 
trlin’lf are oitfutsile to these aiajles are et/tad. 

^ Let AHF be a A, in which 

A .AIU^- ^ALH. 

It is reouire<l to pr<n(‘ that 

AC=AH. ' 

l*i’<KtJ. 11 AH is mtl e<jual to 
A(\ one of them must/ bti tin* 

• greater. Suppos<‘ AH> At \ and 
^ from HA cut otf HD e«jual to 

At\ .loin LD. 

Them in tl>e As AC^Ii, DHt^ 

AH - DH 

H(^ is common to liotli As 
included >.A(*H included «DH(J. 

A A(JH = A DHL in all respects (l^rop. *4). 
Hence the As are iM|ual in area, so that tin* 
])urt is e(|ual to the whole ; which is impossible. 

‘ AH and A(! cannot be uiuspial, so that 
AH --- AC\ 

N<»tk. 'J'he above method of ]>roof, which 
consists in showiiijj; that the proposition eamntt 
Ini untrue, is called Hedurtio ad Ahsurdum. 

t^orottarff. If a triaioflf is etjuiauffular it is 
also etmiUdend . 

Proposition 7. Theorem 

If the three sides of one triatafle are respeel i ret ij 
eijuat, to the thtee sifles of auother triamfte, the 

triamjtes are 
A D ei/ual ill alt 

y/y y/ \ respeets. 

X \ X \ T.et ABH, 

/ \ X \ I>1:F be two 

X ' "V A«. in >Hnch 

^ , AB-DK 

\ AC - DF 

''\ B(; = EK. 

^ It is required 

to prove that the A fit are equal in all respects. 


Prttof. Place the A ABO that the point 
H falls on the ])oint K, and the side BC falls 
alonj^ KF. Then, since BC KF, C must fall 
on F. 

IjoI the A A lie fall on the side of FF away 
fnaii the point D, (ilKF beinji^ the new' jM>sition 
of AB(^ .Inin Dt». 

Them since DK - (tF, 

_FtiD - ^FDt; I Prop, bj; 
and since DF (IF, 

^F(iD ^ KDC \rrop, 5]. 
whole _ FDF wliole LtH^\ i.e., _ BA(b 
lienee, in As .\BC. DFK 
AH DF 
AC -- DF 

inelmled BA(‘ ineluded ^ FDF. 

/. A AHC A DKF in all respeets yProfr 4 |. 

Proposition 6. Problem 

7o taseet a tjireo ((in fie. 

.A Let AHC ])e tin* 

anole to be bisected. 

yT t^austruetiou. Witli 

/ centre H, and any 

1/ radius, deserilx* an are 

® F ^ of a 0 cuttiujLt AH, 

HC, ;d D and F. W it h cent res D and F, aiul 
ail) ladins wbieh is se(‘n to be ori‘ater tlian half 
tile aie DF, desei ibe t wo arcs cuttinj; at F. .loin 
BF. 'Phen tlie _ ABC is bisected by BF. 

Proof. Join DF, FF. 

In tlie As DFB, FFB, 

DF - FF. since llu*y aie radii of e4iual 0s. 
Fl> is common to both As. 

BD BF, beinfj; ladii of tlie same 0. 

lh(‘ As are e<jinl in all respeets (Prop. 7) ; 
so that .DBF . FBF, 

-i.e,, . .Mb’ is bisect etl. 

Proposition 9. Problem 

To hiseet a ffiren straitfhl line. 

C Let AB be the line to Ik- 

sF bisected. 

/Y \\ < 'oust ruetiou. W ith centiu* A 

// 'A and any radius wdiicli is seen t<j 
/ ^ great(‘i' than half the ‘^fiveii 

^ fi line, describe an arc. W'ith 

A /I centre B and the same radius 

\\ // deserila* an are cutting the first 

\\ // arc at the points (’, D. .loin 

CD, cuttinji;’ AB at O. 1'heii 
O .\H is bisected at ( ). 

Pionf. Join A<\ AD, BC, HD. 

In the As ACD, BCD, 

AC — BC, l»ein;4 ladii ot e«jual 0.s. 

(’!) is eommoii to both As- 
AD BD, beini^ radii of equal 0s. 

/. ACD = BCD (7'/ op. 7). 

Then, in the As» A(’0, BCO 
AC B(\ 

CO is common. 

/ ACO== BCA). 

AO — IH) {Piop. 4). 


Continiifd 
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By Professor HENRY ROBINSON 


Earthen Dams. 'J'he most (‘ummuii 
form of dam is that composed of earth, with a 
eenti'al puddle wall, as shown in 19 and 20. 
This central puddle wall is supported on each 
side by banks of sp(*eially selected mat(*rial of 
ns clayey a nature as possible, the full width of 
the bank lx*ing made up willi dilate ver otluT 
matt‘i‘ial is obtainable. Tin* width of the bank 
at the lop depends on tlu‘ ht‘ight, and also on 
the weight of tlu* material of which the dam is 
constructed, but dot*s not. as a rule, exceed 
I,') it. or lb ft.. unh*ss a road is najuired along th(‘ 
top of the bank, in which case tlu* width must 
Ik* regulated by the r(M|uijeinents of the road. 

Puddle Walls. The central ])ud(ll<‘ wall 
is the most important ]»art of tlie work, as 
on its soundness the w'ater-lightness ol the 
reservoir de))ends. E\(‘n a small leak may 
rajudly b(‘eome enlarged by the constant stream 
of watci’ j)assing through it, and may <‘V(*nlually 
be so cnlaiged as to causi* complete failure. 
'Pile thickness of the ])uddl<‘ wall depends on 
the nature of the clay employed, the minimum 
thickness lK*ing about 5 ft. or 0 ft. at the 
top, and at the surface of tin* ground b(‘ing 
about one-fifth of the depth of water to be 
r(‘tained. The longitudinal section |20| shows 
the method of stepping, or lx*nching, the founda- 
tion Icvc'l of the jmddle wall. After the ])osition 
iif tin* dam has been decided, it is n<*ccssarv to 
sink trial holes along the line of the puddle wall, 
to ascertain the nature of the sti’ata. If it is 
rock, all fissures must lx* cai'cfully sto)))K*d with 
good concrete or masonry, and all springs siiould 
be led by jiijx's to the toe of the down sti(*am 
bank, as if they arc not diverted from tJie bank 
they wdll break out at oth(*r jdaces and cause 
trouble. 'Phe depth to which the trench should 
be carried dejicnds on the nature of the stratum, 
which must lu* sound and impervious. 'I'lu* 
trench is sometimes mad<* with vertical sides, 
and sometimes with batten‘d sides, as shown by 
dott<*d lines in 19, it being considered that any 



20. EARTHEN DAM (LUMilTrUf NAl. SECTION) 


settlement of the w’all tends to consolidate the 
puddle more effectually than when the sides are 
vertical. The clay used for the puddle must bi* 
cai-efully preparfM and well ground in a pug mill, 
being conveyed cpiiekly and deposited in position 
in layers, which should not exceed 0 in. in thit*k- 


ness, each lav(*r lH‘ing wc*!! i*ammed and trodden 
down, eare lK*ing taken to clean thoroughly 
and roiigli u]) the siirfaet* of the jmddle in tlie 
trench befon* adding the next layer. It is 
necessary to coxer tin* piiddh* after the day's 
work, and to wat(‘r the surface tlu* next day, in 



V(‘ry dry weather, in order to j)rcv(*iil cracking. 

As the jmddle wall is carried uj), tlu* sujijmi l- 
ing hanks arc brought uj> with it. Tlu* bank-* 
should b(* made in layers of bi*fw'(*cn (> in. and 
9 in. thick, b(*ing wi*!! rolled, and. m very hot 
weather, wall ‘r(*d. Sfeam-rollers e n be of great 
assistanei* in eon.'olidating the hank. 'Pile slojie 
of the bank of S(‘l(‘e1(‘d matiTinl xarii^s, but is 
geneially about 1 to I. Tfie slojie of the inner 
bank is as a Mih* from 21 or li 1o 1, and is j)nv(*d 
with stone jiiteliing. or eonen'te slabs, in order 
to resist the iR'tion of w’lives. Tlu* outer slope 
is generally about 2 to !, and is turfed or sown 
with grass. 

Height of Dam. Tlu* h(*igh1 of the fop 
of tile dam above the bigiiest Avater-U‘vel 
depends on the waves, whiefi seldom exceed 
4 ft. Tlu* lieight of the waves dejiends on 
the •‘fetch," or length of water surface ex- 
jmsed to wind from any jiartieiilai direction. 
.\ formula known as SteveiiMur' w^avi lormulti 
may lx* useful : 

H l -.Ts'l) ‘s'D) 

wheie H lieight of xvavi* in feet ; D fetch 
in miics. 

Composite Dams. Dams <*onsti‘U(‘t(*d 
j partly <»f caith and jiartly of concrete or 

mawmi’v have been cmjiloycd in iJiis counfry, 
but more frequently in America. Tiic liability 
of uneven scttlcmcnl. and consequently of 
cracking in tlic concr(*t(‘, is tJic cJiicf objection 
to them. One form of eomjmsite dam is that 
XV here a concrete, or riibblt*, wall fakes tlu* jilaee 
of the central puddle xvall. 

Outlets. The outl(‘t horn a largi* ri'servoir 
has to be plac(*d near tlu* bottom, to enable the 
xvater to be drawn off in times of drought, or 
when it is necessary to carry out repairs. As 
a rule several outlets xvith valves arc provided, 
so that tlu* xxalcr may be draxvn <)ft’ at different 
levels and the vjuantity regulated. I'lu* numluT 
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of outlets depends on the depth of the reservoir. 
The outlets are operated in such a manner as 
always to draw the water from about 3 ft. 
below the surface, thus obtaining it clear and 
free from floating debris. The lowest outlet is 
used only in cases of drought or for repairs, as 
the water is sure to contain a certain amount 
of sediment. An arrangement of outlets is shown 
in 18 which is taken from the contract drawing 
of works carried out by the writer. There are 
three outlets, each being provided with a sluice 
valve contained in an iron valve tower standing 
inside the reservoir at the toe of the bank. 
The tower is built on solid foundations, and is 
connected to a concrete and brick culvert which 
carries the outlet mam through the dam. Some- 
times these towers are constructed of concrete 
or masonry, and if properly arranged cannot 
by any possibility cause damage to the cm- 

m e n t 

V a 1 vcH 

are operated from th(‘ 

platform at the top of tlu* - O 

tower by spindles with hand* 

wheels The outlet pipes pi o- 

joot from the side of the tower 

into the reservoir, and are pro- 

vided with flap valves which arc 

hold open by chains, being closed ^^B^ 

only when it is necessary to repair the 

sluice valves. The bottom outlet in 

this case passes through the concrete B 

foundation of the tower, and is provided ^ 

with a “ disc ” cast on the barrel of the pipe to 

form a barrier to water leaking along the 

outside of the pipe. Discs of this nature 

are used when pipes arc passed through 

dams without culverts, as is the case 

with shallow reservoirs of about 20 ft, 21. floj 

and less. The outlet pipes of deep 

reservoirs should be laid m culverts, as shown 


floats, F, the water can be drawn off at 
any required level below the surface, thus 
preventing floating debris entering the main. 
The arm, 0, is supported by the floats, F, and is 
pivoted at the point P. When the vklve, N, 
is opened, the water is drawn off at the point A, 
the floats falling with the water. 

Service Reservoirs. Service reservoirs 
are required in or near a town to maintain 
the service m case the mains from the source of 
supply, either storage reservoir or pumpmg 
station, reveal any dcf(‘ct, and have to be rc- 
pair(‘d, or when a tire has to be extinguished. 

P ie town is dependent on one main, 
capacity of the service reservoir 
Id be sufficient to ensure two or three 
’ supply at the rate of the maximum 
and Large cities should never be 
indent on a single main. Service 
ri'servoirs are generally covert*d tt> 
prevent the possibility of pollution 
by dust in the air, esp(‘eially it 
they be placed in or near centres 
of population, by birds, leaves, etc. Tlu* 
temperature of the w'atcr is kept uniform 
in a covcTcd reservoir, and th(' growth of 
vegetation is prevented. About 14 ft 
is the usual depth ot ^^nter in tb(‘Tn 
They can be construct (‘d ot concrete oi 
' brickwork, rendered uith et ment inside, 
or puddled with clay outsid'*, to inaki* 
them watertight. Pituminoiib sheeting 

k is sometimes used at> a lining when^ the 
head of water is considerable or ^ hen the 
T’CHorvoir has to be built in very bad 
ground. The covering may consist ot 
light brick or (‘oncrete arches 
supiiorted on piers. On the top of 
the arclks a foot or two of earth 
^ is laid Inlot, outlet, and vasliout 
valves are placed in suitable poM- 
tions The two first -named should 
, be as far apart as possible, so as 
to produce circulation. An over- 
flow is provided, and also small 
21. FLOATING OUTLET ventilators to effect movement and 
replacement of the air. The cost 
of an ordinary service reservoir may be taken 


in 18, of such dimensions that a man can inspect 
the pipes periodically. The joints of pipes that 
are laid in culverts can be either spigot and 
socket, or flanged ; but when laid through a 
bank for shallow reservoirs they must be 
flanged and jointed, of extra thickness, and 
provided with fish webs, so that they form, 
wiien bolted up, a continuous girder. 

Syphon Outleta. Syphon outlets aro 
employed to draw water from small reservoirs. 
The syphon-pipo, with air and charging valves 
on the summit, is carried over the dam to 
a point lower than the bottom of the reser- 
voir. The depth to which this point must 
be carried depends on the friction to bo 
overoomo in the pipe to enable the required 
quantity of water to bo discharged. Fig. 21 
shows a form of outlet known as a filing 
orUlet or floatirig arm, often used in storage 
reservoirs or w’ater tanks. By arranging the 


at about £5 to £6 per thousand gallons. 

Stand-pipes. In place of a service reser- 
voir to afford the supply to cisterns at a high 
level the water is often pumped through a 
stand -p%p€, which consists ot two vertical 
pipes connected by a bend at the top, f^o that 
a continuous flow of i\ater passes from the 
pumps through the upcast pipe, over the top, 
and to the supply pipes on the other side 
through the downcast. The height of the stand- 
pipe is governed by the level 'of the building;^ 
the tops of which have to be reached. 

The idea of giving to the cross section of 
masonry dams a shape of uniform stability and 
strength is of French origin. A dam has two 
faces, namely the inner and the older, the inner 
face being froquentty called the back of the dam. 

Calculating Profiles. Sir Guilford L. 
Molesworth has given formulas for the calcula- 
tion of a profile [22] which were published in 
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Die “ ProeeedingfcJ of the Institution of Civil 
EngineorK.'’ They are as follow : 

/ . 

\ + (()^o:i»-)’ ■ V \ / ’ 

Width of lop of dam — 0*4 y, at }H 
Whore H - total height of dam in feet, 

\ - limit of pressin-e alJ<med on 
the masonry in tons square 
foot, 

X — depth below the surtaee ,of the 
water in fe(‘t, 

y ofTsi't ill feet to the outer tae<^ 
of the dam from a vertical 
lino - 0*0x as a inininunn, 
c — offset to the inner ta<*o. 

Tie stated that there was almost an (‘xaet 
.igreoiTumt b(‘tween his formula and that ot M. 
Houvier when tlu* limit, of pr('SHUi(‘ allowed 
was assumed at 5J, 7^, ff and 1 1 tons respeetively, 
and he gave the illustration in 28 to show how 
closely the formula' wore in agreement when tn'at- 
ing profiles with the above limits of pressure. 

The Molosw’orth formula is simple, and enables 
the shape of the cross section to be ealculat<*d 
easily, after wdueh it must be treated graphically 
to <let ermine the position of lin(*s ot resistane<‘. 

Tlu‘ conditions ot stability for masonry dams 
ar(‘ practically two — namely: 

1 That the resultant ef all forces at any 
horizontal section must tall within the “middle 
third ” of that section. 


2. The stresses in the faces of the dam must 
not exceed the safe limit. 

The first of thes<‘ conditions is intended to 
prevent any tension taking place in the masonry. 

must ht) 
»orne in mind, 
ow'cver, that 
iiternal forces 
set up in 
irge masonry 
t r u c t u r ('s — 
ueh, for in- 
t.inee, as the 
liflcTonce o f 
e m peratiurt* — 
hat produce 
tresses which 
ar(^ in nowa\ 

due to any 
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forces which 

tlu'dam liasto ri'sist. It must also be remem bere<l 
that in all theoretical (‘aleulatioiis it is assumed 
that tlu* dam is a perfectly ehnlic body, which 
is not true m practice. Such bi'ing the case, ain))le 
margin must be allowed to ensure safc'ty, and tlu* 
stresses that have bt'cn allowed on* (‘XHtmg 
stiuetures of a similar kind should be studied 
as tlu* application of atormulamiisl lx* go\(*rncd 
by the ri'sults of practical cxperi(‘nce. 

Dam Foundationa. Tiu* first consid(‘i«i' 
tion is, of course, tlu^ foundation upon wdiich 
the dam is to be built. It is not advisable 



23. (COMPARISON BETWEEN MOLESWORTH’s FORMl’LA 
AND BOUVIBR’s METHOD 

Molcsuorth’s profile sliow’ii thus 

Boiu iei \ „ niasoury 136 lb. per i uIm.* foot . . 

1)0. 160 ‘ * L. , 

IXmviurs profile is not shown where the tlweiueiiec from Motisworths piofile is 


to build bigb (lams on (>arth 
toiindations, on atrount ot the 
mass of mat (‘rial that would he 
nee(‘Hsary in older to distrihute 
ov<*i a snffieient surtaee the 
weight for th(*(*arth to support. 
Tlu* Ix'st foundations arc haid, 
sound rocks, as these j)r(*\cnt 
unequal s(*ttl(*m(*nt, owing to 
tlu* varying weight of tlu* wall 
Tlu* nial(*nal of the dam must, 
to a gn*at c.\t(*nt, he gov(*rncd 
))y the natun* ot the toiindation. 
After theJicad of water behind 
the dam cvc(‘eds I (Ml ft., it is 
g(*nerally thought h(*sl to con- 
st met it ot masonry. It is 
nt*e(*Ksaiy to avoid continuous 
cours(‘s in tlu* masonry, and 
gri‘at vigilance is lU'cessary in 
()rdi*r that no empty spaces may 
lx* l(‘ft }x‘tw(‘(*n the b‘ocks. 

Tlu* r(‘WHtan(x* to crushing 
of the maU'i'ials forming a dam 
is om* of tlu* chief points to lx* 
eonsid(‘rod. Tlu* stresses which 
aro H(‘t up by the (*xtertial 
iorces must not cxe(*(*d tlu^ 
sate limit. As a g<*iioral rule, 
this conipressivo stress sliould 
not exeetd 150 lb. per square 
inch, although in cases more 
has Ixjon allowed. M. Bouvier 


has stated that, with rubble 


and good hydraulic 
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mortar, the compreseive stress may be 140 lb. 
per square inch at the completion of the works, 
and 200 lb. later on. 

The sides of the dam must be built in, and tied 
to the impervious strata on the sides of the 
valley across which the dam is made. 

Pressure. A profile having been adopted, it 
becomes necessary to test it to see if there is suffi- 
cient masonry to resist the external forces that 
wiU act on it, both when the reservoir is full and 



pressure acts normal to the surface of the wall, 
and therefore, in the case of a curved wall, the pres- 
sure is not horizontal, but is inclined downwards. 
Professor Bankine, in his section for high dams, 
takes the horizontal pressure, and ne^ects the 
vertical component as being on the safe side. 

The action of the water tend') to overturn 
the wall on its outer toe. Before this could 
happen, however, the toe would crush, but if the 
resultant is within the “middle third,"’ the 
wall is quite secure from overturning. 

In order to test the profile, it is necessary to 
divide it up into segments, and to test each 
segment for stability. By this means the curves 
of pressure for reservoir “ full ” and “ empty ” 
can be drawn, and they must always be within 
the “ middle third ” of the section. 

In a paper published in the “ Proceedings of the 
Institution of Civil Engineers,” Vol. LxXXV., 
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25. HYDRAULIC GRADIENT 



Mr Coventry gives a formula for calculating 
the section of a profile, and also a graphical 
method for testing the stability after the profile 
is drawn. To determine the stresses in the two 
faces, the following formulae were given by him : 

Taking any horizontal section a b for reservoir 
empty. 



The plus sign gives the stress at the edge nearest 
W, and the minus sign gives the stress at the 
opposite edge. 

W ~ weight of the dam above the layer a h, 

I = the length of a 6, 

R — the resultant of the water pressure and the 
weight of the dam, 

w = distance of W from the centre of gravity of 
the section a 6, 

tt* = distance of R from the centre of gravity 
of the section a 6, 

X = angle the resultant makes with a vertical 
line. 

For the full reservoir; 

_ R cos X ^ 6m’\ 

z “ “v ~r 

A useful method for finding these curves is 
that given by Mr. Coventry, as follows [24] : 

Tlie profile must first bo divided uj) into any 
convenient number of segments as shown by 



found as shown at g,, etc. Next con- 
struct a force polygon by setting off on a 
vertical line to scale, the distances ou^j, 
etc., egual to the weights of the corresi^nding 
seotions 1-1, 2-2, etc. On a horizontal line 
set off to the same scale distances etc., 

equal to the water thrusts due to the depths 
for the various sections. Through the points 
thus found, draw perpendiculars as and 
from the point where the water thrust first 
becomes normal to the batter draw a lino 
perpendicular to it, and cutting the perpendicular 
unes at 1^9 fi* etc. Take any point P and draw 
the lines Pwj, PW 29 etc., and also join 
The position of the water thrusts are sho^ 
in the figure at etc., and is two- thirds of 
Cl, and ^2 is two-thirds of 02, and so on. The 
magnitude and direction of those forces is equal 
to wJ 2 f otc. 

To fina th'* curve of pressure for the empty 
reservoir, from the centres of 
gravity gTi, etc., draw the lines 
afii 9 ajb^, etc. In the vertical 
line a,* take any point b, and 
through it draw h^f)J parallel to 
PO, and produce it 
indefinitely. Then 
draw parallel to 
PtCj, and £2^3 parallel to 
P1C2, and so on, the last 
line being parallel to 
the last radial line on 
the force polygon. Pro- 
duce the lines bjb^y 
etc., till they cut the 
line bjbi produced at 
c„ C3, etc., and through 
the points drop ikm - 
pendicular lines to the 
corresponding sections 
of the profile. Thus w., 
is equed to the weights 
of the first two sec- 
tions, and acts through 
Co. The lines joining 
those points will equal 
the curve of pressure 
for reservoir empty. To find the curve of pressure 
for reservoir full, produce the points T„ Tj, etc., 
till they cut the lines tCj, m„ etc. Through these 
points draw the resultant forces parallel to 
and W 2 t 2 * ^tc* Thus, Kj is ^rallel to and cuts 

the b^e of the first section. The lines joining 
these points will give the curve of ^pressure for 
reservoir full. From the above it will be seen 
whether these curves of pressure fall within the 
middle third of the sections, as they should do. 
The stresses in the faces of the dam can now be 
calculated by the formula previously given, as 
the positions of R and w are now fixed. 

Distribution. The sizes of the distributing 
mains must be large enough to supply the maxi- 
mum requirements of the community. The sizes 
of the small branch distributing mains should be 
2 im, or 3 in. in diameter. Hydrants for street 
watering, fire extinction, etc., should be placed 
at suitable points, and it is desirable to adopt 
a standard gauge for oonnecting to them. 
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In calculating the size of a pipe, the hydrau- 
lic gradient ” should be reckoned from the outlet 
of the reservoir supplying the water to a point 
about 80 ft. above the highest part of the town, 
to ensure the delivery of water for fire extinction 
as well as for ordinary supply to the tops of 
houses that are, or that may be, built there. 

All mains and service pipes should be laid at 
a sufficient depth in the ground to protect them 
from the effect of the severest continuous frost. 
About 2 ft. 6 in. or 3 ft. from the surface to the top 
of the pipe is the least depth, and the pipes should 
bo tested before being covered. The disregard 
of this requirement as regards depth has resulted 
in a few notable failures of the water supply of 
a district. A very sharp frost for a limited time 
would not affect the water in the pipes, but a 
severe frost, lasting for days, does the mischief. 

Detection of Waate, Waste-water meters 
are employed to detect waste, and great savings 
have resulted. The meter consists 
of an instrument placed upon a 
system of water-pipes serving a 
particular district, and recording 
automatically and graphically the 
rate of flow of the water in 
the pipe. If at a time of 
/ night there should be prac- 
tically no flow, a diagram 
records the rate of flow, 
whereby it can be ascer- 
tained whether waste is 
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occurring 

A night examination 
of service pipes by ap- 
plying a stetnoscope to 
them enables any flow 
of water to bo detected, 
when practically there 
ought to be none. The 
waste is generally 
caused by defective 
fittings, taps left run- 
ning all night, etc. 

Service PIpee, 
The usual method of 
distributing water is bv 
cast-iron pipes coated with Angus Smiths 
bituminous preparation. Pipes more than 3 in. in 
diameter are generally cast in 9 -ft. lengths. Very 
large pipes are sometimes made in 12-ft. lengtlis, 
but small pipes 2 in. or 2} in. in diameter are 
general!}! made 6 ft. long, because a greater 
length involves risk of breakage in hand- 
ling and difficulty in keeping the slender core 
truly central when casting. The lengths are 
always reckoned from centre to centre of the 
joints when laid, but the sockets extend 3 in. 
or 4 in. beyond. The usual form of joint is 
the spigot and socket caulked with load. Some 
hemp or tarred gaskin is rammed into the socket 
round the spigot end of the adjoining pipe, and 
molten lead is poured in through a gap in a clay 
mould, and when set it is rammed home with 
caulking chisels. 

To remove excrescences which form on the 
inside of pipes, special scraping tools ore em- 
ployed. These are carried on a pair of discs, 
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or loose pistons, attached to flexible arms. The 
ivater is run out of the pipes, and the scrapii^ 
apparatus is put into a section of pipe, which is 
closed up, and water is let in at the back of the 
scraper, ^ving it forward the length of the 
flexible arm. When this section has been 
scraped the tool is removed and another section 
is attacked. Wash-out valves are placed at 
low-lying points so that the 
scraps stuff may be flushed out. 

At summits of wat^ mains 
an air valve is placed to pre- 
vent the formation of an air 
lock. This valve consists of 
a brass plug, having a small 
pin hole in it, with an ebonite 
ball in. in diameter under- 
neath, held loosely in 
position by a cradle. 

When the pipe is full 
of water under pressure 
the ball floats up against 
the pin hole and the 
pressure of water makes 
it a tight valve. If air 
collects, the bidl settles 
down on its cradle and 
lets the air out, but 
rises again with the 
water. A second valve 
is sometimes used; it 
has a larger hole to let 
out the air rapidly when 
the pipe is being filled after having been emptied 
for washing out or repairs. As these valves 
are liable to get out of order, summits should be 
avoided, especially in pumping mains. 

House Serrlcea. Service pipes to houses 
are generally of lead attached to a gUn-metai 
ferrule screwed into the main. If the water is 
mft, care must be taken not to use the water 
(or dietetic purposes until it has had 
dme to flow through and act on the 
iea^ thereby producing a permanent 
oxidation of the surface and remov- 
ing the danger. 

We have so far referred only 
to cast-iron mains. Mild steel 
is employed for large mains, and 
where the pipes have to be con- 
veyed long distances their 
greater lightness has an 
advantage. They re- 
quire to be carefully 
handled, and if properly 
• coated and protected 
they have lasted as long 
as cast iron. 

Hydraulic Grad* 
icttt. In calculating the 
sixes of water to deliver a required amount 
of water, consideration has to be mven to the fric- 
tkxn that has to be overcome by die movement of 
the water through the pipe. Fig. flfl explains this. 
h represents the loss of head due to friction 
caused by the flow of water under prearare. If 
die water in the pipe were at rest, the horisontai 
iiae CD would be the levdl at whidk it wopld 
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stand. If there is a flow from A to B then the 
level at D will fall below that at C and the Hne 
OE is uhat is termed the hydrauiie (/nidteiif. 
If the velocity is small, h is practically m pro- 
porticm to the mean verity At high 
velocities k varies in proportion from to 
according to the smoothness or roughness of 
the pipe. The smoother the surface is the lower 
the index of v will b(9. The 
force which moves the water 
being hj and the amount moved 
dependmg both on the size of 
the pipe, the area of which is 
A, and on the length of the pipe 

follows that f is the cose- 
h 

cant of the angle of in- 
clination of the “hy- 
draulic gradient,” and 

A 

p is what is called the 

hydraulic radius^ A being 
the sectional area of the 
inside of the pipe, and P 
the weUed 'perimeter or 
internal circumference 
of the pipe. The follow- 
ing formula will enable 
the discharge through 
pipes to be calculated : 

T-50\ 


cubic 


/ T-50\ 

600 ) 



Where Q = the discharge in cubic feet per 
second, 

D = diameter of the pipe in feet, 

P = a coefficient of rougnness, 

T = temperature of the water in 
degrees Fahrenheit, 

S - the cosecant of the angle of 
inclination of the hydraulic 

,. ^ length 
grad.ent^-g;A^-. 

The following formula will enable the 
velocity in iron pipes to be calculated : 








1 + 
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K ) 

Where V = mean velocity in 
feet per second, 

B = hydraulic radius 
in feet, 

S = the cosecant of 
the angle of in- 
clinatkm of the 
hydraulic gradient 
_ length 
“ head * 

C = a coefficient repre- 
senting the rough- 
ness of the surface of the pipe. 

T=! temperature of the water in degrees 
Fahi^heit. 

The nature of the surface has a huge mfluence 
upon h independent of its effect upon the 
ind» of e. The temperatme also bee an 
mfluence on the disohaige. 

The values of “at,** ^ n,” and C ail dspsnd on 



the roughness of the pipe, and from experiments 
have been found to be as follows : 


Factor to which cch 
effleluit relatea. 
Itoaurlption of iinrfn«M« 

Velocit 5 - 

“ H '• 

RuughueM 

Hydraulic 

Radlua 

Triniwra* 
turt) K. 

Oast-iron pipes (new) 
medium velocity 

1*86 

0-005347 

* 0-67 

OlK) 

Cast-iron pipes (new) 
hi(fh velocity .. 

2 -CO 

0-000752 

0*«.S 

000 

Cast-iron pipes (old) 

2*00 

0-017115 

0-00 

000 

Cast - iron pijies 
(cleaned). 

1*96 

0-0074191 

0-04 

000 

WrouKht-lron pipes 

1*80 

0-004787 

0-052 

(>00 

Riveted sheet iron . . 

1-825 

0-006074 

0-077 

000 


This subject has been dealt ^ith in great 
detail in th*' writer’s book on “ Hydraulic 
Power and Hydraulic Machinery.” 

Measurement of Water. The 
measurement of large quantities of water 
either taken from a river or supplied to a 
town are best effoeted by meter. The 
Venturi meter is much used for this pur- 
pose. Fig. 26 shows a Venturi 
meter from a drawing fur- 
nished by the maker. The 
operation of the meter is duo 
to the fact that when fluid in 
any pipe passes from a state 
of rest to one of movement, 
or from one velocity of flow 
to a great<‘r velocity, a certain 
amount of pressure against the 
shell of the pipe disappears, 
and the disappearance of pressure, or loss of 
head, is dependent entirely upon the velocititm 
of flow past the points in the pipe at which 
pressure is taken. From the illustration it will 
be seen that the meter is in two parts — the 
tube and the recorder ; there are no movable 
parts in contact with the flowing liquid. Th(‘ 
tube forms part of the ordinary pip(* 
line, differing only for a short distance 
where it is truncated or throttled, the 
amount of the throttle being depeud(‘ut 
on the maximum and minimum requju - 
ments of the place where it is to be em- 
ployed. The pressure at the upstream 
end, and at the throat of the 
meter tube, are transmitted 
by the small pipes T and U 
to the recorder, where they 
are balanced by the displace- 
ment of two columns of 
mercury in the cylindrical 
tubes, one within the other. 

The inner mercury column 
carries a float, JV, the position of whicli is an in- 
dication of the velocity of water flowing through 
the tube. The position assumed by an idler wheel , 
H, carried the float, relative to an intermit - 
tently revolving integrating drum, I, determines 
the duration of contact of gears G and F connect- 
ing the drum and the counter, by which the flow 
for successive intervals is registered. The largest 
meter-tube that has yet been made is 9 ft. in 
diameter with a maximum capacity ot 
200,000,000 gallons in 24 hours. 

There are numerous meters for measuring 
sm^ll volumes of water, but we shall confine 
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ourselves to two. The Imperial Positive Water 
Meter is shown by 27, 28, and 29. The lower por- 
tion, A, contains three cylinders, B, and the valve- 
seating, 0, with its three ports and passam, D, 
communicating with the bottom of the cylmdiers. 
There is a discharge port and passage, E, and 
inlet and outlet connections F and 0, also a 
strainer, H ; I is the cover, with the rib K for 
holding down the strainer. An unequal spacing 
of the bolt-holes prevents the cover from being 
wrongly fixed to the lower portion. L is the 
valve with its three arms, in the ends of which 
are cup-shaped bushes, M, for receiving the 
spherically-snaped heads of the piston-rods N, 
and to these are secured the pistons, composed 
of upper ^d lower piston plates, 0, nuts, and 
flexible piston caps, P. The water enter- 
ing the meter, as shown by the arrows, 
passes up through the strainer into the 
upper portion of the casing, and presses 
equally downwards on all 3ie three pis- 
tons, and also on the valves. 

According to the position of 
the valve, the lower end of 
each cylinder in succession is 
communicating with the outlet 
passage £, and its piston is 
therefore forced down by the 
superior pressure above, thus 
discharging the contents of the 
cylinder. At the same time, 
one or both of the other cylin- 
ders is having its piston raised, whereby water is 
admitted through the passages, and the lower 
part is filled. Thus ouch lower end of the three 
cylinders B is in due course filled and emptied, 
one or two pistons always supplying the active 
force, so that there is no dead point. 

The kmgth of the stroke is regulated by the 
flanged projection, Q, on the valve L 
coming into rolling contact with a simi- 
lar flange, R, on the valve-seating, C. A 
slight skew of the ports causes the pistons 
to endeavour to take a longer stroke 
than they should, the roller paths re- 
stricting this tendency. The teeth in 
the valve and the notches in 
the valve-seating prevent the 
valve from turning round on 
its own axis. The valve-pin, S, 
engages thi* crank of the crank 
spindle, T, which communicates 
motion to the clockwork in 
the usual manner. U is the 
bush in the cover, V the 
count'’ r-plate supporting the lay-shaft with its 
worms and wheels. W is the dial-box protecting 
th»» clockwork, and Y is the countor. 

Figs. 80 and 81 show another good example 
called the Bee Water Meter. This depends on 
a disc action piston, a chamber of known 
capacity being successively filled and discharged. 
The movement of the passing water is directly 
and positively transmitted to an oscillating 
piston or disc, which, for each complete motion, 
or oscillation, shows that the exact contents of 
the disc* chamber, less the bulk of the immersed 
portion of the piston or disc, have been received, 
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discharge^ and counted, oncu. for example, let us 
take a disc diamber with a cap^ity of 15 cubic in. 

The portion of the disc immersed is 3 cubic in. Ev^ 
complete motion of the disc will show that 12 cub. in. 
of water, or 15 minus 3, has been passed through the 
chamber. If we divide 1,728 cubic m. (1 cubic ft.) by 
12, we find 144 as the number of disc motions required 
to displace a cubic foot of water, or 6*25 gallons. 

Water«plpe Joints. The process of jointing 
water mains will next be described, and is illustrated 
in 82 to 47. Figs. 82 and 83 are forms of expansion joints 
on large steel water mains. Fig. 84 is a welded spigot 
and socket, riveted on to a steel main, the joint being 
completed by yam and lead. Fig. 85 is a modification 
of the preceding joint. Figs. 86 and 87 are single and 
double riveted bnU and atrap joints for steel mains. Figs. 

88 and 89 illustrate methods of attaching flanges to 
large steel mains, the joint being completed by a rubber ring between the flanges , and 40 and 41 
show the ordinary forms of single riveted lap joint for steel mains ; 42 and 48 are types of double 

collar joints. Fig. 44 is 
a spigot and socket 
pipe joint, commonly 
used on small mains. 
Yarn is caulked up 
to the face of the 
socket, and molten 

82 88 lead is run into the 

remaining space in 
the socket, and well 
caulked with chisels 
made for the purpose. 
Fig. 45 illustrates a 
turned and bored 
joint for castdron 
pipes. Where the 
pressure in the main 
is small, the lead is 
sometimes omitted, 
and is not run in as 
shown by the illus- 
tration. Fig. 4618 a 
method of joining 
stamped steel flanges 
steel mains by 
riveted on to the bar- 
rel of the main, the 
joint being completed 
by a rubber ring ; 47 
is another form oi 
riveted joint used on 
steel mains. 

A rivetless steel 
pipe is shown in 48. 
, The barrel of the pipe 
is formed by two semi- 
circular steel sheets 
jointed by a special 
metal section, hydrau- 
lically compressed 
into the edges of the 
sheets, so as to form 
a rigid and watertight 
joint 

46 » 47 e(niduded ; folhwtdhy 
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CARPET Sf COTTON FINISHING 

Group 28 

TEXTILES 

^ Viewing, Darning, Cropping, Brushing and Calendering Carpets. 

SO 

Starching, Damping and Folding Cotton Cloths. Cutting Fustian 

Gutiii lilted from 
|NHr«4llC 


By W, S. MURPHY 


’T'HE carpet manufacturer dependn very iittle 
^ on the finishing department for the quality 
of his goods. If the carpet be of good quality 
and design, and well woven, the finish adds very 
little to its value. But it must be admitted that 
the carpet could not pass directly from the loom 
to the warehouse. Loopod-pilo and velvet-pile 
carpets are finished differently, the latter net'dmg 
the more elaborate finishing. 

Viewing. Given an office exactly similar 
to the burler in the cloth factory, the carpet 
viewer has a rather difficult task. He must 
possess a good eye for colour, a knowledge of 
design, and a practical acquaintance with weav- 
ing. Loops or threads may slip, or threads 
become misplaced without the weaver's know- 
ledge, and as the heavy 
fabric is unreeled before 
him, the viewer must 
spot any and every de- 
fect, for upon him at last 
rests the reputation of 
the factory. He marks 
what defects there may 
be, and sends the carpet 
on to the darners. 

Darning. The work 
of the darner is to re- 
pair the defects ot the 
carpet m such a way 
that expert scrutiny will 
not detect the mend. 

With such a bulky fabric 
to work upon, the task 
seems easy, at first sight ; 
but, in reality, imitation 
of the work of the loom with a needle and thread 
requires considerable skill. As the darning is 
purely practical, however, we can do no more 
than note the theory on which it is based. 

Cropping. Axminster, Patent Axminster, 
Wilton, and Velvet-pile Tapestry carpets have 
this in common, that they are cropped, or shorn. 
Up till twenty years ago most carpet manu- 
facturers would have nothing to do with the 
cropping machine, and at the present day much 
of the cropping is done by hand ; but the 
machine has been introduced, and steadily makes 
its wav. It is in the velvet-pile ta^stry factory 
that the spiral roller cropping machine has been 
most largely used. This machine [199] is little 
more than a large model of the common cloth- 
cropping machine. The bed is set straight, so 
as to present a firm surface to the knife, and it 
crops the surface something in the ^me way as 
a lawn-mower crops the grass. The results 
certainly show well, though the objection of 
conservative manufacturers that it lessens the 


wearing life of the enrpet may have some 
truth in it. 

Brushing and Calendering. Carpets are 
heavy fabrics, and naturally gather a good deal 
of fluff and stray fibres within them while being 
woven. Removal of these matters from a Brussels, 
a Wilton, or an Axminster is a somewhat arduous 
task ; but it is done, and by tho simple ex- 
pedient of brushing rigorously. Brushing 
machines are variously constructs ; but in ail 
we have the combination of fan and brush 
cylinder such an operation would obviously 
require. By the fans the dust and fluff are 
blown into an enclosed receptacle, while the 
brushes do their work upon tho surface of the 
carpet as it winds round and round. Probably 
^ the carpets never exper- 
ience usage BO rough as 
m this operation. It is 
a mazing what amount of 
stuff wo can take out of 
a single length of carpet. 

When sufficiently 
cleaned, the carpets are 
passed through the 
calender rollers. These 
are sets of broad rollers 
hung in a frame, the 
one above the other, so 
as lo exercise a forcible 
yet regular pressure on 
the carpets passcHl be- 
tween them. 
Sewing and 

little of technical in- 
terest in this department, the work being done 
chiefly by sewing machines. (Jarpets woven in 
strips are carefully joined, and carpet squares 
are bound with appropriate braidings. It 
was said of a very clover but unsuccessful 
manager of a carpet factory that he lost in the 
ware-rooms what ho made in tho factory. This 
is a fact rather more common than is generally 
supposed. No detail of the industry is too small 
for tho attention of tho wise manager. 

After the carpets have been sewn and bound, 
they are again inspect(*d. Any defects apparent 
are noted and repaired. Then the goods are 
delivered over to the packers. 

Finishing Cotton Fabrics. The number 
of different cotton fabrics which are finished 
in the factory is very large. Some plain 
calicoes are simply passed by the shortest 
route possible from tho loom to the ware- 
house ; cloths that sell at IM. per yard 
would hardly pay for much finishing. Others, 
ot the same quality, are washed, sharohed, or 
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200. DAMPING MACHINE (W. Whitetey St Son, Lockwood) 


is placed which reeeives from the roller 
below a eoating of rfiquid. Hiift starch- 
ing roller runs in the direction opposite 
to the course of the cloth through the 
machine, and thus presses a coating of 
starch on the under side of the fabric. 
Between the clearing rollers and the 
drying cylinders a number of open reels 
are plac<^ to harden the starch and keep 
the diying cylinders clean. 

Damping. Dried cloths, whether 
starched or scoured, are stiff, and do 
not yield readily to the treatment of 
the calenders or presses. Most cloths 
are therefore subjected to damping. 
Two methods of damping are practised ^ 
or^ rather, we should say that two 
kinds of machines are used. On both 
machines the cloths are run across 


loaded^ calendered, and folded. Fancy fabrics, 
such as zeph3rrB, Binders, checks, spots, and 
check stripes, each comprehending myriads of 
patterns, are mostly finished in the very simplest 
style. Fustians, velveteens ^nd moleskins, on 
the other hand, are elaborately finished both in 
the factory and elsewhere. Upon the cloths 
which are bleached, printed, or dyed, we shall 
not at present touch. 

When the cloth, be it plain or fancy, comes 
off the loom, it is pass^ into the hands of 
the viewer, or burler. Over a roller, hung on 
brackets fixed either in the ceiling of the 
room or high up on a wall facing the li^t, the 
cloth is drawn down by the viewer, who snips 
off knots and flying threads, and marks faults 
for repair. 

Darning. This work may be very delicate 
or it may be very simple. To mend a break in 
fancy cloths woven in figure is a different thing 
from putting a few threads of plain weft and 
warp in a common calico or twill. It is purely 
a matter of practice, however, and is learned in 
the factory. 

Starching. The composition used in starch- 
ing depends very much on the purpose intended 
and the fabric to which it is applied. If 
loading be intended, a mixture of china clay, 
cereal starch, wax, and some fatty or soapy 
matters may bo used. Care must be taken that 
the composition has within it preservative 
elements, and is able to withstand changes of 
temperature and damp, or else mildew is certain 
to set in and ruin the ebth. Most export houses 
have special mixtures of their own. If only the 
stiffening of the cotton be aimed at, a fine wheaten 
starch is the best for light goods, and sago, rice, 
or farina may be used for heavy cloths. 

Method. Ihe starching vat is Bim|fiy one of 
the many dressing madunes. From the cloth 
beam slung at the end of the machine the doth 
is guided down into the starch trough, under 
a dothelad roller revolving in the liquid, up 
between the dearing idlers, and over the wide, 
gteam-heated drying oyltndm. 

8tmrchlnf F«nc|r Cloths* In dzesamg 
faced cloths the staroh can be applied only to 
the bade. A simple devioe efiecta uda very 
Ajbprve the roller m the starch vat another roller 


jS space trom one beam to another ; but it is 
in the damping apparatus which operates in 
the intervening space that the differences occur. 
The older damping machine is a small water 
tank, with a lid in which a long slit is cAit. 
Within the tank a long-haired brush revolves, 
sending through the opening in the lid a con- 
tinuous spray of water on to the passing cloth. 
The other diaper [200] is a spray injector, from 
the nozzle of which the water is finely distri- 
buted. By a curious turn in mechanical develop- 
m^t, the newer apparatus is being closely 
rivalled by an improved model of the older 
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202 FOTDTNQ MACHINE (Athtrton Hro« I'rcHtoii) 


machine By a ball-tap feed the 
water m the biush- trough is regu- 
lated, and the volume of spray is 
governed by soipws on the hd, 
which^nlarge or narrow the opening 
as required 

Calendering. No textile fac- 
tory can afford to do without a 
calendenng machine Many f actones 
employ a largo number of various 
sizes The chief object of oalender- 
mg is to produce a smooth and 
lustrous surface on the cloth A 
calender [2011 consists of a series of 
rollers and cyhnders, placed alter 
nately one above the other m a 
strong frame Calenders may have 
three, foui, five, oi six “ bowls,” as 
the rollers and cylinders are named 
The cyhnders are generally iron, and 
always hollov , the rollers are solid, 
composed of papier m&che pressed 
to a very dense consistency The 
BIX bowl calender is representative 
of the whole class of such 
machines Hand screws on the heads of the 
standards bring the required degree of pressure 
on the bowls Beside the screws are two 
levers which put the drive on to all the 
rollers A gearing is set midway up the 
machine by which only the three bottom bowls 
may be driven When a strcitchmg action is 
desired the top rollers are given a higher speed 
than the lower section The heating of the 
hollow cyhnders is accomplished either by steam 



808. BIAKOLS (W WhiteleA dLSon Look«ioorl) 


or by the introduction of red hot irons The 
cloth is wound on to the roller at the foot of 
the calender, or the web already wound is slung 
m the same place, and then passes on to the first 
cyhnder, thence round the roller and up through 
the whole machine, to lie delivered at the other 
side It IS all very simple , but the efieots on 
the cloth arc very wonderful 

Folding. Mechanical folders have developed 
very slowly, the inventors seeming to err on 
the side oi elaboration But we have now 
some good and expeditious folders One of the 
best 18 composed of a curved, movable table, 
over which a folding arm works to and fro [2021 
The cloth is given out from the beam, and the 
folder carries it along to the end of the table, 
where it is clipped, or held , as the arm c omen 
back it makes another told This machine is 
also a cloth measurer, the number of yards being 
incbcated on the dial attached to the folder 

Hand folders, or lappers, are still needed iti 
many factories, and they are very expert workers 
Tlie lapper’s tool is a long rod named the broach 
stick With this he both measures out and 
smooths down the cloth, fold by fold 

Finishing Fustians. The class of cloths 
named fustians includes velveteens, corduroys, 
cantoons, and moleskins These are finislied 
by themselves m special ways by experts 
trained to nothing else Most important are 
the velveteens, and to them we shall give special 
attention 

Velveteens. When weaving velveteen we 
send the weft threads floating over seven 
threads of warp Under a magnifying glass 
these floating threads are seen to have taken 
the form of loops, lying in regular rows down 
the whole length odf the web It is obvious that 
if those little loops can be halved and the 
severed ends made to stand ^ straight, a shallow 
velvet pile will be made 'mis is precisely the 
aim of the velveteen cutter When the cloth 
has been taken from the loom, it is stiffened with 
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a kind of glu^ paste or dressing. In that 
condition it is taken to the onttmg-room. 

Cutting Frames. After being dressed, the 
cloth is wound on 4 roller fitted with a ratchet 
wheel. This roller is slung on one end of a 
fi*ame at the othw end of which is a similar 
roller. The frames vary in length from 2 ft. 
to 10 ft., the short ones being opesatod by 
women and the longer 
ones by men. The cloth 

IS drawn across the ""a"’ * 

frame and fixed on the 

end roller; then it is 
tightened and the rollers 
fixed hy the ratchets. 

Ill this condition it is 204. kkife foe < 

ready for the cutter. 

Cutting Knife. The chief tool of the cutter 
IS a knife jf peculiar form [204]. It is a blade, 6, 
2 ft. long, } in. square, tarring to a thin point, 
and set in a strong wooden handle, d, thick enough 
to fill the palm when gripped iirmly. Over the 
point of the blade is fitt^ an iron cover shaped 
like a ploughshare, called the guide, a, which at 
once keeps the point, f , from 
dipping into the body of the gjgj gg ^ 

elotti and lifts up the threads ^ 

[206] to be cut. 205. velvbtbe] 

Hand Cutting. Before 
beginning to cut, the cutter lightly brushes the 
length of the “ race *’ with a piece of card, to 
loosen the stiffening. Gripping the knife in the 
right hand, like a fencing foil, and bal^cing her 
body on the right foot, the cutter, having gently 
insinuated the guide under the first few threads, 
drives the knife smartly forward m a straight 
and level line along 
the surface of the 
cloth. This is the 
action for the short - 
frame and plain 
velveteen. Longer 
frames and varied 
patterns like cords 
and figures, mvolve 
movements so com- 
plex and varied as 
to evade descrip- 
tion. In a fine piece 
of velveteen 27 in. 
wide there are < 
about 500 races; the 
cutter must there- 
fore perform the 
action described 
500 times to cut a 
length of two yards. 

It is slow and 
arduous work. 

MaohiM Cut- 206. singeing uaohine 
ting. Fustian cut- 
ting by hand is oostlyt and a machine which could 
do the work as well, and more quickly, would be 
a great boon to the trade. The fact that hand 
cutting is largely practised is proof that no satas- 
factoiymaohinehasyet been invented. Thereare 
many machines, however. Asearly as 1824, two 
Sidibrd men, William Wells and. George Sdufie- 
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In that field, took outapatmt for a ottttingmaohinewhioh 


204. knife fob cirmNG vsi^vetebn 


205. velveteen cjut and uncut 



206 . SINGEING UAOHINE (Mather A Plsti, Ltd., Manehaster) 


won approval from many competent judges ; but 
something was wanting, and the madfine failed to 
supersede the hand workers. The nroblems are 
v^ delicate and difficult. After me knife has 
been made a tool of a machine, and the cloth is 
smoothly fixed, difficulties still remain. The knife 
and the cloth vilvate under the cutting, and the 
sensitive nerves of the 

' -I living cutter respond to 

* ^ the motions. When 

the knife slips into the 
'N cloth, the cutter feels it 
J at once and stops. 
^ Here is a double prob- 
TnNG VELVETEEN lom for the mventor. In 

some degree, a solution 
has been accomplished by the mventor of the 
machine now ui^ by many velveteen manu- 
facturers. On a frame 14 yai^ long, with roUers 
geared so as to remam fixed at any given point, 
and movable either forward or backward the 
cloth is placed. Midway between the two rollers 
we find the cutting apparatus. The knife has on 
its guide, but instead of the 
long blade and handle the 
short blade is fixed in a steel 
OUT AND UNCUT plate across the bed of the 
machme, which responds to 
the vibrations of knife and cloth The second 
half of the problem is not so simply solved, 
though some success has been attained By a 
pneumatic piston and a flexible hinge, the knife 
18 rendered sensitive to the lightest ol^truction. 
A knot or a puncture at once throws it out of 
action. In addition, the knife is watched and 
set to work bv the 
attendant, who is 
seated at the point 
of cutting. The 
knife cuts at the 
rate of 2,000 ft. 
a minute, and at 
the end of the race 
the cloth is wound 
back to the starting 
point, until the 
whole breadth has 
been out 
KnderB and 
Menders. Small 
punctures and 
other faults must 
> be expected to 
occur, both in the 
hand cutting and 
on the machine. 
When the cutters 
are done with it 
ftther A Plsti, Ltd., Manehofter) the cloth ia handed 

over to the darneni, 
who are named mdere or menders in die traide. 
They carefully iiuqiect the web, and fin up the 
faults with dim imitativeof the ratof tike fabrw. 
Outoida Oparntiona. Alter behigdaraed, 


the vdveteens and eord 
textile faetmy kito the h 


I go oat of the 
of the fahnehem. 
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this stage, therefore, is simply to inquire into 
what work wo expect from those operators. 
Ilrst, the cloth must be freed from all tne sizing 
and stiffening which have served us in the weav- 
ing«^ed and the cutting-room. The cloths are 
sc^ed, washed, and dried. Secondly, the pile 
is brushed up on brushing machines. Thirdly, 
the pile is cropped level on catting machines 
with spiral knives. Fourthly, the surface fluff is 
removed by singeing, either on the hot copper 
roller or tlmugh the gas flame [208]. Fif^ly, 
the cloth is bleached by the common bleaching 
process. Sixthly, the dyer puts on the colour. 
Seventhly* the pile is waxra by being passed 
through between rollers of solid beeswax. 
Eighthly, the brushing machine again comes into 
use, to raise the pile. Ninthly, th^e pile is gently 
** pegged on a ma- 
chine that strokes the 
cloth with a strip of 
hard wood. A finish- 
ing pegging is given 
the cloth by hand on 
tables of stone. The 
lappers or folders last 
make up the cloth for 
the warehouse. 

Finiahing 
Linens. Most of 
our linen fabrics pass 
through the bleaching 
process, which is fully 
explained in the Dye- 
ing section of this 
course. In several 
other respects, the 
finishing operations 
on linen resemble 
closely those of the 
cotton factory. The 
finishing department 
of the linen factory, 
however, has some 

special features. ' 

Beetling. \Vho- 



the rate of 100 blows a minute. Different 
effects may be simply brought off on the beetling 
machine. Imitation of watered silk «8 nrodueed 
by the disposition of the cloth in layers, so that 
the threads are variously pressed. Fine moireens 
are made in this way. Damasks, fine hollands, 
tablecloths, and table linens, are smoothly . 
finished in the beetling machine, the thread 
being flattened and closed up, while a fine lustre 
is created 

Other beetling machines hate been brought 
into use, mostly designed to expedite operations. 
Arapid machine is that of Mather & Platt [207], 
the blocks of which are suspended on leather 
straps attached to semicircular springs, which 
are worked by a crank from the head of the 
machine. It delivers about 450 blows a mmuto. 

Mangling. This 
' is another of those 

finishing operations 
which, though ac- 
cepted in many 
branches of the textile 
industry, properly be- 
long to the linen 
trade. The object of 
mangling is the 
stretching, smooth- 
t mg, and lustring of 

4^ ;/^ the cloth. Mangling 

was first mechani- 
cally peiformed by a 
i small waggon heavily 

loaded with stones 
' running on rollers 

< over a smooth table. 

This very clumsy ap- 
pliance has long been 
discarded Pressure is 
obtained by powerful 
screws, and the to- 
and'fro motion is ac- 
complished by recip- 
rooatmg rollers. With 
the exception of the 


ever discovered the 21017. beetlitto machine (Matiier & Piatt, Ltd., Manchester) weight and the recip- 
secret revealed m rocating motion, the 

beetling made a surprising hit. To change the mangle [208] is little more than a form of calender- 

appearance and character of a cloth by merely mg machine. Mangling is variously applied, 

beating it with a club, is a wonderfully economical 8<.>metime8 the clotli is taken direct from the 

p^ormance. Very probably the mventor was a beethng machine to the mangle, and m other 

woman. In olden time, the housewife, when the cases cold calendering inrocodes the mangling, 

fftmily linen had been washed, took a flat club. These are matters of factory practice, 

named a beetle, and beat the folded hnen flat and Calendering, viewing, dammg, and folding 
smooth, stretching out wrinkles and bringing the operations m the finishing of linens differ very 

fibres up closer to each other. little from those wo have already seen m the 

Beetling Maohinee. llie machine-maker othci textile factories 
hail undertaken no great transformation of the Jute. The factory finishing of jute itself 
domeetio beetles ; he has simply made them is cluefly calendermg. The calendering machines 

automatic and power-driven. The wooden are large and heavy, but of the same structure as 

pillars are set up on end, with projections fixed the common calenders used for lighter fabrics. 

OKI the back of each. A roller behind turns on Jute, however, is the basis of many floorcloths, 

these projections, and lifts them up in rapid oilcloths, and hnoleums. The manufacture of 

sueoesmn, letting the ends of the wooden blocks these faWics must be studied separately, and in 

fsll by their own weight. Hie cloth is wound on a the course of our examination of the mocessM of 

wide roller jdaoed below the beetles, and as it manufacture we shall deal with the whole subject 

tumSi the Imvy blcK^ beat upon the fabric, at of jute yam and cloth fin i sh i n g. 


Ctmtinued 
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Pi^imbcokerB* Act. Yet a y&j lam propor- 
tion of tbe Lcmdcm pawnbrokers, as wml as many 
in the provinoes, do a large business in that way. 

Present Conditione* With such a turn- 
over it would be thought that the trade of pawn- 
broking would be prosperous and flourishing ; 
yet such is far from being the case. The good 
days of pawnbroking are over ; competition is 
too keen, and too much is therefore lent upon 
the goods. It is a well understood maxim in 
the trade that the man who makes the biggest 
advances does the most business, and though in 
this way, by doing large numbers,** as it is 
called, ticket money — for a loan of lOs. or 
under, one halfpenny, and above that sum 
one penny — ^amounts to a considerable item, the 
loss on the realisation of forfeited pledges may 
easily lead to disaster. It should be remembered 
that all pledges above lOs. must be sold by 
auction; goods pledged for 10s. and under 
become the absolute property of the pawnbroker 
unless they are redeemed within a year and seven 
days. 

Forfeited Pledgee. Many pawnbrokers 
.dispose of their “ lows ” in bulk — ^quently at 
a mscount off the amounts lent — others 
utilise them in their own sale department. The 
latter process is ^nerally the more remunera- 
tive, especially if the articles have been care- 
fully “ taken in.** These statements may not 
be in accordance with the popular idea regard- 
ing a pawnbroker’s profits, but they are 
strictly accurate, and may b<^ verified by refer- 
ence to the advertisement columns of their 
trade journal. Few people realise the difiSculty of 
selling second-hand goods. It has been said that 
one of the finest tests of a salesman’s capabilities 
is to get him to try to sell a second-hand coat 
A brief experience will teach the novice that it is 
by no means an easv matter in these days when 
the market is flooded with cheap and shoddy 
material, with out, colour, and fashion constantly 
changing. The difficulty is quadrupled in 
regam to women’s clothing. 

PoMibilities of Pawnbroking. In spite 
of its unpopularity and somewhat unsavoury 
nature, a good living may yet be made out of 
pawnl^oki^. It is an 3 rthing but a ** get rich 
quick ” occupation, for it is a fact, though little 
understood by the public, that the pawnbroker 
works for less profit than any other class of 
tradesman. His “ profit ” — the word made use 
of in the Act of Parliament regulating the trade 
—on every two eduUings he turns over is but a 
halfpenny, far less than is made by the butcher, 
the baker, the grocer, draper, or any other shop- 
keeper with whom we have daily dealings. As 
one of Uieir number puts it, the pawnbroker 
does not get S6 per cent on his turnover, as is 
popularly imagined, but his profit or interest 
m cttloi^ted at the rate of 25 per cent, per annum, 
which k a very diflerent ^ng. Most retail 
traders price their goods so as to secure 26 per 
omit, pruflt upon their turnover, so that it fol- 
lows riiat if a Iradesipan has a turnover of £50 
per week he makes a gross profit of £12 lOs. 
if a pawnbredmr has a turnover of £60 per week 
he wiMdd not get more than a gross profit of 


£2 lOs. to £3, and that would include his charge 
for tickets as well as interest. 

Qusillflcatiotta of the Pawnbroker. 

To succeed in the business a man requires 
knowledge, ceaseless perseverance, and oapitaL 
In the metropolis few pawnbrokers employ in 
their business less than 1^,000, many as much as 
£10,000, some £20,000, and others considerably 
more than £30,000. In the provinces there are 
businesses carried on upon a capital of £500, but 
under such circumstances it must bo a bard 
struggle to find the wherewithal to meet the 
demands for wages, rent, rates, taxes, fuel, light, 
licences, insurance, and the numerous smaii 
expenses incidental to all retail businesses, 
to say nothing of household and personal out- 
goings. 'Hie cost of a pawnbroker’s licence is 
£7 lOs., and expires on the Slst of July. Those 
who make advances on gold or silver articles 
are also required to take out the higher licence 
to deal in plate — namely, £5 15s. 

As may readily be conceived, the difficulties 
besetting the bnsiness of lending upon portable 
securities are enormous. The id^l pawnbroker 
should know the value — that is, the selling price 
of every article under the sun, anything that 
has any market value whatever. Needless to 
say, if such a person exists, he is very difficult 
to find, and he would probably make a better 
living in another trade. Tho pawnbroker deals 
in everything, and has to exercise his judgment 
as to the character of the thing offered as well 
as of the offerer. Am a rule, he goes upon the 
assumptiou that it will be redeemed, and there- 
fore lends as iruch as he can upon the article 
with a due regard to the price it will fetch 
under the hammer, or, in the cose of “ low ” 
pledges, in his sale shop. Attention to market 
value — that is, the price at which any article 
will readily find a purchaser — is the essential 
for the man behind the pawnbroker’s counter. 
£x]^)erience alone will enable him to attain this 
desirable qualification. A man can scarcely 
be at the same time an expert upon precious 
stones, a judge of silks and satins, and fix the 
value of an overcoat and a pair of boots. Yet 
this is the pawnbroker’s daily task. 

Stolen Property. Apart from these diffi- 
culties there are others with which the pawn- 
broker has to contend He has to avoid taking 
in pledge property not lawfully acquired, or to 
which the pawner cannot confer a good title. 
He must also perpetually be on his guard lest he 
fall a victim to the wiles of the “ duffer.” The 
first 18 not an easy matter, for the pawnbroker 
has no more means of distinguishing the thief 
than has the owner of the stolen prop^y or the 
policeman who is searching for it. When traced 
to his keeping, which TOnerally happens through 
the pawn-ticket issued by the pawnbroker, the 
latter has, in most instances, to restore the 
article witoout compensation. Now and then, 
by grace of the magistrate, he receives a third 
(X a half of his advance. 

Duffing*' Iba Pawnbroker. “Duff* 
ing,” or “ mosking,” is a career pursued throng* 
out the country with considerable success. 
It consists of purchasing or manufacturing 
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goods, and plying them at a profit. Numbers 
are engaged in it, making their way from shop 
to shop, and from town to town, until th^ have 
sucoeeaed in persuading some unwary pawn- 
broker to advance them the sum they are pre- 
pared to accept. This may be considered a 
legitimate business, but there are other practices 
which are not so guileless. 

There is no royal road to pawnbroking. It 
cannot be learned or conducted by rule of thumb, 
but demands from its followers sheer hard 
work and close application; neither can it be 
imparted through the pages of a book. The 
pawnbroker must keep his nose to the ^indstono 
all day long, and the man who succeeds in mak- 
ing a competence at the business would probably 
do so far more quickly in any other indust^. 
The remuneration is slow, but it is certain. 
Pawnbrokers nowadays, outside Scotland and 
Ireland, at least, carry on a sale trade comprising 
jewellery, clothing, furniture, etc., and the two 
businesses materially assist one another. It has 
been advanced as a reason for pawnbrokers 
getting on so well in the world that they conduct 
five or six businesses under one roof. 

Asaiatanta. It is impossble to state the 
average wages paid to assistants. Everything 
depends upon the nature of the business. As 
in other trades, the West End houses require far 
more experience and ability in their employees 
than do those in the East and Southern districts. 
Experience gained in the East End of London is 
of very little use in the West, and experience 
gained in the West is of no use in the East. 
Of late years the once general custom of appren- 
ticeship has died out. Boys arc required for 
the warehouse where the pledges are stacked, 
also to write tickets and to book up the day^s 
transactions. After some probation, a smart 
lad may bo employed at the pledge counter, 
•where his real experience begins. The sale shop 
is generally distinct from the pawnbroking. 
“ Living in ” is the rule, and wnen speaking 
of wages has to be taken into account. An 
average London pawnbroker's establishment 
would comprise a manager or foreman, second 
and third hands, one or two warehouse boys, 
and possibly a porter. Boys living in would get 
from £6 to £9 for the first year, and the porter 
£30 to £50. Excluding a limited numl^r of 
very high-class houses, where exceptional ability 
is demanded and well remuneratea, the average 
pawnbroker’s manager living in would get about 
£100 a year, the other hanmi receiving from £30 
upwards. A proportionate increase would be 
given to those not living on the premises. In 
many houses it is customary to allow a commis- 
sion on sales. Anyone contemplating entering 
the trade should reflect that, unless he is a man 
of considerable means of his own, or has some 
very substantial friends with unlimited confi- 
dence in him, the prospects of quickly rising to 
the rank of a master are not hopeful. 

Booha on PawnlirolLiiig. The only 
books dealing with the subject are legal hand- 
books, the most up-to-date of which is the 
** Law of Pawnbroking,*’ by Charles L. Atten- 
borough ( 1897). The tme organ is ** The Pawn- 
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brokers* Gazette and Trade Circular,” published 
weekly. * The National Pawnbrokers* Association 
and various metropolitan and provincial societies 
exist to protect the interests of their^embers. 
There are also a number of flourishing charitable 
and benevolent institutions in connection with 
the trade. 

PERFUMERS 

To-day perfumes are sold largely by chemists, 
hair-dressers, drapers, and in all the departmental 
stores. The true perfumer — he who keeps open 
shop for the retail sale of perfumes and toilet 
articles alone — is not often to be met with 
nowadays, not so often perhaps as he might be. 
For there can bo no question but that there are 
many openings, especially in the larger and 
bettor-class cities and toi^^ns in the countr 5 % 
for a practical perfumer who knows the busi- 
ness thoroughly, and who is prepared to do 
it well. Of course, perfumes and toilet adjuncts 
are more or less luxuries. The neighbourhood 
selected must therefore be a good one, and the 
shop, stock, and appurtenances must appeal 
to the aesthetic in mankind, and especially in 
womankind. 

How to Learn. The business is best 
learned in a chemist’s shop. There the manu- 
facture (or blending) and the sale of perfumes 
is a regular part of the chemist’s business. 
Moreover, the science of chemistry plays a very 
im^rtant part in the modern art of perfume- 
making, and the youth who is taught the scien- 
tific compounding of compatibles and incom- 
patiblcs in his daily routine is leoirning the prime 
essential of the making of agreeable scents. Of 
course, an apprenticeship of four years to a 
regular perfumer, either wholesale, manufactur- 
ing, or retail, may serve the pui'pose quite 
as well, but it is a noteworthy fact that most 
of the successful perfumers of the day have 
been chemists first and perfumers afterwards. 

What to Learn. The things to bo 
learned during the novitiate are many and 
various. First, and most important of all, there 
must be the “ cultivation of the nose,” as it 
might be termed. The successful perfumer has 
so highly trained a nose that he can detect 
delicacies of smell that elude the ordinary person. 
This is a matter of experience and application, 
but primarily of instinct. The business of the 
novice is, therefore, to become acquainted with 
the properties and possibilities of the various 
crude products with which he is brought into 
contact, so that he caq evolve something pleasing 
to the senses. Ho is taught how to blend 
essential oils of lavmder, origanum, sandal, 
orange, lemon, and what not, in certain pro- 
portions with rectified spirit or with perfumed 
waters in such a way as to produce a perfume. 
He macerates musk, orris-root, ambergris, and 
so on, to make bases for recognised plumes, 
and he learns how to distil flowers for the 
preparation of the oils they contain, and how 
perfumes are prepared from fresh flowers by 
simple absorption in a fatty medinm. He comes 
to know the value~-and the worthlessneBS-— of 
various synthetics which are oft>en employed in 
the manufacture of cheap perfumes, and the 



kinds o! bottles to buy for bottling certain 
brsnde, the style of labelling, capping, and tying 
with ribbon, packing, and so foi^, that is 
necessary to produce a finished product that will 
sell. Furthermore, and vitally, he acquires 
inside information into costs and profits, and the 
advantages of adequate display. Joined to per- 
fumes and part of the family tree, so to speak, 
are many toilet dainties in which perfume is an 
essential, and often the essential ingredient. 8o 
the youth who has mastered in a kind of way the 
art of making a perfume has yet to learn the 
many ways in which it is adapt^ to the taste of 
the dainty lady of fashion. He is taught, or 
ought to be taught, the mysteries of ma^ng 
perfumed sachets, toilet creams, face powders, 
mades, lip salves, cold - creams, cosmetics, 
th powders, massage lotions, hair dressings, 
brilliantines, hair restorers, theatrical groatie 
paints, and a host of allied preparations that are 
intended to make the plftin beautiful and to 
stave off the ravages of feme. The question of 
toilet soaps itself is a large one. 

Ways and Means. An adequate experi- 
ence having been acquired, the young man (or 
woman) with a capital of £500 might essay a 
new business. As before mentioned, the shop 
selected must be in a good-class neighbourhood 
If the adventure is to be made on perfumery 
and its adjuncts alone. It must be done well, 
or not at all, for the cheap perfume business is 
not worth the candle. Those who want cheap 
perfumery can get all they desire in endless 
variety from the draper, the hairdresser, or the 
chemist. Bo a modest shop in a good-class, 
busy thoroughfare of a good provincial town, 
or a flourishing metropolitan suburb, should be 
secured and fitted up well. It will pay to spend 
at least £200 on good fittings in an eligible 
neighbourhood. Light oak, mahogany, or other 
fancy wood, carved or plain, but in good taste 
should be chosen. The window should be 
carefully looked to, and fitted so that it will 
display in the daintiest manner possible the 
delicato stock that is to tempt the passer-by. 
Borne tastes run to velvet plush draperies of 
various shades in the window, while other.4 
affect plain oak recessed cv)mpartment8 with 
brass standards for displaying goods, and 
mirrored backs, sides, tops, and bottoms. The 
regiilaticHa shop with counter and cases, has 
given place of late years to the aaiUm style of 
shop interior. A handsome carpet on the* floor, 
a perfume case of one design here, another of a 
difterent style there, a profusion of mirrors, 
pahns, and flowers dotted in odd comers, with 
handsome cut-glam show perfume bottles, 
perfumed soaps or toilet specialities insinuated 
m unexpected places, but not obtruding on the 
general scheme, dainty curtains, a delicate 
perfume, and a general air of luxury ; such is 
the* modem perfume oakm. 

Buying. The young perfumer would not 
at first attempt to make and bottle his own 
petfimies entimy. He would probably have a 
^ boimuet ** evdn^ from his inner consciousness, 
In he had hopeB of great popularity, and 

this ImtfOnMmasiimKsture and put up as a send- 


off. It would re(mire to have a catchy name, 
and be original and attractive in style of get up. 
Nowadays, most wholesale perfumers, manu- 
facturers of toilet soaps, ana makers of toilet 
articles, offer perfumes, soaps, and other goods, 
packed in a selected style and labelled with the 
retailer’s own name and address. The opening 
stock need not be large ; in fact, it rhould be ati 
small as possible, keeping in consideration the 
ephemeral nature of the goods and the danger of 
soiling 1 abels and caskets. The amount expended 
in stock would not, therefore, be more than £150. 
For one must remember that crowded perfume 
cases are neither artistic nor necessary. 

Whut to Buy. First and foremost, the 
beginner would select about 10 lb. of assorted 
perfumes in bulk. These would include the more 
popular perfumes (in triple extracts for reduction 
with spirit or otherwise), such as jockey club, 
essence bouquet, heliotrope, Parma violets, lily of 
the valley, moss rose, musk, myosotis, new' mown 
hay, stephanotis, sweet pea, wallflower, white ror e, 
ylang-ylang, and so forth, which ho would order 
in J-lb. or ^-Ib. quantities at a cost of from Os. 
to ]()h. 6d. per lb. Then he would carefully 
choose an assortment of bottled perfumes, in 
1-oz , 2-oz., 4-oz., up to 8-07. sizes. One gross 
of the 1-oz. size would probably cost about 
£10, half a gross of the 2-oz. size, about £8, 
three dozen of the 4-oz. size £5, and so on. It 
must be distinctly understood that no cheap 
perfumes should be touched, except in rare 
instances, and great care and thought should bo 
exercised in the selection, which should not require 
more than £!><> to £40 all told. Beside the 
bottled perfumes, there are also caskets or 
cabinets containing bottles of assorted styles, 
the caskets themselves being works of pictorial 
art and chaste d<H*oration. A sum of £10 should 
secure a good display of caskets in designs to 
suit all tastes. Besides these, there are the pro- 
prietary brands to be stocked. Another £15 
to £20 would have to be spent on the “ creations ” 
of Rimmel, Vinolia, Grossmith, Atkinson, 
Gosnell, Erasmic, and other British makers who 
have made thoir wares popular all over the 
world; while the staples of Continental per- 
fumers like Roger & Gallet, Piver, and Pinaud, 
and the celebrated Farina eau-de-Cologne must 
not be forgotten. 

Sundries. This may seem a modest esti- 
mate for one aiming at doing a high-class 
business, but it should suffice, for it must not be 
forgotten that the balance of the £150 will be 
required — and perhaps a little more — to cover 
the necessities that remain. These include toilet 
vinegars, hair washes, hair pomades, hair oils, 
brilliantines, mouth wa8h^3s, and liquid denti- 
frices, tooth pastes and powders, cosmetics for 
the hair and moustache, creams, pastes, cos- 
metics and powders for the skin, toilet milks, 
perfume sprays, perfumed sachets, toilet powders, 
smelling salts, incense ribbon, fumigating 
pastilles, manicure sets, shaving creams, and the 
important section of toilet soaps. All these must 
be select in small, assorted quantities (i dozens 
or } dozens), the aim being to have as varied 
an assortment as possible. 
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Development, As the business grows, the 
nuui with a genius for perfumery will soon evolve 
new notions, and, provided he can hit on a novelty 
in perfume, to which he can attach an original 
and striking cognomen (always taking care to 
endeavour to be imique in the style and finish of 
their packing), his success, all other things being 
favourable, is a foregone conclusion. If a new 
perfume is evolved — and there are thousands put 
on the market annually — the usual method is to 
run a series. That is to say, should ho produce 
a perfume which he names ** Eunitia,” for 
instance, he would have besides ** Eunitia ” 
bouquet in various sized bottles, “ Eunitia 
toilet cream, “ Eunitia ” sachet, “ Eunitia ” 
face powder, and Oven “ Eunitia ” toilet soap. 
There is great scope for ingenuity in such an 
occupation, and to the earnest enthusiast the 
business is a fascinating one. Then the question 
of face massage and complexion beautifying is 
becoming yearly more important. As trade 
increases, a portion of the shop might be cur- 
tained off, or the back shop premises converted 
into a kind of a boudoir, where Society dames 
may have their jaded complexions renovated 
by an experienced masseuse with creams and 
lotions compounded on the establishment. This 
once attained and a fair connection secured, 
the business becomes very profitable indeed, for 
what will not woman sacrifice to maintain her 


beauty ? Some perfumers have chiropody as a 
side line, but this requires skill, and generally 
entails fhe employment of expert and high-priced 
operators. The art of manicuring, however, is 
easily acquired, and well repays the time and 
trouble spent on it. Detailed particulars regard- 
ing “Manicuring” emd “Massage” will be 
found on pages 3738 and 3739. For “ Cliiropody ” 
see page 1895. 

Two Representative Formulas. In 

the course of his tutelage the young perfumer 
will become acquainted with many formulas or 
recipes for the preparation of various perfumes. 
The aim has been and still is to imitate by the 
combination of various essential oils the perfume 
of known flowers. In many cases this imitation 
is very successful, although the most satisfactory 
perfumes are undoubtedly made by direct ab- 
straction from the real flowers, either by distilla- 
tion or by enfleurage. The latter process pro- 
duces the best results, and is done by placing 
the petals or leaves on fats, either hot or cold. 
These processes, however, require a special plant, 
which the retail perfumer would not possess ; so 
he would buy essential oils from a reputable house, 
lay in a stock of rectified spirit, and make a 
“Honeysuckle ” perfume, for instance, by mixing 


the following ingredients : 

Oil of pimento 10 drains 

Essential oil of almonds . . . . 10 drams 

Oil of cedrat . . 5 oz. 

Oil of origanum 3 drams 

Otto of rose 1 dram 


Rectified spirit 4 pints 

The usual process is to add the oils to the 
spirit in a stoppered bottle, shake, and 
Mve to mature for a week or two before bottling. 
The most popular of the perfumed waters is 
“ Lavender Water,” and eveiy perfumer has hw 


own formula for this. A delightful ” lavender,” 
and one which is said to have been prepar^ 
for and used by George IV. is made as follows : 


Mitcham oil of lavender . . 6 ^rams 

Essenoe of musk 6 drams 

Essence of millefleurs 6 drams 

Oil of bergamot 3 drams 

Otto of rose i dram 

Rectified spirit 48 oz 


One of the prime essentials in the preparation 
of a lavender water is to make sure that a well- 


matured English oil of lavender is used ; and the 
perfume, after being mixed, should stand for 
from four to six weeks with occasional shaking, 
before being filtered through filtering paper. 
Grey filtering paper of English make should be 
employed, and the paper should be warmed 
before the filtering process is begun. 

Alluring the Public. A brilliantly-lighted 
and luxurious window display frequently changed 
is necessary to attract the public. The vogue of 
recent years has been to make displays of special 
perfumes by the use of floral adjuncts, such as 
baskets of roses, bo-ribboned receptacles for 
perfume bottles, soaps, sachets, etc., palms, 
greenery, and other elegantly executed pictorial 
representations of high art, and adjuncts of a 
like nature, to draw the public to the window. 
Sprays of honeysuckle in profusion would 
impress the “ Honeysuckle bouquet ” on the 
public mind, and tempt to its sale, while baskets 
of lilies or twining loops of iris, or other known 
flower, would be employed for the perfume it 
represented. The main feature, however, is 
good taste in all displays, and the lavishly floral 
or the gorgeously plush may with profit in many 
instances be replaced with effect by the severely 
classical, or, as m the case of Old English Lavender, 
by an old-world touch. On the opening week, 
tiny sample sachets or sample bottles of a special 
perfume might be distributed judiciously, and a 
never- failing attraction and strong incentive to 
purchase is the practice of having one or two 
spray bottles containing representative perfumes 
on the counter or tables in the salon, by moans 
of which the customer may “ try before she buy.” 

Profits, llie perfumer will have no difficulty, 
with a good character and £500 in the bank, 
in obtaining credit on the usual monthly or 
three-monthly terms, and he will find, as in 
most other businesses, that prompt cash brings 
the largest discounts. Thus, if he pays for his 
opening stock “ on the nail ” he will secure from 
7} to 10 per cent, off the list prices — a considera- 
tion on a £150 order. The profits on perfumes and 
toilet articles are good, averaging from 40 per 
cent, to 50 per cent, on the turnover. Pro- 
prietaries do not bear so great a profit — the best- 
Known perfumes and soaps bearing, roughly, 
15 per cent, to 25 per cent, profit only. But the 
bulk perfumes show consioerably over 50 per 
cent, average, and when a formula has been mo- 
duced that gives a perfume that can be sola in 
1-oz. bottles for 28., for instance, the profits 
mount up higher still. Taking all things into 
consideration, however, one im|^t say that a 
fair average all round may be struck at 50 per 
cent, on the turnover — a brofit by no means to bo 
despised in these times of stores mid out prioeB. 
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Sources of Maple Sugar. Maple eugar 
is the produce of several kinds of maple- trees, 
the following being the chief varieties: 

Sugar maple, hard maple, or rock maple — 
botanical names: Acer Oarbatum, Michx.t A. 
eaccharinmi Wang, 

Silver maple, soft maple, white maple or 
swamp maple — ^botanical names : A. sacchar- 
iuum Linn,^ A, daaycarpum Ehrh. 

Bed maple, soft maple or swamp maple- 
botanical name : A. rvbntm Linn. 

Black maple — botanical names : A. barhatim 
nigrwn 8arg., A. aacckarinum nigrum T, and (7., 
A, nigrum Mioh. 

Production. Maple S 3 mip and sugar have 
a distinctive delicate &vour, on which account 
they are much prized in the countries of pro- 
duction— Canada and the United States. The 
production of maple sugar is looked upon as a 
remunerative adjunct to other farming indus- 
tries. The season for tapping begins where 
winter ends, and is over before the ^ound is 
sufficiently thawed and settled for spring work 
proper. It therefore occupies a period when 
little other farm work can be done. In 0<uiada 
some 10,000,000 lb. of maple sugar is made 
annually, while in the United States the annual 
production emproximates 45,(X)0,000 lb. The 
bulk of the United States production of sugar 
and syrup is made in the States of Vermont, 
New York, Ohio, Pennsylvania, and New 
Hampshire. The production of maple sugar 
has been especially encouraged in Vermont, 
where a bounty was paid on quantities of at 
least 500 lb. sugar testing 80 degrees or over of 
the polariscope. The industry was establic^ed 
in Vermont by the Indians, and from them tlie 
early settlers learnt the process of manufacture. 
Between the years 1896 and 1904 the University 
of Vermont and State Agncultural College 
conducted a research on maple sugar which has 
cleared up many doubtful points ; this research 
is the most complete study of the subject that 
haa been made. 

How the Sugar la Obtained. Maple 
sugar is formed from starch, in the late 
winter and early spring. This starch is 
stored in certain sapwood cells during the pre- 
ceding summer, and is probably transformed 
into sugar through the action of enzymes (fer- 
ments). Die starch is formed in the loaves 
under the indaenoe of simlight, and a large 
leaf area and tAenty of sunshine conduce to 
a good sugar yield. As will be explained later, 
the is tapped, and the sap &om which the 
wgar is made nows through the tap into a bucket 
placed to reoaiye it [16]. The immediate cause 
a the flow from the tap hole is sap movement 
uadm pressure towards the point of least resist- 
ance. The CKoif^ cause m the flow seems to 


be temperature fluctuations backwards and 
forwards over the 32® F. line, causing altema- 
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tion of pressure 
and suction — ^a 
pump - like ac- 
tion. The ulti- 
mate and abso- 
lute cause can 
hardly bo this 
or any other 
physical one ; it 
is probabty a 
function of 
living cell. 

The maple 
trunk rapidly 
accumulates 
water during 
the late winter 
and early 
spring. It at 
all times con- 


tains much gas enclosed within the coll walls 
of the woody tissue. The sap passes through 
these cells readily — ^gas scarcely at all. More- 
over, temperature chiingcs cause expansion, or 
contraction of the volume of gas, and change 
in pressure. Increase of water content and 
rising temperature produce pressure, pressure 
induces sap movement, and sap movement 
moans sap flow. Pressure and sap flow come 
from above and below the tap hole, but little 
trom the side. 

Season for Tapping. The time for 
tapping is from the middle of February to late 
in March, when the nights are still frosty, but 
sunny and warmer days prevail. If at this 
time the trunk of the maple be tapped, by boring 
mto it for a depth of 3 in. or less, and a sap spout, 
or spigot, be inserted, the sap exudes and falls 
drop by drop, quickly or slowly, according to the 
weather and time of day, mto the bucket. The 
Sf'ason lasts well into April The taps used 
arc figured in 17, the top two being the simplest 
kinds ; the fourth, the “ Foster ” tap, is one 
much in use, the 
hook being used 
for suspend!^ the 
bucket. The ool- 
locting pail should 
be of tin, and have 
a cover to keep out 
snow, rain, and 
dirt, since much 
extra fuel is needed to evaporate the sap when 
it is mixed with rain or snow The pail holds 
from 16 to 18 quarts of sap 
No more sugar is yielded by tapping on the 
branchy side of the tree than on the^ side rela- 
tively devoid of branches The hole in the tree 
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into which the t<ap is inserted is made with a 
sharp bit, about four feet from the ground. 
The larger the tap hole the more sap and sugar, 
for a time, at least. It is undesirable, however, 
so to wound the tree that the hole will not soon 
heal. A I to f in. bit is best for tapping, and 
care should be taken to free the nole from 
shavings and borings before the tap is inserted. 
The sap is at first quite clear, but as the season 
advances the flow lessens, and the sap becomes 
thicker and cloudy. 

Yield of Sap. A good sap day, of which 
tliore are ten or fifteen in a season, occurs only 
after the air temperature has remained below 
freezing point for some time. Warm days and 
frosty nights form ideal sugar weather. Some 03 
per cent, of the sap flows before noon. The total 
sugar content of a tree raiding 135 gallons of 
3 per cent, sugar is appnjximately 35 lb. The 
average yield of sugar from a small tree is 3 lb., 
which represents 9 per cent, of the total sugar 
content. A pound of sugar from each pail of 
sap is the usual amount, and is amply maintained 
in practice. The sap ice should not be discarded, 
fis ice removes muon sugar. The duration of the 
sap flow depends on the weather conditions; 
it may be fairly continuous for some time, 
but is commonly broken into distinct runs. The 
swelling of ^e leaf buds preparatory to bursting 
marks the end of the flow, or season. 

Trees under 25 years old are seldom tapped, 
as the yield is too small to pay ; but once a tret' 
is tapped the process may be continued annually 
for forty years, without harm to the tree. 

Sugar Boiling. The process of obtaining 
sugar from maple sap is extremely simple on 
account of its purity and freedom from extra- 
neous matter. The contents of the sap buckets 
are emptied into a tank in the boiling shop, and 
from this tank the sap is led to the evaporator, 
which is boated by prunings of the maple grove. 
The evaporator [18] is a large iron pan from 10 
to 18 ft. long, 4 to 5 ft. wide, and 6 to 8 in. deep, 
divided by par- 
titions so that 
the sap, ad- 
mitted by a tap 
regulatea by a 
float, takes a 
devious course 
before it reaches 
the far end. 

The sap boils 
furiously, and 
is skimmed all 
the time by means of shallow tin skimmers. 
The incoming sap makes a continuous current/ 
throughout the evaporator, and by the time 
the sap reaches the outlet it is a more or less 
thick syrup. While hot, the syrup is passed 
through a felt strainer. 

Maple Syrup. If the maple sugar be 
requir^ in the form of syrup, which saves 
much time and fuel, it is evaporate to a density 
of 1*325 or 11 lb. of sugar to the gallon, and poured 
while hot into perfectly clean pans or tins, 
which are then sealed to keep out the air. 
Byrup of this stren^h will not granulate under 
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ordinary conditions. The strength to boil can 
be gauged by a thermometer. vHien the thin 
sap begins to boil, its temperature is about 
213^ F. As it boils down and becomes thicker 
the temperature at which it boils rises until 
towp^rds the end it may be 235® to 240® F. A 
syrup, if consisting only of sugar and water, 
boiling at 230® F. would test 80®, and at 
263° F. 90® polariscope, and each degree over 
this temperature approximately one per cent, 
of sugar. 

If made into sugar, the syrup is boiled over 
a brisk wood fire, in a pan smaller than the 
evaporator, to a concentration which will 
crystallise into sugar on cooling. There are 
various methods of determining when this 
sugaring point is reached, the usual tost being 
to pour a little of the syrup on to siiiow, when, 
if ready, it gives a stringy or hairy product. 
The pan is then removed from the fire, the mass 
stirred or dipped until graining begins, and 
transferred to tubs to harden. Variations in 
the manufacture are practised, a little lime or 
soda being, in some cases, added to neutralise 
free acids, and in others white of egg is used to 
make a crystal white product. 

Palm Sugar, Tn India, besides the sugar 
cane, several palms are used as sources of sugar. 
The chief kinds are : 

Palmyra palm or crab tree — botanical name, 
Borasms flahelliformif* Linn. 

Indian date palm — botanical name, Phoenix 
Sylvestria. 

Sago palm — botanical name, Caryota urena 

Coconut palm — botanical name, (Joeos nucifera. 

Neen tree — botanical name, Melia azadirctchta 

The Palmyra Palm. The Palmyra palm 
constitutes the only species of the genus palm- 
acea, the word ffahdliformis referring to the fan- 
shapc'd l(*avoH. Tt is very widely distributed, 
and is found in South America and Australia, 
and in every part of Hindustan. The average 
height of the tree in Tinnevelly is 40 to 60 ft., the 
circumference at the base being often 6J ft., and 
at the top 2^ ft The roots penetrate to a great 
depth, and hence deep loose soil is best for 
the growth of the tree. The cultivation is easy, 
it being required simply to collect and sow the 
seeds, which germinate readily, and to protect 
the young saplings from cattle and from villagers, 
who collect and use the young shoots as a 
vegetable. The tree cannot stand very much 
drought, and is best planted in a rather damp 
locality. 

Method of Collecting the Sap. Tlic 
saccharine juice of the Palm^a palm is obtained 
by bruising the flower stalk with a wooden instru- 
ment resembling a pair of compasses so as to 
crush the embryo flower or fruit within, and b\ 
taking a thin slice off the end for several day'' 
The cmject of slicing the end of the spathe is to 
facilitate the exit of the sap, and to prev^ it 
from bursting the spathe. About the eighth 
day the sap logins to exude, and k received in a 
little earmen vessel attached to the stalk. 
The inside of this vessel is smeared with ohunam 
to prevent the juice fermenting. The tree is 
climbed both morning and evening for bleedings 
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but the sap which has collected since the last 
ascent is usually brought away in the morning 
only. The quantity of juice yielded by a male 
tree is about two-thirds of that obtained from a 
female^tree. The palmyra season extends from 
the beginning of February to the beginning of 
October. Much of the fermenting sap is drunk 
just as it comes from the tree, and when allowed 
to ferment forms the intoxicating beverage 
known as toddy. Still more of the juice is boiled 
into jaygery^ or converted into sugar cavdy. 

The palmyra continues to yield throe or four 
quarts of sap a day for four to five months, 
but once in every three years the operation of 
tapping must bo suspended, and the fruit per- 
mitted to form, otherwise the tree would die. 
The juice contains more sugar than other palms, 
three quarts of juice yielding one pound of jag- 
gery. The tree goes on yielding juice for about 
fifty years, and begins to give sap whtm about 
15 years old, but this depends upon the locality. 
The production of sugar from the sap is dealt 
with in the section devoU^d to the date jialm. 

Indian Date Palm. The date palm attains 
a height of 30 to 40 feet. It grows most abun- 
dantly in Bengal, Behar on the Otiromandel 
coast, and Guzerat. In* Jessore and oIIkm* 
districts of Bengal, it is extensively utilised 
as a source of sugar. The higher ground is that 
chosen for date palm cultivation, and the sewl 
is planted in rows 12 ft. apart. After seven years 
a tree ready for tapping is obtained, the process 
being repeated thenceforward every year. There 
are two series of leaves, the crown leaves, 
which rise straight from tlie top of the trunk, 
and the lateral leaves, which spring out at the side 
of the top part of the trunk. When the rainy 
season has completely passed, and there is no 
more fear of rain, the cultivator cuts off the lateral 
leaves half round the tree, thus baring a surface 
measuring 10 to 12 in, each way. This surface, 
at first white and afterwards turning brown, 
is not the woody fibre of the tree, but is a bark 
formed of many thin layers which change colour. 

Tapping the Date Palm. After 
tree has remained for a few days, the tapping 
is performed by making a cut into this exposed 
surface in the shape of a very broad V, about 
3 in. across, and J to J in. deep. Then the sur- 
face inside the angle or V is cut into, so that 
a triangular surface is obtained from which 
sap flows. The sap flows to the bottom of the 
angle of the V, where a small bamboo spout 
is placed to convey it to a small earthenware 
vessel. Tlie tapping is arranged throughout 
the season by periods of six days. On the iirsi 
evening a cut is made as described, and the juice 
allowed to run during the night,* this juice being 
the strongest, and known as jiran juice. In the 
evening another slice is cut off the exposed sur- 
face, the sap obtained beii^ term^ do-kat. 
No new cut is made on the third night, the juice 
which runs out being called jarra. The tree is 
then rested three nights, and again tapped as 
described above. In time the tree gets a depth 
of four inches taken out of the wound. The 
following season, the opposite side of the tree is 
tapp^ each tree yielamg juice for about forty 
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years. The notches are always on the east and 
west sides of the tree. Tlie clearer and colder 
the weather, the more copious the flow. Tap- 
ping begins in November, the best flows being in 
DeeemlS»r and January. The flow diminiSies 
as the warm ueather comes. Each tapping 
yields five speis of juice on the average, and 
seven to tem seers produce th(' seer of guln. 

Tlie annual yield of sugar from palm-trees in 
India is estimated at 100,000 tons. 

Other Sugar « yielding Trees. The 
sago jHilin of India is the chief source of palm 
sugar in Southern (‘eyion, and in the Bombay 
Presidency more sugar is made from it than the 
palmyra palm. The coro-ntit palm is ust*d as a 
source of sugar in Madras, while only a small 
quantity of sugar is obtained from the Neern 
trt»e. 

Sugar-making in India. The process(‘s 
follow'cd in making sugar from cane jnie<» are 
flhowm in the table preparc»d by Mr. O. Miller 
for the “ Agricultural Ledger.” It is given here 
[19] to show^ the great varieties of sugar which 
are prepared from on(‘ source*, and also because 



19. TABLE or iNr»i\N sro\Ks 


jome of the methods arc followed in ]>re])aring 
sugar from the sap of tlie Palmyra palm and 
Indian date palm. 

The juice from lh<‘ palm is boiled at once in 
largo pots placed in a hole on th(‘ top of a dome* 
of brickw'ork which is over a w^ood fire. The fire 
is kept burning by using the leaves of the 
trees with the wood fuel. The juice is clear 
when put into the pan, hut afU'r boiling turns 
dark brown, and yields a semi-solid mass called 
guhr. This, when still warm. Is poured into small 
earthenware pots. It takes two and a half hours 
to boil a panful of juice to the guhr condition. 

Tlie refining processes of India do not involve 
the use of charcoal, but consist of eliminating 
the molasses more or less perfectly by draining, 
reboiling, and claying. The cane-juice table 
sufficiently explains the general methods followed 
in the ca^ of palm sugars. The English system 
is also followed to a limited extent. It should 
be noted that the greater purity of the palm juices 
makes the refining a less troublesome operation 
than in the case of cane juice , it is also cheaper. 
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Sorghum Sugar. Broom corn, CbineRc 
Biigfir cnne, Tmphee or Sorgho — botanical 
name, Sorghutu ftoccharatim Per ft . — ir a gramina* 
coons plant wliicli han been the subject of much 
exjierimont as a sugar producer f20J. Experiments 
in KansaR have shown that sorghum may be 
developed in any par- 
ticular direction by 
continuous selection of 
seed from cane which 
has the qualities de- 
sired. In this V ay 
the percentage* of sugar 
might be increased and 
the proportion of im- 
purities in the* juice 
diminished. 

No sugar, or only a 
v(*ry little, is produced 
from sorghum at the 
present time, but a 
consid(*rable quantity 
of sorghum syrup is 
manufactured. 1''he 
difficulty has lieen to 
get rid of the starch 
and gummy matters, 
and the uncrystal - 
lisable sugars which 
prevent the sugar from being prepared in a dry 
stale. The juice of the sorghum contains about 
10 jier cent, of sugar. A variety of sorghum 
(N. v\dgare Pers.)oY great millet, also yields sugar. 

Cultivation of Sorghum. Sorghum as 
a source of seed for cattle-feeding purposes is 
considered by some experts to lie sujierior to 
maize, and it is probable that future investiga- 
tion may result in varieties which yield a maxi- 
mum of sugar as well as tully-matured swds. 
The varieties at })resent best known are the 
Honduras, early amb(*r or early golden, and 
white Liberian. The stalk is J in. to 1.J in. in 
diameter, and from 0 to 12 ft. long. Sorghum 
is not affected by drought and can be grown on 
any good corn land. The land should be deeply 
ploughed and freed from lumps in the spring 
by rolling or harrowing. Planting should not 
Iw too early, but in warm and moist soil, so that 
the plants appear in a few days. The plants 
may be thinned, and are best planted in hills, so 
as to be able to stand the wind lietter. Close 
planting checks the growth of weeds, but ex- 
clusion of light is delet(*rious to tlic growth. 

The time required for maturing varies from 
90 days in the case of the early amber, to 140 
days for Honduras. The time for harvesting is 
when the seed has passed the doughy stage and 
fools hard. The* tops are removed by a sickle for 
the sake of the seed, and sometimes the stalks 
are stripped for fodder, but tliere is no difference 
in sugar yield between stripped and unstripped 
stalks. It is important to reject immature canes 
as the larger proportion of glucose they contain 
prevents the crystallisation of the sugar. 

Collier emphasises the following points: 

1 . A cane that matures quickly and has as long 
a working period as possible should be selected. 


2. The cane should not be v orked too early ; 
the seed should be well matured and quite hard, 
and the juice should have a s]M'cific gravity of 
at least 1*0H6. 

3. After cutting, the canes should be worked 
up without delay. It is best to draw dirt'clly 
from the field to the mill, as required, to keep 
the mill going. 

The stalks are passed through rollers as in tin* 
case of the sugar cane, tin* juice is then lim(‘d, 
defecated, sulphured, and concentrated in much 
the same way as for Beet Sugar |page 41()0J. 

Sorghum Syrup. The* Ihiited States 
Department of Agriculture has issu(*d in a 
popular form a pamphlet dealing with the pro- 
duetion of sorghum syrup, of Avhich the following 
is tin abstract of the practical portions. Tin* 
juice as it comes from the mill is treated witli 
Huffieient cream of lime to render it sliglitlv 
alkaline when tested with litmus ]>a]>er. E.\c(‘ss 
of lime should be avoided. 'Phe addition ol lint* 
flay at this stage is also reeommc'nded iiu* clay, 
in very line pow'der. is stirred in w^ater to makt* 
it into a thin batter, and a small quantity of tins 
is stiiTcd in after the lime*. 'J'he lime* and day 
gradually subside and take down with th(*m the 
impurities ot the jim*e. The* vessel eontcining 
the juice is allowed to remain undisturbed until 
the juice is cleared The clear juice is t h(‘ii dra w n 
off, heated nearly to boiling point, and a little 
siiperphospliate ot lime added to make the* liquor* 
distinctly acid to litmus paper. About a gallon of 
<*oiieentrat(*d superphosphate of lime is sufficient 
for from 4(K) to 500 gallons of juice, the (piantity 
depending upon the amount ot lime that was 
used. Excess of superphosphate must not he 
add(*d, as it affects the taste of the ])r(Kluet. 
The mixture settles out a precipitate from which 
th'^ clear juice is separated and rapidly concen- 
trated in an evaporator. Bright and brilliant 
(‘larified juice is essential to success. Aft<*r 
evaporation to a suitable density the* syrup 
is cooled, and when it reaches the temp(*ratuve 
ot the ail’ it is put into barrels. Jf no clay bi* 
used in tlie process of manufacture, the juice is 
slowly heated after the addition of lime and tin* 
scum that forms removed by a skimmer. Tin* 
juice may have a little bisulphite of lime added 
at tins stage as a preservative* and colour im- 
prov<*r. After the juice has been thoroughly 
skimmed it is allowed to settle for from one to 
two hours, the clear juice being draw’ii off from 
the sediment and evaporated very rapidly into 
a syrup. 

Maixe Sugar. ^ The stalks of Indian corn. 
zea mays, contain from 0 per cent tx> 12 jior cent, 
of sugar, and have been used as a source of sugar 
by the Mexicans in ancient times. The taste 
of tlie syrup or sugar obtained from maize* 
resembles that of maple sugar. 

Sugar cannot be made from maize to compete* 
profitably with that of the beet, but it is (|uite* 
possible that a systematic selection of s^d 
according to the sugar yield would give bette»r 
results. It would be an ideal state of things 
if the corn could be grown both for its seed and 
sugar. 


CorUinued 
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LITTLE BOYS’ SUITS 

Group 9 

DRESS 

The Drafting^ and Making of a Man-o -war Suit The 

30 

• Jumper and Whole-fall Trousers. Sleeves and Pockets 

CttlMmi k’m ( IO'IKI^M 
fioiii 41i*U 


By AZELINE LEWIS 


8hapo of the first small shirt out on manly 
* lines is shown in 87, and is made in practically 
the same way as the grown-up model, for which 
we must refer the maker to Siiirtmakino, 
where full directions are given. The yoke is of 
double material, cut selvcdgoways, and i^ stitches! 
to the gathered back, as the notches indicate. 
The button stand is stitched to the right side 
of front opening, and the mitred wra]) on tlu* 
left, as it must b(‘ remembered that men's gar- 
ments fasten over from left to right, and not 
right to left, as those of the other sex. This 
shirt will take 1 yd. of 36-in. material, either ol 
tlannei or shirting. 

The pattern can also be utilised for the 
French shirt sliowii in (h) of 36, the lower portion 
being merely elongated and cut leg-fashion. As 
already mentioned, if these be further extended, 
and the garment made larger, it forms an excel- 
lent sleeping suit. 

Man-o*-war Suit. The drafting and 
making of this suit arc given in full, as they 
present a few variations, and the style is aUvays 
popular. Besides this, the small trousers can 
be adapted to several shapes. The measurements 
are as follows : Breast, 26 in. ; neck, 12 in. : 
sleeves, 14 in. ; WTist, 6 in. 

This drafting will do for four years, as already 
observed, by cutting without inlays. The 
materials and accessories required for this suit are 
21 yd. of 27-in., or IJ yd. of 50-in. material; 

I yd. flannel for singlet ; lanyard and whistle ; 
black silk square ; man -o’ -war hat. 

Diagram 38 shows the jumjier, whicli is draftifl 
as follows; A to B, ^ to e c 

tw^o* thirds of breast T 

(about 171 in.); 

C in the centre. Draw’ 
tw^o parallel lines from | 

A and B, 18 in. in 
len^h (or longer if 
desired). 

C to D, and C to E 
ore each one-sixth of 
the neck measure, 
plus 1 in. (21 in.) ; 

C to P, one-fourth of 
breast, plus IJ in. 

(8 in.) ; A to G, and 1 
B to H, are each one- 
fourth of breast 
(6iin.). 

ffHB Ck>LLAB. A to 
B, the neck measure, 

leas 1 in. ; C midway 88. jumper 

between ; the depth 

of collar is one-fourth of breastpins 1 in. (7J in.), 
or deeper if desired. |See diagram 39 (2)] 
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Sleeve. A to B, one-fourth of breast plus 
2 in. for pleats (8 A in.) ; A to (', the length ol 
, sleeve (14 in.) ; C to 

i J f 3 I wrist plus 

' ‘ ' I ill l.•'l 2 in. for pleats ; con- 

nect 1) to B ; B to E, 
1 in ; connect E to A 
|4I|. 

The Sin(»1jKt. A 
to B and A to (' 
ar(‘ each one-sixth ot 
neck, less J in., to 
make it lit w'ell round 
the neck ; A to 1). 
l.J in. Curve from 
B through 1) to (\ 
1) to E and D to F 
are each 5 in. ; D to 
G, 10 in. ; H and I 
ar(5 each 2^ in. IromG. 
Draw lim*H from I to 
F on to (\ and from 
H to E on to B. A 
represents the back, 
atid D the front ( 40 J. 
In cutting <''it the pattern, allow I in. turnings. 
The shirt, or jumper, as the sailors call it, is 
<’ut in one pi(*c(* — ?.c., it has no shoulder seams, 
these being placed to the fold of material. 

Th© Making, ('^lalk-mark the armholes, 
a.s at G and H. ; then slit the neck fn^m E to 1), 
and mark the opening from (’ to F, or longer if 
recpiired, to allow' plenty of room for the head to 
go through, and avoid splitting. The opeming 
^ must be faced with a striji of the 

same material 6 in. wide and J J in. 
longer than opening. Ghalk-mark 
the centre of facing, as from C to 
F 1881. 

The making of the jumper is 
very simple. The facing is 
stitchcHl to the inside of front, 
as shown by the broken line's, 
using a long stitch for eoame 
material, ancJ well prc'ssc^d. Make 
a small pocket and sew on the 
inside of right fore part on the* 
edge of facing (88], and another 
on the outsicle of the* loft fore 
part for whistle, etc. 

For the collar, tw’o pieces 
must he cut out, and \ in. 
turnings allowed all round. It 
is made in the same manner as a 
pocket-flap, for which see Boys’ 
Tailoeino [page 1292]. Insert the 
neck of jumper between the collar, placing centre 
of neck to centre of collar ; baste on carefully and 
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stitch along the neck and all round the collar, 
(juite close to the edge, and J in. beyond. Pi-ess 
well on the 'wrong side*, over a 
damp cloth. The seams ca!i ^ 
now be basted togethi*r and 
stitched; i-einove the basting 
and stitch again on the right 
side through both turnings — 

«.r., without opening the seam 
— \ in. from the seam, to keep 
them flat and n(*at ; turn up 
the Iwttom, baste, and stitoh. 

The sleeve should have a 
box pleat m the centre of top, 
and one on eitlu'r side, ic- 
vei-sed — i.f., one facing front, 
the other back ; 2 in. an* allowed for the pleats, 
and they should be stitched doun 2 in. or more 
to kec]) in posi- 
tion. The wrist 
is made in the 
saiiK* mannei . 

Aftorthe])lcats 
a, ro stit-ched, 
the bottom 
should be tur- 
n(‘d in J in. and 
ta‘*ed with a 
piece of matt - 
rial or lining, 
and th<‘ open - 
ing ot sleeve 
h e in m d — 
about 3 in. will 
be suftieient. 

'Phen stitch up 
t he seam to 
match the 
sides, place a button on the under })art, and work 
a buttonhole in the toji. ’llic* sleeve can be made 
without an opening if jirt'ferred ; in this ease, the 
seam must be stitt'hed before the facing is jnit on. 

Diagram 42 shows the shirt finished and th<‘ 
position of pockets. To insert the sleeve, place 
the scam to the underarm 
seam, baste and stitch ; turn 
the shirt on the right side, 
and stitch again, to match 
tin; other seams. Sew two 
))ieces of ribbon on the open- 
ing, about 1 in. from the 
bottom. 

Drill collars to wear over 
these jumpers are sold ready- 
made, or can be made as 
shown. 

'Phe singlet is cut in tuo 
inecos. Join the right shoulder, 
turn in the edges of tho loft, 
work two buttonholes or loops 
on the front, and sew two 
buttons on tho ba^'k ; the 
neck should be bound round 
with a strip of drill or linen. 
i‘ut on tho cross, whilst the 
edges can (*ither be bound, or 
turned in and herringboned. 

Sow tapes at each <*ornei’, to 
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keep the singlet down when woin. An anchor 
on the* centre of front is a gieat improv(‘- 
mmt, and can bt* bought 
^ WM)V(‘n leady to sew on. 

Drafting ** Whole- 
fall ” Trousers. These 
arc the measurements: Inside 
leg, I bin. : waist, 2b in. ; seat, 
28 in. Working scale, half 
seat, 14 in. 143]. These trou- 
sers are cut without an outside 
seam, so the ])aper for drafting 
must be folded m half longth- 
w ise. 

A to 11, the inside leg mea- 
■sme, lb in. ; H to (\ lialf scale, 
C to 1). one-loiirth. 3.^ in.; (' to E, half 


i in. 

th(‘ distance from (‘ to D. 1 
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in. ; E to F, 

1 in. ; to (tI. 
hall scale jilus 
\\ in.. Si in. ; 
sipiare a line 
from (i to till* 
lold. and make 
H. H to 1, 4 in. 
(tor th(‘ op(‘n- 
ing) ; H to tl, 

2 in. 

Scjuare out 
fioiii J half tlu* 
waist measur<‘, 
b.^ in., and 
make K ; K to 
D. 1 in. ; eon- 
iK'ct J to L. 
Diaw line from 
L to F, and 
curve from Flo 
D ; cinve grad- 
ually from .J 
m. to the lell 
must now consider 
inside leg measure 
s(‘at measure*. 
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of (J, through E to 1). We 
the leg. A to M, half tin* 

])luH U in., b.J in. ; M toN, half tin 

7 in., more* or l(‘ss as desired: 
A to (), 1 ill. more than M to 
N 1 431. ^ from O through 
N to J). The bottom should 
Ih‘ slightly round(‘d. 

(Hit out the ))att(*rn from 
L, through F to 1), thence 
through N to O. and on to A 
i«j. Next, slit dowm the 
opening from J to 1, cut along 
t^e fall from H to ({, and J in. 
to the left of (t, through E to D. 

It must be rememliered that 
the pattern is drafted double, 
no seam being required at 
side, so care must lxi taken in 
eutting-oiit tho upper front 
p»)rtion w'hi'ii the slit for the 
fall has In^n made not to uiit 
th<‘ back pait too. 

4' wo i»ieees are required to 
go under the fall, which cor- 
respond with the upj^r part 
of tmnl ; these an* joined on 
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at the sides, to fini»L the waist part ; and to tluH tb<' (on the slant), and one alwut IJ in. on cither 

fall is buttoned. Tlioyaro cut as shown in diagrnn* aide of the seam, and three on tli^‘ left luider part 

i4. 1 to J and J to l (see A in diagiam 45]. 

K must be the same J — As the blouse in this suit is tuckwl inside the 

measure as corre- trousers, no braces enn be noni. The absence 

sponding letters on / of this sup]>ort, is, how(*ver. arrang(‘d for by 

drafting. KtoP,4in. ^ drawing them together at the back by means of 

Two small pieces j\ ribbon, or a lace passed tiirough t'ycU't -holes, 

are also required for / ' ^ For this, the back seam is left open a few inches 

the fall-front facing, / ^ ^ from the waist, and firmly fastesned off to pre- 

and are the same / ^ ^ y vent tearing. For woollen material, it is liest 

measure as the cor- / / to stitch the o]H‘ning about J in. from the edge, 

responding letters on / / but for drill or cotton it is not necessary. Two 

the drafting. eyelet-holes are then worked with tw'ist on each 

Open the pat- side of the ojaming. [For the method of working, 

tern of trousers ^ , 5 see Djieshmakivo.J Noav baste a piece of lining 

on to the ma- ^ material on the insidi* of the opening, aliout 

terial, each leg 4 in scpian*. and rounded at the lower part, 

being cut with- \ forming a jioeket -KhaiK»d piece, whieii stitch 

out a side seam, \\ round twice [see B in diagram 45 1 . This facing 

chalk -mark all \\ ^ is to pwvent any discomfort or pi’essurc from 

round, as also ih(‘ \ \ ^ tlu* ribbon or laco used to draw it in the w'aist. 

knee - marks at N ' \ ^ For this last )>ur|)cM(‘ a short silk or mohair 

(these are to he kept ^ ^ bootlace answers admirably, but ribbon can Ik* 

together in making), used if preferred. For the ^losition of the facing, 

and the opening as | see diagram 45, w hich 

at H and T, and cut J ft ^ shows the waist jiart 

out, allowing J in. I / of the trousers eom- 

tumings. Face the / / pk'te Jn A we havi* 

forks wuth lining [see I / / llw‘ fall-front show ing 

Tailoring]. Basft* / |p facings and hutton- 

and stitch the inside j holes ; also position 

leg seams; then / 7 of buttons on the 

baste and stitch the 

two hack parts to- “ whot v.watt ” the tall. Jn B, the 

gether, beginning two ’ „«,nTToi?u« 44. fro' T W'livr B“^rt is shown 

inches from the waist hnisliiHi. 

and terminating at the top of fall, as at 0, taking Turn the fall over the front and mark position 
care to keep the forks together, as at D. This for the buttons, also for tliose on the right front ; 

part must be faced with two wi'W' them on ; turn up tlu* 

pieces of lining. I For shape? see bottom and f(*ll and press, 

broken lino in the drafting. 1 pocket is wanted, it 

Cut twro pieces of material should be iett(‘d ; for posi- 

or lining (in many cases the tion sei* diagram 48. Full 

latter will prove much less dirwtions ftir making pocke ts 

clumsy), join the centre and were given in 'I^ailorino for 

hem the lower edge; place Women jpage 1H44] 

the facing on the fall, face to This drafting can easily be 

face ; baste and stitch round converted into knickers, if 

the edge, turn it over to the required, by cutting pattern 

wrong side, work out the cor- to the knce-linc, and widen- 

ner, baste again, and stitch the leg part, as showm by 

J in. from the edge. Join the the broken line, 

small pieces to the sides, plac- Af made a little fuller at 

ing J and I together ; turn part, which can 

in the top of waist j in., and easily be done by I>]j'Cing J 

face with a straight piece of the drat ting to the fold 

lining; this must bo slip- material, and M J m. m 

stitched all round. * 

Turn back the IJ in. for for the gatliered knickers 

buttons and buttonholes, y’om with the tunic suits, 

and hem along the bottom, j Af required with openings m 

Stitch aU round the top of | front, w^ must refer tlu* 

B.nH mIoa of fi*onfA i in ^*****— » .. ■ «.»,.« maker to the scction on Boyh 

from Tailobino Ipp. 1481. 1051J, 

opMungs with a double row ol stitching. Work although, Of course, the correct pattern to be worn 
four buttonholes on the fall, one at either comer with this suit is that illustrated on this ppge. 

Continued 
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ITALIAN-FRENCH-GERMAN-SPANISH 

Italian by F. de Feo ; French by L. A. Barbe, B.A. ; German by P. G. 
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f qn A T I A M ConOnnert 

By Francesco de Feo 


VERBS — continued 
Reflexive Verbs 

reflexivo form of the activo verb is ob- 
^ tained by the addition of tin* conjunct iv<‘ 
forms of tile jicrsoiial pronouns /«/, fi, .<fi, n\ ri. | Sce 
P'i«>e 3784, Position of llu* (\)njunctivo Forms.] 
'flic reti<‘xive v(*rbs arc conjugated with the 
auxiliu.ry CA.wcrf . 'Pile ]jast part icipl(‘ must alw ays 
.*.<rr(‘(* in gender and number with its subject. 

Lavarsi, to w'asli oiu'self 
Indhativr Mood 

J^vesf iif 

it) mi 1 wash m^J’selt 
tn ti thou Avashest thyself 
fgJi m i(im^ Jif‘ washes hims(‘lf 
noi ri iarioma, we Avash ours<‘lves 
mi ri la rate, you AAash yourself, -sehes 
.<ii laimio, tJiey wasli themselves 

Irulffinitr 

id mi mnn lavaio, -u, T luw(‘ Avashed myself 
fit ti fifi InmliK -o, tliou hast w'ashod thyself 
vfjji fti e larato^ lie has AA ashed hims<*lf 
noi ci fiiattio -f, av<‘ have* Avashed ours(‘lv<'R 

roi r? »icte lavato, -a, -f, -c, you luwe aa ashed 
yourself, -selves 

(ssi fti ftomt larati^ the}’' haA^e Avashed themselves 
/ m pn I ret 

mi lavaro, I w'asbed mys'df 
ri larammo, aac Avashed ourselves 

First Phtprrjrrt 

mi rro laratf), -a, I had washed myself 
ri rrommo la rati, -c, Ave had aa ashed ourselves 

Past J)ffinii( 

mi larai, 1 Avashed myself 
ri la mm mo, wv AAash<*d ourseUes 
Srro n d PI a prrjrrt 

mi jai lavato, -a, I had AAaished myself 
ri jammo larafi, -c, w’e had Avashed ourseU^es 

Future 

mi larrro, 1 shall Avash myself 
ri Inrerrmn, Av^e shall Avash ourselves 

Future Perfeit 

mi sard la rata , -cr, I shall have w'ashed myself 
ri saremo Inmti, -e, AA^e shall have wash^ our- 
Helv(*K 

Iajper.ative 

Present 

Idmti^ wash thyself 

lavidnioci^ let us wash ourselves 

'Hiird person: ai lavi (sing.) ; si Iddno (phir.). 

Second person plural : lamtevi. 

4S58 


SrBJTTNCTlVK AfoOD 
Present 

rhf in mi lari, that 1 Avash my^elf 
rhf noi ri lariamo, that Ave aavisIi ourselves 
P( rferf 

the io mi sia larata, -a, tiuit 1 have Avsshed myself 
rh( not ri siama larafi, •< , that av(‘ haA'^(* aa ashed 
ourselA(‘s 

f fu perfert 

s( in mi lara^si, if T washed myself 
sr noi ri htra^timo, if aat aa ashed ourselves 
J^lupetferf 

sf mi /os*s*/ laral(\ -a, if I had AA'ashed inyscdf 
St ti frhsimo lara*i, -f, if we had Avashed ourseh^es 

Conditional Mood 
Present 

mi lareHi, 1 should wash myM*lf 
ti lareremmo, aa<‘ should AA'u.sh ourselves 
Perjerf 

mi satei lamfo, -a, 1 should liav(‘ washed myself 
eisaiemmo larafi, -e, we should ha\"e waslu'd our- 
sel\(‘s 

V Infinitjauc Mood 

Present 

lararmi, di, ~si, -ri, -ri, to AA^ash mys(*lf, (4c. 
Perjerf 

isstimi, -ti, -si, -ri, -ri lamto, -a, -i, -e, to liaA'e 
AAaslu'd myself, tjiyself, (*te. 

Cerfnd 

Present 

larandomi, -ti, -si, -ri, -ri, washing myself, etc. 
]*erject 

fsshidomi, -ti, -si, -ri, -ri lavafo, -a, -i, -e, having 
waslied myself, etc. 

J^4RTI('rPLE 

Present 

lardntoni, -ft, -si, -ri, -ri, AA^ashing myself, etc. 
(nnused). 

Past I’artk iple 

lartdomi, favMnmi, etc. ; lardtici, lardteci^ lard- 
tisi, etc., having AA^Ashed myself, etc. (of 
little nse). 

Many v(‘rbs in Italian may be conjugated Avith 
mi, ti, si, ri, ri in the same way as the reflexive 
verbs, in order to give more strength to the 
expression. Such verbs are called Pronominal 
Verbs, and must not bo confounded with the 
ndlexive vc^rbs. Examples ; Ave no tanta fame dte 
mi son mangiato (instead of ho mangiato) un pezzo 
dt pane intero, 1 was so hungry that I ate a whole 
loaf of bread ; Jli son com proto (instead of ho 
romprato) nn bel rpfdito, I have bought (myself) 
a nice suit. 






When the verb conjugated with n\ rt, si cx- 
preBses the action of two or more subjects, 
acting the one on the other, tho verb is called 
reciproc4il. Examples i Noi ci amiamo. We love 
one another ; Esse si scrivono tiitti i giornij They 
write to one another every day. 

It should be noted that many verba which are 
reflexive in Italian are used in Einglish as intransi- 
tive verbs. Examples : lo mi rallegro, I rejoice ; 
lo mi maraviglio, I wonder. 

The following are some of the most important 
verbs which are reflexive in Italian but not in 
English : 

accorgersi^ to perceive, mi accorgn df 
addormerUarsi, to fall asleep, mi addarmento 
affreUarsif to make haste, mi nffntto a 
aiwicinarsif to approach, mi aiwicino a 
dimemticarsi^ to forget, mi dimentico di 
fidarsi, to rely upon, to trust, mi fido di 
fnrsit to become, mi fitccio 
fermarsif to stop, mi fermo a 
indirizzarsi, to apply to, in indirizza a 
injormarsiy to inquire, m' in forma di 
lagnarftiy to complain, mi lagnet di 
lemrsiy to get up, mi leva 
penfirsiy to repent, mi pentn di 
sedersiy to sit down, mi seggo (vt) 
servirsif to use, mi servo di 
and dr sene, to go away (from som(‘wh(‘re) 
lo me ne vadoy I go away (thence) 
andidmocency let us go away (hence) 
se ne sono andafi, they have gone away 
(from lioro, tlierc) 

Exercthe XXX 111. 

1. Vestitovi subito, perche dobbiamo andar 
cene. 2. Vi divertiste ieri sera a teatro ? 

Non vi avvieinatc troppo alia gabbia 4. Ineo- 
mincio a stancarmi ; fermu\moci un poco. r» 
Sc vuole lavarsi le mani, le darb dell' aequa 
calda. 6. I signori del secondo piano si sono 
lagnati del servizio. 7. Svegliatemi alle sette e 
mezzo domani. 8. A che ora si leva ordinaria- 
mente ? 9. Si Icvi ; t' molto tardi. lb. Vi 

ricordate di quella signora elie era con noi m 
campagna Testate scorsa ? It. Me no ricordo 
benissimo. 12. Non bisogna mai pbrdersi 
d'&nimo nella sventura. l.‘t. Si segga, signora, 
e mi racconti tutto apertamente; lei sa che di 
me puo fidarsi. 14. Mi ascolti, signore, v 
v6g1ia il cielo che non venga un giorno in eui si 
penta ^ non avermi ascoltato (rn.). 

IRREGULAR VERBS 
Second Qonjugation 
Verbs in -ere (long)— continued 

Cadere, to fall 

Ind. Pres. — Cado, cadi, cade, etc. 

Pasi Def , — Caddiy cMesti, cadde, c^tdemmo, 
eadeste, edddero. 

Future. — Cadro, cadrai, cadra, cadremoy etc. 

• Subj . — Coda, coda, cjida, cadiamo, etc. 

Condit. — Cadrei, cadresfiy cadrehh', cadremmo, 
etc. 

PiMt Part.-~-CadvJto. 

Conjugate like cadere : acc^dere (imp.), to 
happen ; decadejre, to decay. 


LANQUAQSS^ITALIAN 

Sedere. to ait down 

Ind. Pres. — Siedo and seggoy siedi, siede, 
sediamo, sedeie, siedoru) and sdggono. 

Imperf. — Sedevo, sedevi, etc. 

Past Def. — Sedei and sedettiy sedesti, etc. 

Future. — Sederd, sederai, etc. 

Imperat. — Siedi, sieda and segga, etc., siedano 
and s^gano. 

Subj. Pmv. — Sieda and segga, etc., siedano and 
seggano. 

Past Part — Seduto. 

Note. Wh<‘n the acciMit falls on the first r 
of this verb, this e is changed into ie : siedoy 
sied(Hio ; but svdetVy sedero. 

Conjiigate like sod ere : passed ere, to possess ; 
soprassedacy to super.s(*d(‘. 

Rimanere, to nunain 

Ind. Pres. — HimangOy rimani timoney rima 
niamoy rimanetCy rimdnffono. 

Imperf. — liimanevoy rirmtneviy etc. 

Pa'it Def. — Iximasiy rimnnesti, rima*t(^ nrna- 
mmmoy rimanestpy limd^ero. 

Future — Rimarroy rimnrrai, etc. 

Imperat. — Uimaniy rimangUy oto,, rimangano 

Subj. Pres — Ri manga, tirnangUy rimangn, 
rimoniamoy rimaniafe, rimamjamt. 

Subj. Imperf. — Rimanessi, etc. 

(Urndit. — Rimarrei, rimarresti, etc. 

Past. Part. — Ri masto. 

Perauadere, to piTsuade 

Ind. Pres —PersuadOy persuadi, etc. 

Past Def. — Persuasiy persuadesti, persuade , 
q)ersuademmoy peisuadeite, persudiero. 

Fut ure. — Pers uad era, etc. 

Past Pa rt . — Pefs uaso. 

(Wjugate bk(‘ perwadui : di^suadere, to 
dissuade. 

Tacere, to be silent* 

Ind. Pres. —Tdccioy taciy lave, tariarno, taeite, 
tdreiono. (Tlw* forms tdrin, fd( ietno an* incorn*ct ) 

Imperf. — Taeevr)y taeeHy etc. 

Past Def. — Tacqui, taeesti, tarquey taeemmoy 
taceste, tdequent. 

Imperat . — Taeiy tdeeiay (*tc. 

Subj. Pres. — Tderia, tdeeiay tdreia, tariumoy 
taeia^e, td(riano. 

Subj. Imperf — Tacessiy taeesniy etc. 

Pad. Part. — Taeiuto. 

Piacere, to pl(*asc 

Ind. Pres. — Pidrcio, piaeiy place, piacciamo 
piacete, pidreiono. 

Imperf. — Piacero, piacem, etc. 

Past Def. — Piaegui, piaeeMiy jnaeque, pia- 
cemmoy piareMe, pidcquer(K 

Subj . — Pidcciay pidreia, (‘to. 

Past Part. — Piaciuto. 

The compound tenses are formed with Assert \ 
sono pia^ivto, 1 have pleased. 

Conjugate like piacere : dispiacere, to dis* 
please. 
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The verbs jnacere and dixfmrh'c >j(*nerally 
used as impersonal verbs, thus: Mi fiiapiare, 
I am sorry ; ci flinpiate^ we are sony, ete. Mi 
piace^ J like ; yli piacp, he likes ; Le pia^eiom* 
questi Jiori ? Do you like these flowers ? etc. 

Giacere, to li(‘ down 

Ivjd. I^rpft.—Giat'cio. (jm*'i, yitu'c^ yincinmo, 
yificete, yiu*'ciont). 

Past Off. — Giarqu yiarpftfi, yiarque^ yiacem mo, 
(fiareftte, yiaryuenK 

Jmperat. — Giari, yiaccia, etc. 

Suhj. Pres. — GUrria, etc., (jiaciniiio, yiariaf*, 
ginidano. 

Past Part. — Giaei uto. 

Valere, to be north 

Ind. Pit'i.— ro/70, vali, ral(\ raliamo, rat rtf, 
ralyoiio. 

Intpcrj. — Tfl/n’o, rahvi, rahva, etc. 

Past Pef . — IV/Zsi, ratesti, rat'^e. rat em nut, 
rateste, ralsero. 

Future — rorro, varrai, rarra, ranenut, etc. 

Jmprraf. — Vali, mtya, raliamo, ralrt(\ mlgano. 

Siihj. Pres. — Valya, valrja, ratya, ralianio, 
ratiate, ralyano. 

(^i)ndit — Varrei, mu'esti, etc. 

Past Part. — Valso and mluto. 

(Wjugate lik<* ml ere : etiuimlere, to be 
equivalent ; pretnlere, to ])r(M’ail {fxisf fntrt., 
premlso) ; inmiere, to IxToine prevalent {past 
part., inmUo.) 

Exeiioise XXXIV. 

1 . Questo quadro non vale niente. 2 . Tacete, 
1<* v’ostre paroh* non valgono la pena di essere 
ascoltat(*. 3 . lo taecio subito, ma c(‘rto ch<‘ v'oi 
non mi persuaderete a fare (jm*llo chi‘ non mi pia''e 
<li fare. 4 . Mi dispiac(jue tanto che lei non 
rimase con noi I’altra sera. 5 . (Wide, raa non si 
fece male. B. Non \’ada cosi ])r(*sto, rimanga 
anedra un poco. 7 . Non posso dare di pih, 

( 'CO tiitto cid che ])0-5seggo. 8. Sappiamo 

<ii!anto valgono le \ostre promesse. 9 . Lo 
persuasi di accettare Timpiego che gli fu otferto. 
10. Se quwta camera non le piace, gliene dard 
un* altra. 

Eserc’izio dj Lettura - continued 

Quel brav' uomo aveva lasciato un figliuolo 
di stampa ben diversab Or dunquo, alia 
raccolta^, ij cereatore andd per risedtere la 
meta eh’era dovuta al convento ; ma colui se ne 
fece nuovo affatto'*, od ebbe* la temerita di 
rispdndere che non aveva mai sentilo dire che i 
c.appuccini sapdssero far noci. Sapete ora cosa 
avvenne ? Un giomo (sentite qiiesta), lo scape- 
strato* aveva invitato alouni suoi amici dollo 
BtesHO pelo^’, e, gozzovigliando*^ raccontava la 
stdria del noce, e rideva dei frati. Quei giovi- 
nastri ebber voglia d'andar a veddre quello 
sterminato mhcchio di noci ; e lui li mena su in 
^randio". Ma sentite: apre Tfiscio, va verso 
il cantdccio^ dov’era stato riposto il gran 
in<dcchio, e raentre dice : guardate, guarda egli 


stesso e vede . . . che cosa ? Un bel 

muccliio di fdglie secchc di noce. Fu un esempio 
cpiesto ? E il convento, invece di scapitave‘^ 
ci guadagnd ; porchd, dopo un cosi gran fatto, 
la cerca delle noci rendeva tanto, tanto, cihe un 
benefattore, mosso a compassione del povero 
cereatore, fece al convento la caritd d’un asino, 
che aiutassc a portdr le noci a casa. E si facevr. 
tantVilio, che ogni povero voniva a prend<*rn(*, 
sci'ondo il suo bisogno ; pcrche noi siamo come* 
il mare, che riceve acqua da tutte le parti, r 
la torna a distribuire a tutti i flumi. 

Notes. 1. Of a (jiiite different <*hara<‘ter. 
2. Harvest. 3. Hut he pretended to knou 
nothing at all about it. 4. Scatter-brains 

0 Brother s])irits. B. To carouse. 7. (biiwr. 
8. (\)rncr. t). Instead ot losing. 

(*ONVKRS\ZH)\i: 

A che 01 a si leva abitualiucntc ? 

Allc Hctt(* sono gia in ])icdi ; mi lc\o scinp’'c 
inolto presto. 

lo invcc<‘ sono molto ])igro, lo confesso. La 
mattina non so come decidermi a saltar gin dal 
l(‘tto- Sc d(*vo UKcire alle now. })cm’ (‘scmpio, 
allc otto mezzo sono ancora li ; c (piindi ap])f‘nH 
ho il tempo di lavariui c vestirmi. 

E una gran hrutta abitudim* la sua. ( litre a 
Tovinarsi la salute, perde le piu belle ore del giorno. 
Le ore del mattino hanno Toro in bocca, dic(‘ il 
proverbio. 

J.4ei h*i ragione, e 1(‘ ])romett(» di correggermi. 

Ma si segga, signore. 

(h-azie ; non posso fermarmi di piii. 

Hi})asserc) di qui questo do}>o pranzo r h* 
porterb i due romanzi di cui le parlai. 

Non H<‘ n(‘ dimenticlii. )>erche non ho nientt* 
da leggere. 

Key To Rxercihe XXXTT. 

1. We \\er(‘ speaking of you. 2. You arc very 
kind. 3. Be so kind as to give me that )hn. 
4. Excuse me for not having sent them to 
you earlier. 5. 1 assure you that 1 shall do 
something regrettable if you do not (ell me ii.t 
once the name of that man. B. You are wrong, 
my friend ; ask your sister ; is it not true. 
Miss N., that you are informed of everything V 
7. You art* very ready to speak without being 
questioned. 8. You are the most genial person 

1 have ever known ; hov do you manage to bt* 
til ways so cheerful Y 9. Your brother told me 
that you had returned to town, and I have 
hastened to come to shakt* hands with you. 
10. Have you enjoyed yourself these long 
winter months ? IJ. Why do you stand at the 
door in the cold ? Come in. 12. You do not 
know, and never will know how sincere my 
friendship for your son was. 13. Have the 
kindness to put this letter into the post, when 
you go out. 14. I thank you very much for the 
beautiful flowers you have sent me. 15. You 
l»elieve that everything can be done oflhand»; 
but time is wantm for everything. 16. Your 
friends beg you to go down in the garden, if you 
don’t minci. 17. I will show them to you 
(m. and f. sing, and pliir.). 


t Umtinued 
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FRENCH 

VERBS — continued 
• Impersonal Verbs 

1. Tinpei’Konal, or iinijjersonrJ verbs {nrhf^ 
imj^ersimnelx ou un! pvt'Haruieh) ^re intraiiKitive 
verbs used only in tlie tlnrd p(‘rM)n sinjj;ulrtv, 
or in like infinitive and participles, which are 
nol personal lens(*s. 

2. The following \<*rbs ar(‘ always imper- 
sonal : 

Ivfinith'f' hufii'nlin Pn^nif 

plenvoir, lorain if plfuf, it rains 

ufiger^ to snow' if rifige, it snows 

gnUey, to hail if tjr/le, it hails 

fonnei\ to thunder if fortv(\ it thunders 

(/yfe}\ to freeze if it freez<‘s 

(f^gyfrr, io ihiiw if (figifc, it thaws 

hi'uiney, to dri/'/li* if hntiae, it drizzles 

re??/?/, to be windy if rmte, it is wimly 

????po?/er, to matter ii impurii\ it imditM's 

jnlt(ti)\ to be neeessjiry if fant^ it is lus'essary 
Th(‘i‘(‘ ar<‘ a ^^nsit many v<Tbs which, 
tJioii^h not essiMitially impersonal, jbr(‘ oft(‘n 
used impersonally. Of these, tin* tollowiiiK 
occur most frecpK'ntly : 

Infinitiyy Jmfirafin l*yeHeut 

s( mhfet\ to s(‘<‘m if .'^emhh, it seems 

pnyatfr(\ to Jippea]* if fiaraif, it a])p(‘ars 
nmyynir, to h(‘ suitabh^ if vonyient^ it is suitabh^ 
</rri?w, to luip][»en if fur ire, it happens 

s'ngir (fe, to he the rpies- if sagit f((\ the (piestion 
t ion is 

.se fyoHvet, to be found if se fyouiu, it is found 
4. Tlu* third p(‘rson singuhw* ot efir, to be, 
is used to form impersonal exjuu'ssions : Jf fnt 
rrai gue je fuiift .so?? ntui. It is true 1 jvm his 
friend. ,4?’o?V, jneeeded by ?/, is used imperson- 
iilly, wMth tlie nu'aiiing of “ to be " ; !f ?/ a ?/?? 

Tliero is a (Jod. Fa ire, to make, is used 
impersonally, witJi the meaning of “ to b(‘.'’ 
in ii number of ('X})ressions chiefly j'eferring to 
the st?it<' of the wcfitJuT: H fait heau, ft is fine ; 
Jf fait maatHtis fp/npM, It is l)ad weather ; // 

fait froift, ft is cold. 

Pleuvoir, to rain 

Principal fbnts: Ffeartai, pifitranf, pfr, il 
pi eat, il pint. 

InJ/K'VTTVK • 

Simple Tensi:s (^impopm) Tenses 

J^retienf I^ast hide fir it* 

if pleat, it rains if a pfa, it has rained 

T w im'fed JH a pet feet 

il pleavait, it was il amit pfa, it had 

raining rained 

Past Definite PaM .4?i/e?io?* 

il plat, it rained il tat pin, it had rainc'd 

Futare Future Aiderior 

jjl pleuvra, it will rain il a at a pin, if will have 
raim‘d 

Conditional 

Prereml Past 

il phavrait, it would il aarait plu, it wouUI 
rain have rained 


By Louis A. Barbe, B.A. 

SUBJUXCriVE 
iVasT??/ 

ga'if plea re, that it may rain 
J^asf 

ga'if ait ftlu, tliat it may ha\(‘ rained 
hn per feet 

gu'il plat, that it miglit rain 
Pfa pet feet 

gu if ( at pfa, that it might hav(‘ rained 
Falloir, to be nc 'cssary 
Principal Parts : fafftd) (no pr<‘s. iiart.), faff a, 
il faut, if faff at. 

I\i)i(‘\'n\ E 

Simple Tenses ( 'ompop m> I’ensin 

Present Pant Indefinite 

il faut, it is lu'ces- if a fal/u, it has Imhmi 
sar\ necessary 

/ ??? perfect /V// pet feet 

if falfait, it w’as ne(‘<‘s. if arait faffu, it leul 
sary been n«‘cessary 

Past Definitf Pa^t Anterior 

if falfut, it was iksm's if tut faffu, it had beon 
sjkry iie(M‘ssav^^ 

Future Future Anteriftr 

il faudta. it will be tf aura faffu, it will have 
nec<‘SM?kry Ihs'ii neccNsary 

Condition \l 

I*ies(nf Past 

if faudrait,\\ wuwUi hv il aura if faffu, it would 

nee(*ssarv liave b(‘en n<»c<'ssary 

Siin.in\(Tivi: 

Pusen* Past 

gull faille, thi’.‘ it may tni ilaitfalfu,\\xii\ it may 
be ms'CHsaiy have beisi neci^ssaiy 

f m per ft ef PI u perfect 

</?/ ?Y /?#//?//. that it might gulf tut faffu, that it 
be necessaiy might have b(*<*n 

necessiiy 

Uses of Falloir. 1. Fafloir is frequently 
ecpiivalent to the English v<‘rb “ must.” In 
that ease the subject of “must ” beeom(‘s tJie 
subject of the lollowing verb, which requires 
to be in tlie subjunctive ; Il faut gue je repande 
d sa lettre, I must answTM’ his l(‘tter; It faut, 
gue fes enfant h saient tfheis'tanf't, Childnm must 
be obedient. 

2. When the stat(‘mcnl mad(‘ is general, or 
when the person on whom the obligatitm falls is 
sufficiently indicated by the context, th(‘ sei'ond 
verb may be* in the infinitive* : // faut obeir aux 
lois. We* must eihey the* laws ; Mes enfants, il 
faut rous roiirher, Cliildren, yem must go to b(*d. 

li. With the infinitive construction, the person 
indicated by thei Hubje*e*t of “ must ” may be* 
indieiated by an indirect object, eir dative* : 
Jl me faut sortir, 1 must go out. 

This construction is not, howevt‘r, a very 
e*ommon one, and can be* used with a pronoun 
<»nly, not with a noun. 

4. In the* past and future, fgUair cannot be 
translate*d in English fy “ must,” but may be 
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rc*ndered by the suitable tenses of “ to have to.” 
11 favdra noua dep^cher^ We shall have to make 
liaste ; II a falht qnil me le donndt. He had to 
give it to me. 

a. When falloir is followed by a noun, it means 
“ to want," “ to require.” In that ease, the 
subject of the English verb is expressed by an 
indirect object, or dative, and is placed before 
falloir^ if it be a personal or relative pronoun, 
but afttT it if it be a noun : II me faut d'atUrea 
litres, T require other books ; Void VHcve d 
qni il favt ttne grammaire. Here is the pupil 
who requires a grammar; II favt une nouvelle 
robe d ma smtr. My sister requires a new dress. 

C. Falloir is used idiomatioalH in the following 
expressions : 

(а) S'en falloir de beavroup. To be far from ; 
II s'en favt de heaveou p que la snmvte y soit. The 
sum is far from being complete ; 11 ne s'en favt pas 
de beaticovp que la somme rCy soit. The sum is not 
far from being 'complete (lit., from Inung there). 

(б) IV en falloir de peu^ or pew s'en falloir, not to 
be far from, to want but little, to be near. Pen sen 
fallvt qv'il n'en wmtrut. He was near dying of it. 

(c) Tanf s'en faut, so far from, far from it, 
by a long way. Taut s'en favt quit conaerUe, 
qu’av confraire il fera tout pour Vempecher, He 
is so far from consenting, that, on the contrary, 
he will do everytJiing to prevent it ; Ila ne nous 
ont pas page tout re qv'ila nous devaient ; tant 
h'en favt, Tliejr have not paid us all they owed 
us ; far from it (by a long way). 

7. Comme il favt (pronounced ko-mi-fo) is used 
as a qualidcative, with the meaning of “ respect- 
able,” ” gentlemanly,” “ ladylike and also as 
an adverbial phrase signifying “ suitably,” 
“properly”: Ce aont dea gens tih comme il 
faut. They are very respectable people ; (Test nn 
homme tout d fait comme il favt. He is quite a 
gentleman. Elle a Vair trh comme il faut. She 
looks very ladylike. 

Exebcise XXX. 

1. The earth is warmed {echauffet) hy the sun. 

2. The egoist (egoists) is loved by (de) nobody. 

3. Figures (le chiffre) were invented (inventer) 
by the Arabs (Arahe). 

4. Tlic woman was deceived by the serpent 
(le serpent). 

5. Thunderstorms (un orage) are foreseen 
(prdm) and announced by the swallows 

6. America (V Amerique) was discovered 
(decouverte) by Christopher Columbus (Chriatophe 
Golomh) in 1492. 

7. Printing (Virnprimerie, f.) was invented by 
Gutenberg in the fifteenth century. 

8. The Capo of Good Hope (le cap de Bonne- 
Eapirance) was doubled (doubler) tor the first 
time by the Portuguese (Portugaia). 

9. When did you come back from Paris ? 

10. What day did your friends leave (partis) 
for London ? 

11. Since the comet (la comite) has (is) appeared 
(apparue) a crowd (la fovie) of people pass the 
night (d) looking at it. 

12. When we arrived at the station (la gave) 
the train (le train) had already started. 

13. It seems that the sun turns (toumer) 


around (autour de) the earth, when, on the 
contrary (au contraire) it is certain that it is the 
latter which turns around the sun. 

14. If it freezes (in) the morning, it is often 

fine all day (journee, f.). ^ 

15. A door must be open (ouverte) or closed, 
says a French proverb. 

16. I have told you everything. What (of) 
more do you want ? 

17. That is just what I require ; thanks (merci). 

18. His friends are very respectable people. 

19. Ho was very near being killed (tucr). 

20. To (pour) speak well, it is necessary to 
say what is required, all that is required, nothing 
but (rien que) what is required, and to say it 
suitably. 

IRREGULAR VERBS 

Amongst ihe verbs classod as irregulR»r there 
are some of which all the tenses are formed 
quite regularly from the principal parts, 
but in which these principal parts themselves 
present some peculiarities. As regards these 
verbs, it will be sufficient to give the principal 
parts, together with the three persons singular 
of the present indicative. No such verbs occur in 
the first conjugation, and thV third has only two. 

Second Conjugation. 1. As.saillir, to 
r.RSp-il, a^aaillant, aasailli, fassaille, ta assailles, 
il assaille, faasaillia. Some grammarians give 
an irregular future, faasaillerai, instead of 
faaaaillirai. 

2. Bouilur, to boil, bouillant, hovilli, je 
bova. tv boua, il bout, je bouillis. This verb is 
intransitive, and its use is consequently practi- 
cally limited to the third person. “ To" boil ” as 
a transitive verb is faire bovillir, “to make boil.” 

3. CoTTVRiR, to cover, coavrant, covt>ert, je 
coum'e, tv couvrea, il covvre, je cowvris. 

4. Dormir, to slei'p, dormant, dormi, je dora, 
tu dora, il dort, je dormU. 

5. Fuir, to flee, fuyarU, fui, je fuis, tv fuia, 
il fait, je fuia. 

6. Mentir, to tell a lie, mentant, menti, je 
mens, tu mens, il menf, je mentia. 

7. Offrib, to offer, offrarU, offert, foffre, 
tu offres, il offre, j'offria. 

8. OuvRiB, to open, ouvrant, mweii, j'^ouvre 
tv ouvrea, il ovvre, j'ouvris 

9. Partir, to set out, partnnt, parti, je pars, 
tv pars, il part, je partis. 

10. Sentib, to feel, to smell, sentant, aenti, je 
sens, til sens, il sent, je sentis. The reflexive verb 
se repentir, to repent, is conjugated like sentir. 

11. Sebvib, to serve, servant, servi, je sera, 
tu sers, il sert, je servis. 

12. SoBTiB, to go oht, aortant, sorti, je aora, 
tu aors, il sort, je aorfia. 

13. SouFFBiB, to suffer, souffrant, aovffert, 
je aouffre, tu souffrea, il amiffre, je aouffria. 

14. Tbbssaillir, to start, to shudder, is con- 
jugated like asaaiUir. 

15. VfiTiB, to clothe, vitant, vein, je vUs, tu 
vita, il vet, je vitis. 

Third Coiilugation, 3. Poubvoir, to 
provide, pourvoyant, pourvu, je pourvois, tu 
pourvois, il pourvoit, je pourvvs. 

2. Pb^vo:^ to foresee, prevoyant, prhm, je 
privois, tu prevois, il privoit, je previa. 
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EXKRGLSE XXX 1. 

I. Our brigade will attack (assaillir) the enemy 
in his retrenchments Mranchement) \o-morvo\\ 
ijfiorninfi:. 

*2. ^ few shots {cou-ys de feu) are fired (go off) ; 
at this noise Napoleon starts. The Russian 
{de Ru.^fiie) campaign {hi carn^mgyie) is opened. 

Everybody {tout le morule) knows {sait) 
that it was Christopher Columbus who discovered 
America. 

4-. He never opens liis mouth without saying 
some foolish thing {la mtti^e). 

T). The noiw* that was made (.sc faisaif) in the 
m<*eting {nue asAemhlee) covered th(' voic<‘ of th(‘ 
speaker {orai.eur). 

0. Jt is certain that tlu* s<*a formerly co\ered 
a great part of the inhabited {hahiter) earth. 

7. Th(‘ water would boil mor(‘ quickly if you 
lighted {allumer) a good fir(‘. 

8. Francis {Fratit^joiA) I. sl(*pt on a gun-carriage 
{un affvt) the night of the battle {hi hataHh) of 
.Marignano ( Marignau ). 

9. We fall asleep {h eudonuir) (‘very evening 
whilst h(‘ reads {Hi) the paper {h joimud) to us. 

10. Wht‘n w(‘ wen* young we used to sha*)) 
t welve hours without awak(*ning (.vc reeeUlei ). 

II. Isaac having asked his father wlu'n* the 

victim {la mctiine) was wliich was to b(‘ saeri- 
H(H*d {inimoler), Abraham answ(‘red : “ Cod 

will provide for (to) it." 

12. (Miarlt‘s the Hold {Thneraire) pt'iislmd 
(phir) before Nancy, b<‘tray(*d {trahir) by a 
Neapolitan mercenary {an inercenairc mpoli' 
tmu) and killed whilst {en) fleeing after the battle 
by a gentleman of Lon’aine {geuHlhomme lorrniu). 

13. Let us flee togetli(*r to tlie (hqiths {le 
fond) of the foivsts ; it is ludter to trust (.sc fier) to 
tigers than to men. 

14. There are peojilc {geuA) wJio lie simply 
for the 8ak(‘ of (/xn/r) lying. 

15. Satire {la satire) lii's about (on) men of 
letters {gensde letfres) during their lib*, and praise 
{Ih'hige) lies after their death. 

Ifl. He has been offered a situation {tnu 
place) in Paris, but he does not wish {deslier) 
to lt‘ave {quitter) London. 

17. It is useful for (to) the proud {fe superhe) 
to fall, because theii* fall o])ens their (‘y(‘s. 

18. We (on) are usually {ordinaire me nt) l(‘ss 
grieved (fdche) when we go away than when 
we see (wit) (others) go away. 

19. We ought to have started for tlie country 
yesterday, but w(' shall start to-morrow' only. 

20. When you (sing.) tell a lie, does not your 
conscience (hi conscience) reproach (re pi ocher) 
you (with) something, and do you not repent 
immediately Y 


21. The judge who is faithful to his duty 
(Ic decoir) feels n(*ithi‘r r(‘grets (le regret^) nor 
ang(‘r {c<yurron.\\ m.). 

22. There an^ ]M‘opl(* who seem to think 
(croire) that the happim'ss of serving them is 
a sufficiently (assi^) liigh reward (la recompense) 
for thost‘ who s<‘rv(‘ tli<*m. 

23. Co out \\h(*n you liki' (enudrez), but T 
warn you (acertir) that 1 shall go out only 
after you (sliall) have (be) gom* out. 

24. Is it wwth w4iile (hi peine) to live (nirre) 
w'lu'ii wt‘ (one) sulTer ? Yes, foi* we always hop(5 
that we shall not sutler to-mo’*row'. 

25. The misfortune (le nialhenr) of those peo])le 
who know all (it) is that tluy lu'ver for(‘S('(‘ 
anything. 

Kkv to Fxkkc isic XXIX. 

1. II m(‘ semble (pie j'ai d(*ja vu eette dame. 
(Vunment H'a])pell(*-t-elle ? 

2 . L(*s vaineus lu* se soul ]>as moins bi(‘u 
battus que les vaimpitMirs. 

3. L'mmemi s'e^st empaiv d(‘ la ville apivs 
till long si('^g(‘, p(‘ndant le(pu‘l les habitants se sont 
d('‘fen(liis aussi courcig(*us(’iU(*nt (pu* les soldats. 

4 . Nous nous (h'lions trop des n-utivs, (*t 
nous lie nous nuHions p.i,s ass(‘/. d(* nous-mium's. 

5. II y u d(‘s honnu(‘s (pii .se glorilic'iit ])lus 
de leurs dcH’auts (pi(‘ d(‘ l(‘urs boniu's (pialit(*s. 

(). .\ide-toi, l(‘ ci(“l t’aid(‘ra, (lit le prov(‘rbt‘. 

7. Elies se sont api'ieues d(‘ kuir (»rreur, 
mais il (‘tait trop tard. 

8. Un (Vrivain a (lit (pu‘ si nous nous vantons 
sou vent d(* lu* point nous (*nnuyer, c'(*sl parc(» 
que nous somnu's si glorieux (pie nous no voulons 
pas nous trouver (1(‘ mauvais(‘ e()nipagni(*. 

9. .\ (pi(‘ji(‘ heur(‘ voiis lev(*y.-vous ordinain'- 
m(‘nt ? Nous nous l(‘V(>ns ordiiiairement a 
s(‘])t heur(‘s, (‘t nous nous eouehons rareimuit/ 
avant on/.e lieures i‘t deniie. 

19. De grandN motifs pen n cut nous (‘ngager 
a nous huiuili(‘r. a,ueun a nous axilir. 

11. Les Homains, a-juvs s etr(‘ empaivs d(‘ 
la CauU*, lui (Ionn(*rent (Ui pen de t(‘mps l(‘ur 
civilisation. 

12. II vaut mi(‘u.\ s*(‘\pos(‘r a ringratitude 
(jiie de iaisser sans seeoiirs un malheiireux. 

13. L’histoiri* nous dit (pi'il y a eu des roi. 
(pii se sont d('‘V()U(*s a la mort jxuir k* salut de 
l(^ur p(‘up!(‘. 

14. 11 y a bien d(‘ la difleriuiee (*nlre se plairc 
a un travail (*t y (Hre propn*. 

15. Nous somm(*s si aecoutunu's a nous 
dd'guiser aux autres, quNmfin nous nous d(‘guisons 
a nous-mf'mcH. 

19. II est aussi faeil(‘ d(‘ se trompiM* soi- 
meme sans s’en ap(M*cevoir, (pi’il est difficile 
d(* trom]K‘r les autres sa.ns (pi ils s'en ap(‘r(,‘oivent. 


( Umtin ned 


GERMAN By P. G. Konody and Dr. Osten 


XCV. Principal Rules of German 
Punctuation. The full stop(.)is employed 
at the end of a complete sentence, and after 
insciiptions, abbreviations and numerals, as in 
English. Examples : Il)cr foutmt t^uh. 

fSr bat mid; ll;ii pi bcfiidifii, The father is coming 


to-day. He asked me to call on him, etc. ; 
u. f. u\ (abbreviation of uiiD fotweiter, and so forth); 
(^um ^eifvid, for example) ; tcv 15. Vlutpiu. 

The iiuirk of interrogation (?) is put after an 
interrogative sentence ; and the mark of excla- 
mation (!) after expressions of eommand, desire, 
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joy, grief, and after addressing persons in letters 
(Vltfbcr Rrciint! etc.). 

I'lie coiinna, the semicolon, the colon, and the 
full stop indicate pauses in the sentence. The 
sliortest pause is denoted by the comma, the 
h)nge8t by the full stop. The use of the comma 
in (Tcrnian diiicrs from the English. It is em- 
ployed (a) in enumerations. Example: SDlduttet, 
/haucn, ildbchcu, .ftnabcu cilteu limber, Mon, 
women, girls and boys were running about. 
(6) Between principal sentences and subordinate 
clauses. Examples : ($r bat nticf), ba^ tch tomnien 
nu\^f. Ho begged mo to come. i|l ber 9)?ann, 
bcr tuiv ben This is the man who 

showed me the way. (e) When a co-ordinate or 
su])ordinato clause conteins a new subject and 
I)rodicate. Examples : T>tt 'Ihiter fa^te mir ni(hti\ 
imb auc^ bic SUhittcr fd^uneiv Father said nothing 
to mo, and mother, too, kept silent, (d) With 
<luotations. Example : .^»icv bin idn fac^tc cv, Here, 
T am, he said. 

The semicolon and the colon are used for 
indicating longer pauses in complicated com- 
jjound sentences, for the saktj of the clearer 
articulation of the sentence ; and the colon is 
also used to ititroduce enumerations. 

All other signs are used exactly as in English. 

XCVI. German Correspondence. 
The mode of address in German business letters 
differs from the English form in so far as it is 
customary to use only the name of the addressee’s 
firm, and not the additional address of civility, 
,,Sir,” or ,,Doar Sir,” or ,, Gentlemen ”. 
f)n the other hand the signature is frequently 
preceded by expressions of courtesy, which 
would sound ridiculous if literally translated 
into English : ^Jodfjadbtmii^^iHdl tfull of high 
t)sieein) ; Gr^ebenfl (most devotealy) ; SKit bem 
iHu^ibrurff aufric^ti^^cr ^9ertfd;af!mn^ (with the 

Private 

Vieber J^rcunb I Scl^r i^cef^rttr .'>crr! 

^h^ertefte gndbi^f ^ran I Vicber (Muftav* ! Viebjlc .Hardiitf ! 

3u meincitt Icbl^aftcu ‘I^ebaucvn ifi fc* wiir infch^c 
filter imbor^crgefcTjenen Buufd^cnfadc^ unnic^lid) 
U'orben, mtfere i^frabrcbiuut einpi|^a(tfii. 3d) ware 
trcfllc#, n>ciui bviburd) in 3l)rc (?intciUin{; cine ^tcvuiq^ 
t^ctvaflen truvbc, allciu i(l ntir bcim bcjlen SiUUfu 
nid)t meglid), an ber 'Jlartie tcilpineljmen. 3d) beffe, 
baj; eie cine ani'^encl^me Sal^rt nnb einen gnfrieben 
jleilcnbcn ‘ittufcntljalt baben u>cvben. 

3n alter 4'»ftjtid)feit 


c\cel)rtev v)>evr ! 

SWeine Rvan nnb- id) U)ni*bfn iiiitj anfrid)tti^ frenen, 
U'cnn @ie 11110 ba0 liller^piiqvti macben ivclUcn, iiiit un0 
am ndd)tlen (Scnntafl, ben 12., nm 1 Ubr, jiii fveifeii. 
ihlir b^^fw Rreunbe ein^elaben, bie efi ficb guv 
Gbte anretbnen metben, Sb^* SBefauntfebaft gu madden. 
3n aiifvicbti^er ($vctebenbeit 


.feerren 91. & ! 

3tt (trlebqgung (SBeantmortiin^ 3bwr 

flef^d^ten (^eebrten) 3wf<b«ft 4. b. !w. (biefe0 
SKonaW [vem 4. b. aW. (borigen aWonat 0 )] beebre i(b 
tnid), 3b«w witniteilen [angugei(|en, ®ie gu bcnaib? 
ri(btiij«n, Sie in Jtenntni^ gii fe^n], baf bie mir gn? 
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expression of sincere valuation) ; SWit ber 
ajerflcbwing borguj^lid^er t&c^batbtiing (with the 
assurance of excellent high ostoem) ; etc. In 
priv’ate letters without distinct commercial cha- 
racter, the style of address is ; (Sebr geebrta .§err ! 
Dear Sir (very honoured sir) ; ai^erte ^ndbiige Rran ! 
Dear Madam (esteemed gracious madam) ; (Sebr 
aeebYte0 rtttdbige0 Rrdnlein! .^otb^tefebdute Rran ! etc. 
This address is always followed by a note of excla- 
mation. The signature is again preceded by the 
customary terms of courtesy, as in business 
letters. It is not considered very goo«l form 
to begin private letters with the personal pro- 
noun „3d)". 

Key to Exerctses in Examination 
Paper XXI 11. (Pages 4220-1) 
Exercise 1 (a). 3d) Fauftc ben .)>nt in bem OK’ 
fd)dfte, baa (or melcbca) fi(b nebenan befinbet. 
iinbcrfubr miv, ber itb bed), etc. (fv fleiltc mir feme 
Rraii ber, bie (or meltbc) berber, etc. T^iee ift tcv 
aRann, beffen (Eebn, etc. Dica ift bir a^diievin, berm 
^ed)ter, etxj. il^aa ivar aiHee, leae id) erfabren feiinte 
JT'aa favgen 8ie, ber biea bed) beffer miffen fellte? Tae 
faigtebcr aUann, ber (or U'cleber) biea bdtte beffer mifiiii 
inujTen. Jl^aa li'luftile, leaa teir tun Kmnen, ift, abgu 
vetfeii. (5‘0 gab niebta, leaa cr iiid)t len^te. 

(h) 3cb fauftc ben .^iit in bent Oicfd)dfte, bae fid' 
nebenan befinbet. 9lUc aJlube, bie baran gcu'cnbcr 
leurbe, tear bcrgeblid), or $l((c SKiibe tear eergeblid'. 
bie baran, etc. 3d) befelgte ben 9iat, bet mir erteili 
ti'erbcn tear (or tenrbe). (2ie fd)enfte ibm eine tltefe, 
teeld)e tintnberbar bnftete. (fr geigtc mir ben ay eg, 
teeld)er ber furgefle tear. 

Exercise 2. 3d) fubhc mid) fe teel)!, teic ein Rifcb 
im ayaffer. 3d) fiiblte mi(b teebler, ala ein Riftb (m 
ayaffer. aBie bie Sonne ana ben ayelfen briebt, fo 
trat bic Ree, etc. Unfer Olarten ijl tecit fdtettet ala 
ber feine. Gr liebte ibn, teic ein 93rnber ben anbern. 

Letters. 

Dear Friend. Dear Sir, 

Dear Madam, Dear Gustave, Dear Caroline, 
To my greatest regret, unforeseen circum- 
stances make it impossible for mo to keep to our 
arrangement. T should be sorry if this were to 
upset your plans, but 1 cannot possibly makti 
one of the party, much as I should like to do so. 
T hope that you will have a pleasant journey 
and a satisfactory holiday. 

Most cordially yours. 


Dear Mr , 

My wife and I would be delighted if you 
could give us the pleasure of dining with us 
next Sunday, the 12th, ’at 1 p.m. We have 
invited a few friends who will feel honoured to 
make your acquaintance. 

Most sincerely yours. 


Messrs. A. & B., 

In [courteous] reply to your favour [esteemed 
letter] of the 4th inst. [of the 4ih ult ] I beg to 
[have the honour to] inform you that the goods 
forwarded to me are only partially up to sample. 
The sizes, as well as the quantities and qualities. 
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ftfuiittcltcn 'liMUfit miY ;u«i uUr fint. 

'tf-oU'oOl tic al<s and> Me iVnmiuftn unt' tio 

Diialitaten cntfvvfd>f« ui6t lufimv 'sbrrm ^Vciffutni 
rrtfiitfu Drlirf de dato 2. t. 

.\u ?lntartc L'^cii^cf(l>lo|Tcn] fiiibcn 2 if fine .UoV'if 

iiifiucfi auf Wrnnt 'JDiiiftfr evtcilteu 

iicfjft \»lufftfllmtv^ bfv hitfad^lidi tviiYffvtcn 'liUirfii. 

llU'llfii «if bciiinad) umftcl)fnb bae Sehlciibc naddiffmi 
iiiib liber bad DhditbfftfUtc imb 'iPjuftfv.'Ui^fiua^f bid 
VonifiYii. t)if 3a()lm^ crfolt^t uatiirivniap erft, fobalb 
bic rrbvc foiiiblcti nub auftra^d^'^euiajs ffffftuivt in. 

I^nrd) bic Uiu^cnanirtfcit in bev ^iudfubrinti^ iiicmcv 
'IVftflluiu^ nne* mil* UnaniKlmilid'fcitfii crivadMcn unt' 
fd U'dve, ivciin iinffrc 'sl^crbinbuiu^ anfvfdn cihaltfii 
lufvbfn fi'll, U'unfd'fUdU'frf, U'cnii fold'r Jintinuev 
I 2tcviuu'^cn) in Jufuiift Y*mnicbfn u'iivbfii. 

.Mnen i^i'd'. (ividuiljtcn) '.VadMid'tcii fnrjvafnffbcnt 
>> I'd'adn It iu\dVH' 11 imb cnv'l'fHK 


.'.■'cvvcii ' 

'mi tifu Aluci vvfd' .^ufd'tift immu 

i‘\claiK'\t, habfu iriv von bev nno raiiii avifirtcn (Mii 
nal)inc von £2S7.H>.10 o/ (Crbvc) "l^vnbcY -'^fllwalb 
(H'., rvfi ilVonatc a dato, v^fiionnucn, 

nnr unt U'cvbcn .Mivc ^Uelmiu^ ^nlaftcn Mmx iv. (un'iicn) 
^1^cd)lu^u•^ ;;nv 3fil finlofcn. 

,^n '>hvfn T'ifnftfii Urto iV'Uf bmit, ^fid'ncn ivu 
.Ood'ad'tnnadvoll 


•'bemn 'i'. '.Ji' Intel inann & ('o., *i^i'Uin. 

'iU'u ber T>fntfd'fii ii^ant in '.i^frliii ii'l nno bcntcnii 
.M)Vf U', JtifdMiniu^ fin (^‘bert £648.14.11 ^lutfaaiuv'n, 
bfii iviv ^nin VliuMlYidu’ 'dirca .Uontoo vriivfiibft lubni 
,M)rni t^ffa II lie'll ivcitcrcn Vlnffra»Yfn mil 'Inraiimv'ii 
fnfivafUiVbfnb, ^fidmcn ivir 
•'>od'adnnn*v'voli 


.'>i'rru Dr. chem. ,'sofff Vivvmann, Arantfnri a. '61, 
'il'iv finvnmvn jvid'a^tcv rffevt vom .... niib 
finb nid)t ab\VHfi‘V» ^vraiV' « lu^ai^cinfiito fiir 
niiferc J^abrifcii naber ^n Iretfii. '36if ana ben nnd ^n 
t^finittfllcn Jen^niffen crfidnlid', Ijabcn >2 if in ninVicv 
(2vf^ial 'l^randK fd;on rtcarbeitet, niib bfinnad) bnifir 
.M)rf Oualijitaiion fur bic SBfbnrfnijTf unffrev 'iVtvifbfo 
tin (Mrojifii niib (Maiijcn annev ^U'ciffl rtflnii. Vlb 
vVKl)cn vbu bfv a>ouovivnn:A, bic ben (Mcv^cuftanb tvfitfvfr 
'i^frliaiiblniirtfii ^ivifdifii nna ;^n bilbfii battc, fd^inr 
niid bic ivraijf von bev J^anev bev von be 

fonbmr »litidnintfit. Icvtcn aiif fine brci bid 

fiiufjabriiV t^nflaytfinenttvTaufr (Mcivid't nnb fvbittfu 
niid 'sbvf fvfiiiiblid'f 91Hltfilniuv ob £if i^cncjiV finb. fid' 
fiiY fine bfvavtii^f '|Nfricbf j^n vcrvfliditfn. 'Tie in x^sbrem 
Offcvtfd^rfibfii bar^clfy^fii '^8fuifd'f binfidnlid' bn 
'ylmfii bfi^nftfllfiibfii ivifffiifdiaftlidjni Vaborai niinii 
'.i^fl^flff ftf. U'fvbfii nad' innlid'ffit '^finrfndnianiKY 
finben. 

•C'lodnidninii^dvoll nnb cry^fbciift 


Abcrvfii 

ol;rfn iwertfii '^nfrra^ de dato . . . . , fcniicii ivir 
Hn nnffVfw iBebanevn erft in ber gweiten »§dtfif bed 
midiilcu 3al;red aiidfubreu, ba ber Vluffcfiuumft in ber 
Xertilivatens^nbufirie im ^nlanbe tmfere ^rcbnftivn 
bid (ill biefeni Britvindtf voUfianbici in Sliifpriie^ 


do not conform to the order given by me to 
your traveller on the 2nd of May laKt . Enelos^ed 
you will find a copy of my order bani'd on your 
sampU*«, together with a list of the goods »m6u illy 
delivered. Will you |in aeeordanee with this 
list I make up the didieieney and diH})o.se of the 
goods not ordered ? Pnyment- will, of eours‘*» 
only follow when the deliveiy has beini eoin- 
))b‘ted according to order. 

'PIk* irregularity (inc'xaetness) in the exi*eutioii 
of iny order has caused luc sonv' unpleasnntneKs, 
and if our relations an* to be eontimied (kept 
u])) it would be ({('sirablt' it sueli errors were' 
avoid(sl in futur(‘. 

Awad’ng the Invoiir ol yo ir I'sleianed reply, 
j I ajii] 

Yours very truly. 


Messrs 

W(‘ la‘g to aeknowled'^e reeeijM of your favour 
ot llu‘ .... inst. in whieb you advis'* us of your 
draft on uh of £287 16s. lt)d. to the ord<‘r of 
lirothers Ihdiwald tV. Do., Berlin. tlircM* monllis 
from dat“, which will be duly bonoured and 
debited to your aeeoiinl 

[Always at your s rviee] we icinaiii 
^’ours v(‘iy truly. 


Messrs. P. W. Ar Co. Berlin. 

\Vi‘ have r(‘eeiv(‘d to-day from the Ihuilselu' 
Bank, Berlin, a eheqiu' £648 14 h. lid. in full 
settleim'nt of your a(-(5ount. Anticipating tlu* 
la\our of your further I'stei'med orilcu's, 

\\'e a.r(‘, 

Yours fp.itlifully. 


Dr. Jos(‘t Li])])mann Frankturl-.i. -M. 

* We are in receipt of your (‘Ht'uuned a])j)lieation 
of the .... inst.. and are not disiiieliiied to con- 
sider the (juestion of your engagemi*nt tor our 
faetories. It appears, fioin tin* testimonials you 
have sent us, that you liav<‘ already woiked in 
our special line, so that your (pialifications for 
tile requirements of our w'orks a])pear to )><» on 
the whole beyoiid douht. A])art from tiu' 
question of salary, which would lia-ve to be 
(liseussed at a later date, the duration of tlu 
engagement seeuns to us an esseuitial jioiiit. 
We attach gre*at impeutanee lei a lima* to live* 
y<*ai*s’ engage*ment, anel shall he* glael if you will 
kmdly le*t us know' whedber yeui fe*e*l dis])e)se*d to 
bind you rse ‘If for this 1 e^rni AVe* shall give* due 
eonHiai*ration tei the* wishes e^p^(*^s'el in your 
application regarding the seienliiie a]>plia!u*e*s t<» 
be* supplie*d by us 

Yours very truly, 


^lessiH 

Wc are sorry to inform you that your e*Hte*(*m(‘d 

orde^f of cannot be executed be*fore? the 

second half of next year, as the* boom in the* 
textile industry for home consumption will fully 
absorb our output up to that date. Should your 
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nimmt. SBfbavf nid;t mimittctoe iTfrfinii^ 

iictic\ tnad;t, tvivb eij un« freiicn, ab (5*nbc 3»»i 
1907 bienlid) fcin j(u fiMtncn. 

cjcf. SWetnuit^iJaufjerunQ cnt^civnrc^cttb 
*&od;ad)tun^?t?pU unb cr^fbenft 


.^cvrcu 

^iit ®eftett\vartiftcm cvlaubcn ti>ir un^ bic er^cl'cnc 
Vlnfra(\e, ob '©ie lii ber trareii, ben !^bnfu mit 
fenarater 5l?ofifenbun(i guflcljciiben iHrtiFel in (jru^crcn 
Ouantitfitctt ber^iiftcllen. ilUr crbittcn untf in bicfem 
<sal(c OJcrtcumuftot ntit (\fnanc|ier i0md)nnni‘\ bce^ 
nnb 9(nc^abe beei ?icfertcvnttnce<. Ijaben in 
biefcm 9lrtifel cineii bebenrenbcn Unifaij nnb fcnnteii 
fcnvcnircnben Railed c\rc§e Orbrcci erteilcn. Sit* Ici^cn, 
n?ic jcfct fcbon andbrurfiid) crnjabnt imben tnaA, anf 
ftriftcfte (Siu^altnnc^ ber Hnalitat nad> 3Kiifter, fcwic 
anf vwinptc Siiefernnfl batf i^vo^tc (Mficid>t. 
3^il)innc| evfclflt ^c^cn iJabcfdjein. 

3()ter frennbl. boflwenbenben 'l^erjianbu^nn^ en^ciVn 
febrnb .l^od^icbtiii^efin'd nnb eicnebcnfi 


.Ocercii 'J9inFicr & C^o., Vciv^uv 
^^n iiBcantwortntu^ ^l^rcr ?ln^eic\f in ber ITentfcben 
^anbeliS'Bcitnnci ttom ..... etlanl’c id; nm* bierbmd), 
,Mmeit weine !l)ienjie aid en^lifc^et cilmefvcnbenf an^n^ 
bicten. Bd; l)abe, tvic <Sic an^ ben bcifo^enbcn Vlb. 
fcbnfren nieincr BfUiviifff ^ntic^ji erffl)cn inellen, in 
bentfcben .C'janfern ali? eiit^iifd^r .^toricfvcnbent beiett«< 
fcrriert nnb bin beiber 'Snrad^en tn ^LUnt nnb 'Scbnft 
vcUiontwcn niacbtivv 

3brer flicf(ba^ten 5Weinniu^(^anf»crnn^ jte()t entc^ev^en 
.&od;adnnnrtt<i'cU uitb en^cberift 


demand not require immediate supply, we shall 
be pleased to bo at your service after the end 
of June, 1907. 

In anticipation of your esteemed reply, 

We are, Yours very truly. 


Dear Sirs, 

We take the liberty of asking you whether 
you are in a position to produce largo quantities 
of the article sent to you in a separate parcel, 
in whicli case we shall bt^ glad to receive sample 
with lowest quotations and date of delivery. 
We have a large turn-over in this line, and are 
in a position to plice large orders if suit^l 
We may mention at once that wo attach the 
greatest importance to the goods being up to 
sample, and to prompt delivery. Payment on 
bill of lading. 

Availing your reply by return of post, 

Wo are. 

Yours very truly, 


Messrs. S. Winkler & Co., Leipzig. 

Gentlemen, 

In reply to your advertisement in th(^ 

** Deutsche Handels-Zeiiung” of the I beg 

to offer you my services as English correspondent. 
As you may see from the enclosed copies of my 
testimonials, I have already served with German 
firms as English correspondent, and can speak 
and write both languages fluently. 

Tn anticipation of your esteemed reply, 

I am, Y^ours very truly, 


ConcImJed 


SPANISH By Amalia de Alberti 6 H. S. Duncan 


IRREGULAR VERBS 

The Spanish irregular verbs are very numerous, 
but exctqiiing a few, which are not classifiable, 
they may be divided into several classes, follow- 
ing easily definable rules. 

Clasa I. Verbs of this class expand the 
radical vowels e and o into ie and when the 
stress falls upon them and not upon the verbal 
ending. The radical vowel is that which lies 
nearest the end of the verb stem, found by 
suppressing the infinitive ending ; thus, in 
acord-oTf to a^ee, the radical vowel is o, which 
becomes ue whenever the stress is laid upon it. 
In all these verbs the accent falls on the radical 
vowel throughout the Indicative Present, the 
Subjunctive Present, and the Imperative, alw’ays 
excepting the first and second persons plural. 
In all other tc^nses, the accent falls on the verbal 
ending, so that, with the above exceptions, 
these verbs follow the rule of their regular 
conjugation. Examples : 

Cerrar, to shut 

Ind. Pres. — cterro, rierras, cierra, cerramos, 
cerrais, derran. 

Snbj. Pre8.—<ierre, cierres, cierre, cerremoSf 
eerreis, eierren. 

Imperat. — cierra, cierrc, cerremod, cerradf 

eierren. 
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Perder, to lose 

Jnd. Pres. — pierdo, pierdes, pierde, perdemos, 
pprdeisy pierdm. 

St(hj. Pres. — pierda, pierdaSj pierda, perdamos, 
perdais, pierdan. 

Imperat. ’^iierde^ pierda^ perdatnos, perded, 
pierdan. 

Acordar, to agree 

Ind. Pre^. — nrverdo, a^aerdas, aruerda, acor- 
darmsy arordais, acuerdan. 

Subj. Pres. — acuerdcy acnerdes, acuerde, acor- 
demoSy. a^rdeisy a^uerden. 

Imperat. — acuerdOy acuerdcy arordemos, acor- 
dad, acuerden. ^ 

Morder, to bite 

Ind. Pres. — muerdoy mverdes, muerde, mor- 
demoSy mordeis, muerden. 

Snbj. Pres. — muerda, muerdas, muerdas, mor- 
damos, mordais, muerdan. 

Imperat — muerde, muerda, mordamos, morded, 
muerdan. 

Remarks* All verbs of this class observe* 
the euphonic changes in spelling already given 
for the regular verbs. Thus, rogar (to bes^h), 
besides expanding o into ue, follows the ordinary 
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nil<‘ for verbs ending in r/ar, ehanuin^ tlie «/ into 
ytt before e, thus : 

Ind. PrvH. — ruvgo^ rnega^, ruuju, nn/fintnif^ ffr. 

Sabj. — ruegitt\ rufgt.'i^ nugti(\, raguemtis, 
rngnei^ ruvgmn. 

Impend. — ruega, ntvguf^ mguvmt,^^ ntgud, 

t'Kvgurn 

When in vevl)K of this class tlic iwlical vowel 
o is ]>reeeded by g, tlit‘ expansion into ur takes 
a dia'H'sis whorev<*r it occurs. Example : 

Degollar, to behead. I ml. Pn ^i. (ivgiivUo., 
(hgiiAlas^ digiiella^ degalldmfis, drgnlhis, dvgUvllan. 

Tile verbs olvi\ to smell; (Uhhhhi, t(> bone; 
and (ifsomr, to spawn, take an h \\her('\er tin* n 
is f‘xpanded into wc, thus : 

Jufi. Pres —hueln. hueles, hnth. ulemn.s. olets, 
huelen. 

In th(‘ v(‘rb error, to miss, \\h{M*\er th(‘ ♦ is 
expanded into ie. i becomes the initial lettiM*, 
and is tlierefon* written and pronounced //. thus : 

Tnd. - //erro, germs, gen tt, irmi 04 )s. n rnis, 

gerrou. 

Noth. / is also elianged into // in other \erbs 
wIkti th(‘ stress falls upon tlie xerlial termination 
b(‘ginning with tlie diphthongs ie or in. Example : 
freer, to beli(*ve : cregemh). b(‘lieving. 

Tlu‘ verb jugnr. to play, formerly s))clt with 
an o. is included in this class. 

Class II. TJiis class consists of v<‘rbs ol 
the third conjugation only, with the radical 
vowels e and o. 

Besides expanding these vowels into ie and u 
wJien the stress falls u])on tJi(*m, tlu'se verbs 
shorten ie and ue into i and o in th(‘ first and 
second persons plural of the Siibjunctive Present, 
the first person plural of th(‘ !mpera1iv(\ and 
throughout the conjugation wdicuiever the verbal 
(‘iiding contains the difihthonu*^ ie or io. Ex- 
ample : 

Sentir, to feel ; (Jerund, sin*inoh> 

Iwl. Pres. — sietiln. sieotes. siente. seotimos. 
sent is. sieivten. 

Past Def. — senli. snitisft. sintid, sentimns. 
sentisteis. sifdiemn. 

Jmperat. — siente. sienta. sintdmos. sent id. 

sietdan. 

Pres. — sienta. sindo'i. si into, slut autos, 
sintdis. sienton. 

Snhj. Jmpf. / (I) sinfitra. sintieras. sintiera. sin- 
I tiera tints, siutierais. sirdieran. 

,, ,, I (2) sintiese. sintiesejt. sintiese. sin- 

l tiesemos. siufiescis. sitdiesen. 

Snhj. Fnt. — shUiere. sintieres. sinfiere. sin- 
tit remos. sinliereis. sintieren. 

The imperfecd and future of the Indicative 
and the (.‘onditional are regular. 

Dormir* to sleep, (ierund, dnrmien^iu 

Ind. Pres. — duermo. dnermes. dnerme. dormi- 
inos. dor mis. dnermen. 

• PaM Def. — dor mi. donniste. durmid. dormimos. 
dormisteis. durmieron. 

Inijteraf. — duerme. dnerma. dnrmamos, dormid. 
duerman. 

Stdtj, Pres. — duenna, dnirmas. dnerma. dnrmn- 
mm. durmais. duerman. 


Snhj. Impj. i (1) dunuitra. dunnieras. dur- 
I miera. ttr. 

.. j (2) durmiese. dunnieses, dnr- 
I mi CSC. etc. 

Subj. Fnt. — dnrmiere. dnrmieres. dnrmicre. 
dnnni ere nuts. etc. 

Noth. A few^ verbs of th(‘ third conjugation 
ending in gnivir. expand thi‘ radi<*al / into ie 
when the accent falls on it, hut an* otherwise 
n'gular. Example : 

Adquirir, to obtain Ind. Pies. — adgnlcro. ad- 
gnitres. adgniere. adgnirimos, adgniris. adgnivren. 

'Pile following is a list of the irr(‘gnlar verbs 
of the first class likely tt> he i'(*(]iiir('d in ordiiYary 
use: 


First Class 

Verbs with uwlieal t expanding to ie. 
radical o t‘X])anding to ne. 

ithHoIrvr. t«» iilmoK 


and 


acordnr. to agree 
Hcmtar. to put to hed 
itereeetUar. to lii<*r(*jiHe 
ahntar. to eneotirage 
alniorzar, to hreaki’aHt 
nfoiitfar. to iengtlien 
aiHHehltir, to tiiniixli 
nmuUir. 1o grliitl 
aiirrtar, to prena 
afiratinr, to approve 
ttrreinhtr. toceiU 
attermler. to asi'eiut 
asoHetfar. to ealiii 
atendei, to attend 
afrnn, to attract 
iitraveHur, t<» eronw «»v't‘r 
arergonmr. to Kliann* 
enindar, to warm 
reyar. to blind 


eaoava# , 1o Itegin 
t'lHViidn-, lo light 
eneeiitor. to imiI 
ez/rem//, lo Kliiit lip 
eiirouifudar, to eoinmeiid 
1 ’nnnitrar. lo meet 
e tone Ildar, to eorreet 
riitnrar, to hiir.x 
nirotrrr, to wrap up 
rnfanar. to endeavour 
ixtnidrr. to extend 
farrnr, to Joree 
fri’uar. to Hcoiir 
nahernar, to goMM’ii 
/irtar, to tree/e 
hrrrar. to alioe a liorHe 
tiatgar, to rent 
ninrnar. to winter 
i attar, to pla.v 
ttorrr, to ram 


to lay a foundation inanifrHfar, to manitest 


rarer, to cook 
rof(iar. to liang nn 
roviriizar, to comnienei* 
ronifimirr. t-o eompoae 
roniprohar. to prove 
roneertnr. to eoneiM't 
ronrordat. to agree 


tiiolrr, to grind 
iiimtrar. to bIiow 
aioerr. to mo\e 
iintar, to deny 
arrar. to miow 
fir ana r. to think 
firrdrr. to lose* 


rnudeHrendrr. t(» eondcHiM'iid /drtfar. to told 


uindidrnir. to eondidi* 
ronfesar. to eonfi'HH 
rannmarr. to movi* 
raiiHolar, to eonwile 
rontar, to eount 
rotdnuirr. to eoiiteiid 
roHtar. to coat 
dr/rtufrr, to deti'iid 
drmolrr, to demuliali 
drmtadrar. t<i deiimristrate 
drnegar. to deny 
drsimrtar. to mi-<take 
di Hdcardar. lo disagree 
drsaleHtar, to diaeoiiruge 
drsapretar. to looae 
dtHaprattar, to diaapproxe 
deHanmegur. to diaturh 
drHot Older, to neglect 
denatentar. to perplex 
flesreuder. to deai'eiid 
deHeaterrar, to um»nrtli 
deshrlar. to thaw 
demnenhr, to give the lie 
detatlar. to deaolate 
deKpafdur. to depopulate 
detdrrrar. to exile 
deHvefgoiizaiHe. heeome 
Hluiiiiel(*aH 
detener. Ui detain 
deralref. to give hack 
disrordar. to diaagree 
dinolrer, to diaaolve 
despertar. to awake 
doter. t<» aelie 
eiiipeliar, to Impel 


patilar. to ]M»pulate 
prohnr. to prove 
proiioitrr. to )U'o])oae 
,/ar(trar. to break 
rmiiariidar. to recommend 
rrrurdar, to reiiiemhei 
rrfarzar. to fort if. v 
rrgar. to water 
rriiir Ildar, to mend 
rnimrdrr. to eaiiae remorae 
rrprohar. to reprove 
rrrrntar. to biirat 
rrroirrr. to atlr 
lodur. to roll 
eraihrar, to a«>w 
nr air lit ar. to aow 
sriitamr, to alt down 
HI afar, tzi eatiihUah 
hoiiar, to aoiiiid 
Mfiaar. to dream 
Hiineftar, to mim 
triiihhir, to tremble. 
teiidn. to atreteli out 
frnlar. to tempt 
tiiHlai. to toast 
traiiHri’iidrr. lo tranaeend 
traiiMpaaei, t<i traiiapoae 
IraHrardarnr. to forget 
trannar. to enzaa 
tfarar, t<» excliuiige 
trunar. to thunder 
troprzar. tii stiimhle 
rrrtrr. to Hpilt 
raJar. lo ll.v 
rolls r. to come hack. 


Note. Only one meaning is given here ; a 
gmKl dictionary should he consulted for the 
further mc^anings of eat*h verb. 
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Second Class 

Verbs of the third conjugation with radical e 
and o, expanding to ie and tie, or changing to 
t and u : 


adhiTir, to adhere 
adormime, to fall asleep 
asenidf, to assent 
conlefiTt to confer 
eomertir, to convert 
defmr, to defer (show de- 
ference) 

desaOvertir, to act rashly 
diferir, to defer (put off) 
dxgmr, to digest 
dineernir, to aiscern 
disentir, to dissent 
dtvfttir, to divert 
enftegerir, to intermix 
fnirffnariir, to die away 
Aertr, to wound 
hftmr, to boil 
tnferir, to infer 


intimr, to interfere 
inverts, to invert 
malherir, to wound badly 
morir, to die 
pervertir, to pervert 
prefetir, to prefer 
premonr, to predecease 
projer^^ to pronounce 
refnir, to refer 
tfherir, to repel 
ffherrar, to re-shoe (a horse) 
rfmeniir, to lie frequently 
sentw, to feel 
Bubvertir, to subvert 
Bugefir, to suggest 
trannfenr, to transfer 
zaUertr,to censure 


Exercise XV. (1) 

Translate the following into Spanish : 

1. We have shut all the doors ; now you shut 
the windows. 


2. It is not worth while to beseech them to 


pardon him ; you beseech, if you like. 

3. The smell of those flowers is a real perfume. 

4. It is difficult to acquire fame, and even 
more difficult to preserve it after it is acquired. 

5. It is well to encourage youth ; I always 
encourage it. 

0. It is difficult to approve when a friend 
criticises us with truth ; the approbation of those 
who surround us is necessary to our happiness. 

7. It is necessary to attend to our business. 

8. Let us be careful in crossing the square ; I 
cross it always looking to the right and to the left. 

9. The proverb says that there is no one more 
blind than he who will not see. To be blind to 


our defects is natural. 

10. The foundation of our friendship was laid 
ye^irs ago when we suffi'^red together. Troubles 
are calculated to lay tlio foundation of friendly 
intercourse. 


11. This room needs to be warmed, and the 
breakfast must also be warmed. 


Exercise XV. (2) 

Translate the following into English : 

1. El destierro politico & que fu4 condenado 
hizo su fortuna, cuando su partido volvi6 al 
poder. 

2. Despertar la ira de una persona apasionada 
es peligroso, una vez despierta es ditieil de 
apaciguar. 

3. Es mas dihcil al hombro gobernar sus 
pasiones que gobernar una nacion. 

4. Kiego absolutamente haber dioho semejante 
oosa, y cuando me oonfronten con 6\ no lo podra 
negar. 

5. Se dice que mas vale remendar su capa 4 
tiempo, que dejar que el remiendo sea mas 
grande que la capa. 

6. El que siembra espinas no puede esperar 
que salgan flores, mas vale sembrar buena 
semilla que sementar abrojos. 

7. El tonto sueha loque quiere, y el sabio lo que 
puede. El soiiar no se manda. 


Key to Exercise XIV. (1) 

1. I Quiere Vd jugar al ajedrez ? No 
jugar tan bien como Vd. No importa, le dare la 
reina y el peon. 

2. Muy bien ; pero dospues de concli^ido el 
juego de ajedrez, tendr^mos uno de damAS. Oreo 
que conozeo eae juego mas bien« Aqui esta el 
tablero. 

3. Tome Vd un cigarro ; son buenos ; son 
habanos. Gracias, no fumo. Y su hermano 
fuma ? Mi hermano fuma cigarros, cigarillos, 
y la pipa. 

4. Los cscoseses tocan la gaita. y son los 
dnioos en el mundo entoro que pueden tocarla. 

5. Esa agua quo y6 Vd aqui es un manantial 
de agua duloo. 

C. Esto 08 un arroyo en verano, y un rio 
caudaloso on invierno. 

7. La calma vione antes de la tormenta. 

8. i|Pice que es buen jinete, y no sabe manejar 
su caballo ! 

9. I Usa Vd espuelas ? Nunca. 

10. Esa silla es vieja. Deboria Vd comprar otra 
nueva y pc^rmitame que le diga quo los estribos 
son demasiado largos. 

11. Eso caballo es muy brioso ; necesita do- 
marsc. Eso es facil ; tengo en mi caballeriza un 
buen picador. 

12. El aparejar 8(‘ hard pronto. 

13. No es bueno alabarse tanto, puos el 
que se alaba corro el riesgo de que se burlen 
de dl. 

14. \ Dejdrlos burlarse ; no mo importa ! 

16. He me alogra el corazon al ver d Vd. 

16. Nos alegrdmos mucho de su buena 
fortuna. 

Key to Exercise XIV. (2) 

1. The war was very sanguinary ; many 
soldiers died. 

2. On receiving the sad news the poor woman 
fainted. 

3. May I open that letter ? It has been 
opened since this morning. 

4. The sky is overcast ; they must cover the 
flowers, as it will surely rain. 

5. I have written to your father giving him 
news of our engagement ; we shall see if he 
deigns to write. 

6. Those words are printed on my heart. 

7. This manuscript must bo printed. 

8. America was discovered by Columbus. 

9. Upon discovering the statue, they threw 
it on the ground. ' 

10. It blunders, rains and freezes at the same 
time. 

11. It is going to thunder. 

12. We left the town incognito at dawn. 

13. Day breaks at flve in the morning. 

14. We reached our destination at nightfall ; 
it was a long journey. 

15. Is it true that it is tweliM miles^from here 
to Ban Juan de Luz ? 


’ Confdwued 


End of Volume V. 
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